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ARTICLE INFO ABSTRACT

Keywords: Emerging adulthood is a critical developmental period for examining food- and eating-related behaviors as long-
Virtual reality term weight-related behavioral patterns are established. Virtual reality (VR) technology is a promising tool for
Food buffet

basic and applied research on eating and food-related processes. Thus, the present study tested the validity and
user perceptions of a highly immersive and realistic VR food buffet by: (1) comparing participants' food selec-
tions made in the VR buffet and a real-world (RW) food buffet cafeteria one-week apart, and (2) assessing
participants' rated perceptions of their VR experience (0-100 scale). Participants comprised an ethnically diverse
sample of emerging adults (N = 35, M, = 20.49, SD = 2.17). Results revealed that participants' food se-
lections in the VR and RW food buffets were significantly and positively correlated in Kcals, grams, carbohy-
drates, and protein (all p's < 0.05). Moreover, participants perceived that: (a) the VR buffet was natural
(M = 70.97, SD = 20.92), (b) their lunch selection in the VR buffet represented a lunch they would select on an
average day (M = 84.11, SD = 15.92); and (c) their selection represented a lunch they would select if the same
foods were available (M = 91.29, SD = 11.00). Our findings demonstrated the validity and acceptability of our
highly immersive and realistic VR buffet for assessing food selection that is generalizable to RW food settings
one-week apart without precisely matched foods. The findings of this study support the utility of VR as a va-
lidated tool for research on psychological and behavioral food-related processes and training interventions
among emerging adults.

Food selection
Emerging adults

1. Introduction

Long-term weight-related behavioral patterns, such as eating habits,
are established during the period of emerging adulthood (18-25 years
of age; Arnett, 2000), and there is a corresponding increase in obesity
prevalence during this period (Gordon-Larsen, Adair, Nelson, & Popkin,
2004; Nelson, Story, Larson, Neumark-Sztainer, & Lytle, 2008; Park,
Paul Mulye, Adams, Brindis, & Irwin, 2006). Moreover, emerging adults
have an elevated risk for engaging in adverse health behaviors, in-
cluding dysfunctional eating behaviors and eating disorders (American
Psychiatric Association, 2013; Nelson et al., 2008; Racette, Deusinger,
Strube, Highstein, & Deusinger, 2008; Sussman & Arnett, 2014).
Therefore, emerging adulthood is a critical developmental period for
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examining food- and eating-related behaviors, which can ultimately
inform prevention and intervention efforts. Emerging technologies,
such as virtual reality, may provide a unique way to further understand
and intervene in aberrant eating behaviors.

Due to the increasing rates of obesity and disordered eating for
emerging adults and the associated comorbidities (e.g., heart disease
and diabetes), researchers have argued for a closer examination of
nutrition and eating behaviors to promote healthier eating patterns
(Anderson, Shapiro, & Lundgren, 2003; Crombie, Ilich, Dutton, Panton,
& Abood, 2009; Vadeboncoeur, Townsend, & Foster, 2015; Vella-Zarb &
Elgar, 2009). Beyond self-reported measures of food choices, other
common methods to study personal food choices include assessments
of: (1) real food choice in a laboratory or in real-life settings (Fernandes
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et al., 2016; Fisher & Birch, 1999; Zellner et al., 2006); (2) food choices
from photos or menus (Balcombe, Fraser, & Falco, 2010; Peschel,
Orquin, & Mueller Loose, 2019); and/or (3) food choices from food
replicas in fake food buffets (Bucher, van der Horst, & Siegrist, 2012).
Each of these approaches have limitations, including the high cost and
limited selection of real food and food replicas, which impact the
generalizability of these findings to real world behaviors (Ung,
Menozzi, Hartmann, & Siegrist, 2018). In addition, although conducting
experimental studies in laboratory settings with a limited set of real
food, photos, or food replicas increases internal validity as researchers
have greater experimental control and manipulation over variables of
interest, the lack of contextual cues may limit ecological validity and
the generalizability of research findings for eating-related processes
(Gutiérrez-Maldonado, Wiederhold, & Riva, 2016).

1.1. Virtual redlity food buffets

Recently, virtual reality (VR) technology has been utilized to study
issues related to eating and food-related processes because this tech-
nology has been shown to overcome some of the aforementioned lim-
itations (e.g., Gorini, Griez, Petrova, & Riva, 2010; Marcum, Goldring,
McBride, & Persky, 2018; Persky et al., 2019; Persky, Goldring, Turner,
Cohen, & Kistler, 2018; Ung et al., 2018; Yaremych, Kistler, Trivedi, &
Persky, 2019). VR technology immerses individuals within computer-
generated environments that update adaptively to the users’ head and/
or body motion (Parsons & Rizzo, 2008). Researchers can create im-
mersive and naturalistic VR environments that enables better general-
izability of findings to the real world (RW) settings compared to con-
trolled laboratory studies (Forman et al., 2018). Specifically, VR buffets
allow researchers greater control over the buffet environment by ma-
nipulating environmental factors (e.g., food color and texture, and
presence of other people) and using a variety of automatic measure-
ments assessing the order, timing, and other food selection details
(Marcum et al., 2018). Thus, researchers and clinicians have more re-
cently looked to VR food buffets as a promising tool for both basic and
applied research on eating and food-related processes.

1.2. Virtual Reality Buffet validation studies

In order to illustrate the utility of VR for research and clinical work,
studies have assessed the internal and external validity of VR tech-
nology by comparing food selections in VR with food selections in RW
settings. For instance, Persky et al.'s (2018) study examining parents'
food selections for their children in VR and RW buffets revealed that the
caloric content of parents’ selections of virtual and real pasta servings
were highly correlated, demonstrating that the VR buffet had con-
vergent validity. Moreover, parents reported feeling that: (1) the VR
buffet was moderately like the real world; (2) they would be likely to
serve the meal they chose in the VR buffet to their child; and (3) the
meal they chose was representative of how they would normally feed
their focal child from a buffet in terms of both the amount and
healthfulness of the food (Persky et al., 2018).

In Ung et al.’s (2018) study with adults, participants' selections in a
VR food buffet and their selections in a RW simulation food buffet using
fake food models were highly correlated, suggesting that the relative
amount of foods served in the VR food buffet and RW simulation food
buffet were comparable. In these previous studies, participants were
asked to select the serving size of the same food items found in both VR
and RW, and to make selections in both environments within minutes of
the first selection. Specifically, in Persky et al.'s (2018) study, partici-
pants first selected a pasta serving and chose from three cup sizes of
apple juice in VR and then approximately 3 minutes later, were asked to
select a pasta serving and choose from three cup sizes of apple juice in
RW. Similarly, Ung et al. (2018) asked participants to select servings of
carrots, pasta, and chicken in VR and then 5 minutes later, to select
servings of replicas of carrots, pasta, and chicken (i.e., fake food).
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The present study proposed to extend these previous VR buffet va-
lidation studies through comparing the food selection process in a
highly immersive and realistic VR environment and a RW food buffet
cafeteria one-week apart. Specifically, by weighing RW foods and using
available advanced photogrammetry technology and modeling, we
were able to create a hyper-realistic cafeteria environment and foods in
VR based off a RW cafeteria and foods (see Method for virtual en-
vironment creation). Similar to prior studies, the present study also
aimed to compare emerging adults’ food choices in VR and RW en-
vironments. However, in our validation study, participants selected
from a wide selection of foods available in both the VR and RW buffets
that were not specifically matched in order to maximize the ecological
validity and generalizability of our findings. In fact, because the RW
setting was an actual cafeteria on the college campus, we had no control
over the lunch selection available on the day that the participants were
scheduled. In addition, instead of correlating the food serving size of
selections that participants made minutes apart, we correlated the nu-
tritional content of their food selections in the VR and RW environ-
ments that were made one-week apart, which provides stronger evi-
dence for the generalizability of food choices in VR to RW settings.

1.3. The present study

The overall goal of the present study was to test the validity of and
user experience with the VR food buffet in assessing food selection. To
accomplish this, emerging adults were asked to select a lunch meal
within two conditions, in a RW campus dining hall buffet and in a VR
environment designed to mimic the campus dining hall buffet.

The primary aim of the present study was to assess convergent va-
lidity by examining the correlations between the nutritional content of
participants' food selections in the VR buffet and their RW food buffet
selection (in Kcals, grams, fat, carbohydrates, protein) one-week apart.
We hypothesized that the nutritional content of participants' food se-
lections in the VR and RW buffets would be positively correlated. The
second aim was to assess user experience in the VR environment.
Specifically, we examined participants’ perceptions of the VR buffet in
terms of: (a) how natural was their overall experience in the VR buffet;
(b) how much their final selection in the VR buffet represented a lunch
that they would select and eat/drink on an average day; and (c) how
much their final selection represented the lunch that they would select
and eat/drink if the same food selection was available. We predicted
that participants would rate their experiences in the VR buffet as nat-
ural and representative of their typical behaviors.

2. Method
2.1. Participants

A total of 35 students (20 females), between 18 and 25 years old
(M = 20.49, SD = 2.17), attending a mid-sized state university in the
Mid-Atlantic region of the United States completed both VR and RW
phases of our study. The specific demographic characteristics of the
sample are presented in Table 1.

2.2. Procedure

The study protocol consisted of three phases: A questionnaire phase,
VR buffet phase and RW buffet phase. All study procedures were ap-
proved by the Institutional Review Board of University of Maryland,
Baltimore County (Understanding Healthy Development in Young
Adults, protocol #: Y19CC20012). Before the start of each phase, par-
ticipants were briefed on the study protocol and provided written
consent. In the first phase, the participants completed an online ques-
tionnaire for a larger study assessing health development during
emerging adulthood, which included a demographics questionnaire
used in the current study analyses. Next, participants were screened for
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Table 1
Demographic characteristics of the sample.
N (%) M (SD; Min - Max)
Total N 35
(Cis) Females 20 (57)
(Cis) Males 15 (43)
Race/Ethnicity
White 15 (43)
Asian 10 (29)
Black/African American 5(14)
Hispanic/Latinx 1(3)
Bi/Multicultural 13
Other 3(8)
Living Situation
On Campus 12 (349
Off Campus with Family 13 (37)
Off Campus without Family 10 (29)
BMI 23.60 (5.08; 17.70-42.17)
Underweight (BMI < 18.5) 309
Normal weight (18.5 < BMI < 25) 25 (71)
Overweight (25 < BMI < 30) 4 (1D
Obese (30 < BMI) 39
Age 20.49 (2.17; 18-25)

whether they suffered from motion sickness, were allergic to latex or
alcohol wipes, have epilepsy or experienced a seizure, have ever ex-
perienced extreme discomfort from a VR experience or been told that
they should avoid VR experiences for medical reasons, and if they wear
glasses or contact lenses. Participants were asked about glasses or
contact lenses because the RW phase of the study required participants
to wear eye-tracking glasses, which could not be worn together with
eyeglasses. Eye tracking data was not analyzed in this study. Those who
indicated that they wear glasses or lenses are also asked whether they
were able to wear contact lenses during their session or were able to see
well enough without glasses to participate in this study. Individuals
who indicated that they experienced motion sickness, had latex and
alcohol wipe allergies, had medical conditions or could not participate
without wearing glasses were not eligible to participate in the VR and
RW buffet phases. Eligible and interested participants were assigned to
undergo either the VR or RW bulffet phase first and the other phase one-
week later in a counterbalanced order.

To validate the VR methodology, similar to Persky et al. (2018), we
carried out a comparative study in which the same task was performed
in both the VR and RW buffet. Unlike previous studies, our participants
performed the VR and RW phases one-week apart rather than within a
single laboratory visit. All VR buffet or the RW buffet sessions were
conducted during the lunch period, between 11AM and 2PM. Partici-
pants were asked to fast for 4 hours prior to both phases and received
text message reminders 4.5 hours before coming to their appointments.
At the beginning of each phase, participants were asked to rate their
current level of hunger using a visual analogue scale (0 = Not at all to
100 = Most they have ever been).

In the VR phase, the participants first received a scripted training on
the VR environment and how to interact with the system for approxi-
mately 5 minutes. Participants were instructed: (1) to look at each of
the food options so that they would know the range of choices avail-
able; and (2) on how to interact with specific food options to familiarize
them with how to pick up the food, change the portion size, place the
food/drink on/in the plate/bowl/cup and discard foods that were un-
wanted or selected erroneously by putting them in a trash can.
Specifically, participants were instructed to select broccoli and decrease
the portion size to the smallest; select Cajun chicken and increase the
portion size to the largest; pick up a slice of pizza; fill a bowl with
tomato soup; fill a cup with orange juice; and select white pasta and
marinara sauce during the training. Participants were then instructed to
make food selections for lunch as they would normally in real life. The
software automatically logged the portion size of each food selected
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once the participant placed their final selection at the register.
Participants could use as many plates, bowls and cups as they wanted.

The RW phase was conducted in a food buffet cafeteria at the uni-
versity during the lunch period, where a wide variety of foods from
appetizers to desserts were served daily. Similar to the VR phase, par-
ticipants were first instructed to explore all the foods in the buffet. Next,
they were asked to make food selections for lunch as they would nor-
mally. Participants could select as many plates, bowls, and cups as they
wanted and were instructed to bring their final selections to the re-
search assistants who then separated and weighed each food item in-
dividually and recorded the corresponding serving amount. Participants
were then allowed to eat their selected meal.

When participants indicated that they had finished their food se-
lections at the end of both the VR and RW phases, they were asked, “Are
you sure that you have gotten everything that you think you will eat
during lunch, including additional plates, desserts, and drinks? Do you
want to go through and look again?” to ensure that participants were
able to choose all the food items they wanted. Data collection for the
food selections ended when participants confirmed that they were done
with their food selection.

After completing the food-selection portion of both the VR and RW
phases, participants responded to three questions using a visual ana-
logue scale (0 = Not at all to 100 = Completely); “(a) How natural was
the overall experience?”, “(b) How much did your final selection re-
present the lunch that you would select and eat/drink on an average
day?” and “(c) How much did your final selection represent the lunch
that you would select and eat/drink if the same selection was avail-
able?”

2.3. Materials

2.3.1. Virtual environment creation

The process of photogrammetry was utilized throughout the asset
and environment creation pipeline to acquire accurate references for
creating architectural structures of the buffet environment. Numerous
photographs were carefully taken of the inside of the campus cafeteria.
Walls, floors, and ceiling surfaces were scanned, as were the buffet
tables and accessories including cups, plates, bowls, etc. Images were
filtered for optical quality and photographic data was used to re-
construct a 3D mesh and color texture for each object. In addition to the
3D modeling, contextual cues such as dining hall sounds (clinking of
spoons, talking, etc.) were recorded at the cafeteria. These sounds were
played while the participants interacted with the VR Buffet to simulate
the background noise of the cafeteria. Images of both the real and
virtual environment can be seen in Fig. 1.

2.3.2. Food buffet item selection and modeling

The primary goal when selecting and creating food items for the
virtual environment was to ensure that food items were accurately sized
and textured and represented a variety of food options that would be
typically found at the RW buffet. Therefore, foods for the virtual en-
vironment were initially selected from the semester long lunch menu of
the campus cafeteria obtained from the campus caterers (Chartwells). A
variety of main dishes, side dishes, deserts, and drinks were selected.
Typical variations of food items were also determined to increase the
range of options and provide variations in energy density (e.g., brown
rice compared to fried rice) and perceived healthfulness (e.g., pep-
peroni pizza compared to veggie pizza). A full list of food items and
their nutritional values were listed in Table 2. Average weights of each
food at each portion size were provided in Supplementary Table 1.

Once the food items were selected for use in the VR environment,
the food was obtained and prepared by study team members. Then, the
prepared food was scanned with photogrammetry (see Figs. 2 and 3)
and carefully measured by hand to produce accurate volume mea-
surements of each item (see Fig. 4). The photographic data of the foods
was used to 3D model each food realistically and accurately so that the
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Fig. 1. Real-world (left) and virtual reality buffet (right) environments.

Table 2
Estimated Nutritional Values per 100 g.

Foods Kcals Fat (g) Cho (g) Protein (g)
Veggie pizza bites” 222 7.74 30.37 8.27
Cheese pizza® 259 11.24 28.17 11.36
Pepperoni pizza® 253 12.32 25.15 10.48
Whole grain pasta” 149 1.71 30.07 5.99
White pasta® 158 0.93 30.86 5.80
Marinara sauce” 62 2.02 10.82 1.57
Alfredo sauce® 332 30.98 8.34 6.07
Low calorie pasta sauce” 152 10.51 8.58 5.96
Fried rice® 162 4.78 18.40 4.17
Whole grain rice” 123 0.97 25.58 2.74
White rice” 130 0.28 28.17 2.69
Braised beef” 250 15.11 0 26.72
Cajun chicken” 173 4.51 0 10.91
Grilled salmon® 178 8.20 0 24.30
Black beans” 152 2.77 23.71 8.88
French fries® 291 16.17 34.84 2.97
Sweet potato fries” 167 8.69 21.44 1.65
Wheat dinner rolls® 272 6.29 46.46 8.60
White dinner rolls® 310 6.47 52.04 10.86
Steamed green beans” 53 3.01 6.45 1.52
Roasted carrots” 60 3.30 7.73 0.62
Steamed broccoli” 46 2.20 5.35 3.12
Mashed potatoes” 115 4.36 17.78 1.80
Gravy” 35 1.09 5.49 0.78
Bread sticks” 312 10.51 45.67 8.18
Tomato basil soup” 36 0.11 8.40 1.01
Broccoli cheddar soup” 72 3.52 7.48 2.51
Grapes” 69 0.16 18.10 0.72
Strawberries” 32 0.30 7.68 0.67
Apple slices” 52 0.17 13.81 0.26
Chocolate pudding” 129 3.40 21.32 3.38
Chocolate chip cookies” 487 26.70 62.12 4.67
Lemon bars” 453 21.42 61.75 4.80
Beverages
Coke” 37 0.02 9.56 0.07
Diet Coke” 2 0.03 0.29 0.11
2% milk” 50 1.98 4.80 3.30
Orange juice” 46 0.13 11.30 0.10
Iced tea” 42 0 10.76 0
Water 0 0 0 0
Note.

2 High energy dense foods (> 1.5 kcal/g).
> Low energy dense foods (<1.5 kcal/g).

dimensions of the model matched their real-world counterparts. This
process also ensured that participants’ visual perception of the food
including the volume of space it occupied in the VR environment would
be accurate to the real world.

The food assets that could not be created from photogrammetric
sources were modeled in a computer animation and modeling software,
Autodesk Maya (Version 2018.2, 2018). The food items that were
modeled using Maya included braised beef, Cajun chicken, roasted
carrots, steamed broccoli, green beans, white and whole grain pasta,
chocolate pudding, French fries, sweet potato fries, veggie pizza bites,
apple slices, grapes, and strawberries. Although these foods were not
directly created with photogrammetry, samples of the real food items
were acquired and measured to ensure that our 3D models were mat-
ched to RW foods in volume.

To better approximate the appearance of RW food, style guides were
created for each food. These style guides ensured that food textures
appeared appealing and realistic. In addition, for unit items such as
carrots or french-fries, models that varied in size were created to better
reflect RW food variation for multi item presentations. Following the
creation of individual models, pre-made portion selections were mod-
eled. Some food items were served in portions, and the others were
served in individual pieces (e.g., pizza slices and strawberries; see
Supplementary Table 1 for the list of portioned and piece-by-piece food
items). Each portioned food item had 8 different predetermined portion
sizes. Portions were established using real rice on a standard plate only
for the portioned food items. These portion sizes were initially calcu-
lated by volume and were based on the amount of space the portion
took up on a standard size plate. The default portion was equivalent to a
single serving spoon of rice as this was the standard amount of food
served by kitchen staff in the RW buffet unless a diner requested ad-
ditional serving(s) of the food item.

After calculating the default serving amount for rice, we increased
the size of the portion from this amount incrementally for each portion
size until the plate was almost full for the largest serving size. Next, we
decreased the size of the default serving incrementally for each portion
amount to a little less than a teaspoon of rice for the smallest serving
size. This procedure was conducted to establish the full range of vo-
lumes. Each portion of rice was scanned into the computer using pho-
togrammetry and the volumes were precisely measured by hand. Once a
digital volume was created for each portion, these volumes were filled
with each portioned food item to create their respective portions. This
procedure ensured, for example, that the appearance and size relative
to the plate of the third portion size of fried rice would be roughly the
same as the third portion size of broccoli or carrots (see Fig. 5). The
middle portion size (4 of 8) was the default size presented to each
participant when they first selected a food. Participants were then able
to adjust the portion size with their hand-held controller by scrolling up
and down to increase and decrease portion sizes, respectively.

The beverage fountain in the VR environment was modeled after a
RW beverage fountain. The VR beverage fountain allowed participants
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Fig. 2. Photogrammetry scans of pepperoni pizza.

to select drinks by holding a cup under the dispenser similar to in real
life. The amount of the drink selected was determined by the length of
time participants held their cup under the dispenser.

To correlate food volume to realistic weights and calorie contents,
the volume measurements of each food item was obtained from the
photographic and hand measured data. The volume measurement of
drinks was based on the volume of a full cup in the RW buffet
(451.99 mL). Each food item was then prepared for consumption and

Texture from raw scan

then cut or shaped to match the volume measurements of the VR food
models. These prepared foods and drinks were then weighed to the
nearest tenth of a gram in triplicate on a professional digital food scale
(GDEALER DS1). The average of the three weight measurements was
used as the approximate weight of the item (see Fig. 4). This weight was
then used to calculate specific nutritional values for each food item and
drink by imputing the weight and recipe of each item into the Nutrition
Data System for Research (NDSR) software version 2017, developed by

New UVs and texture re-projection

Fig. 3. A More Realistic Modeling of the Foods in terms of Texture and Size was Created Through Program-detection of the Same Surface Features of the Object in a

Number of the Photographs.
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Fig. 4. Process to Correlate Food Volume in VR to Realistic Weights and Calorie Contents (1) Each food item (e.g., carrot as seen below): was cut or shaped to match
the volume measurements of the VR food model; (2) Prepared foods were then weighed to the nearest tenth of a gram in triplicate on a professional digital food scale
(GDEALER DS1); (3) This weight was then used to calculate specific nutritional values for the different portions (here, carrot portion 4 had 4 sticks) for each food

item.

the Nutrition Coordinating Center at the University of Minnesota
(Schakel, 2001; Schakel, Buzzard, & Gebhardt, 1997; Schakel, Sievert,
& Buzzard, 1988). This process ensured that each food item's and
drink's volume corresponded to an appropriate weight and subsequent
caloric and nutritional estimation.

For the purposes of this study, foods with > 1.5 kcal/g were cate-
gorized as high energy density and those that were <1.5 kcal/g were
categorized as low energy density foods similar to other studies (see
Drewnowski, 2009).

Four programs, Agisoft Metashape (Version 1.3.1, 2018), Autodesk
Maya (Version 2018.2, 2018), Pixologic ZBrush (Version 4R8, 2018),
Adobe Substance Painter (Version 2.6.1, 2018) commonly utilized in
the video game and entertainment industries were employed to model
and refine each asset. All assets were then imported into the Unreal
Engine (Version 4.18.3, 2018), which was used to drive the final ap-
plication and render all assets to the screen.

2.3.3. Real world food nutritional calculations

The nutritional value of the foods selected in RW cafeteria were
calculated by having research assistants carefully separating the dif-
ferent foods selected by participants in the RW cafeteria buffet onto
individual plates and then weighing them in triplicate on a professional
digital food scale to the nearest tenth of a gram. The caloric content and
nutritional information of each food item were then back-calculated
using the nutritional menu data retrieved from the reported cafeteria
nutritional information.

2.3.4. Equipment

In the VR phase, participants wore a head-mounted virtual reality
display (HTC Vive Pro). Participants used two hand-held HTC Vive
controllers to pick up and put down plates, bowls, cups and foods, and
change the serving amount of selected foods in the VR buffet. An ad-
vantage of the HTC Vive Pro VR system is that it tracks users' motion in
3-axes with six degrees of freedom. This feature allows users to walk/
move within and interact with the VR environment naturally unlike the
VR systems with three degrees of freedom motion tracking that only
allow head movements and require ‘teleportation’ to move within the
VR environment. The VR portion of this experiment was located in a
large open room that allowed the participants to fully move throughout
the environment such that they can walk within the VR buffet, and lean

forward and reach to food items and objects to look at them and/or pick
them up. Distances between counters and items were modeled to be the
same in size and distance as their real-world counterparts.

2.3.5. BMI measurement and calculation

To assess participants’ BMI, we measured their height with a por-
table stadiometer (Charder HM200P) and weight with a digital weight
scale (Detecto SlimPRO Low-Profile) at the beginning of the VR phase.
Participants removed heavy items of clothing (e.g., jackets) and shoes
for the height and weight measurements. BMI was then calculated by
dividing weight in kilograms by height in meters squared (Kg/m?)
(Centers for Disease Control and Prevention, 2017).

2.4. Data analytic plan

All the hypotheses in the current study were specified before the
data were collected. In addition, the analytic plan was pre-specified. All
data-driven analyses were clearly identified and discussed appro-
priately. Descriptive analyses were conducted to examine participants'
demographic characteristics, reported hunger state, and nutritional
content of participants' food selections in the VR and RW buffets. To
assess convergent validity, we conducted correlation analyses between
the total Kcals, grams, fat, carbohydrates, and protein of participants'
food selections in the VR and RW settings. Sensitivity analyses were
conducted in which we computed unadjusted correlations and corre-
lations adjusted for additional demographic variables, including BMI,
hunger level, gender, and age, to assess for potential covariates. For all
analyses, alpha was set at 0.05; p-values below .05 were statistically
significant and p-values below .10 were considered as approaching
significance. To examine the user experience in the VR environment, we
assessed descriptive statistics to explore participants’ self-reported
perceptions of the VR buffet experience.

3. Results
3.1. Preliminary analyses
The mean rating (possible range from 0 to 100) of hunger level was

55.67 (SD = 26.50) in the VR phase and 55.82 (SD = 21.48) in the RW
phase, which did not differ significantly, t(34) = 0.08, p = .933.
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Fig. 5. Example of Portion Size Creation Process: 1) Universal portion volumes created from portions of rice; 2) Digitized those volumes; 3) Used the volumes to
create portions for broccoli (and the other foods).
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Table 3

Appetite 153 (2020) 104741

Correlations between virtual reality food buffet and real-world food buffet food selections.

Variable Unadjusted r Partial r controlling for Hunger State Partial r controlling for BMI, Hunger State, Age and Gender
Total calorie selection .60%* .58%* .59%*

Calories from Low density food .37* .40* 337F

Calories from High density food .50%* 52 53

Total food selection in grams .68%* 67%* 67%*

Grams from Low density food .54%* 57%* .53%*

Grams from High Density food 46%* 51 52

Fat selection in grams .38% .38" 347

Carbohydrate selection in grams 57%* 56%* 57%*

Protein selection in grams .54** 53%* .56%*

Note. BMI = Body Mass Index (Kg/m?). Foods with > 1.5 kcal/g were categorized as high density and those that were <1.5 kcal/g were categorized as low-density

foods. N = 35; *p < .05, **p < .01, fp = .055, {ip = .073, iip = .063.

However as individual participants’ hunger level may still have varied
between the two sessions and hunger levels are likely to influence re-
sponsiveness to food stimuli (Smeets et al., 2019), we chose to control
for hunger in all analyses.

After controlling for participants' hunger level, the nutritional con-
tent between foods selected in VR and RW did not differ for amounts of
Kcals, F(1, 32) = 0.88, p = .353; grams, F(1, 32) = 0.20, p = .655; fat,
F(Q1, 32) = 0.71, p = .406; carbohydrates, F(1, 32) = 0.43, p = .518;
and protein, F(1, 31) = 0.45, p = .508. BMI was not significantly
correlated with participants’ food selections in VR and RW. There were
no gender differences apparent across any of the food selection vari-
ables.

3.2. Correlations between VR and RW buffet selections (validation)

The correlations for participants’ food selection across both VR and
RW sessions are presented in Table 3. All correlations were positive and
significant after controlling for hunger level except for fat selection in
grams, which approached significance at p = .055.

We also performed two sensitivity analyses by computing un-
adjusted correlations and correlations adjusted for additional demo-
graphic variables including BMI, hunger level, gender, and age (see
Table 3). Results were similar in both sensitivity analyses with only two
differences of note. When not adjusting for hunger level, the correlation
of fat selection between the RW and VR sessions became significant.
When adjusting for additional variables, the correlation of calories se-
lected from low energy-dense foods between the RW and VR sessions
approached significance (p = .073).

3.3. User experience

To assess user experience in the VR environment and address the
second aim of the present study, we examined participants’ ratings
(possible range from O to 100) on (a) “How natural was the overall
experience?”; (b) “How much did your final selection represent the
lunch that you would select and eat/drink on an average day?”; and (c)
“How much did your final selection represent the lunch that you would
select and eat/drink if the same selection was available?” in the VR
buffet environment.

Participants’ ratings on the naturalness of their overall experience in
the VR buffet were high (M = 70.97, SD = 20.92) and did not differ
from their rating on the same question about the RW buffet environ-
ment (M = 77.37, SD = 26.13) when controlling for hunger level, F(1,
32) = 0.84, p = .774, indicating that they perceived their VR experi-
ence to be natural. Moreover, the final selections in the VR buffet were
also rated as highly representative of what participants would select
and eat on an average day (M = 84.11, SD = 15.92) and did not differ
from their rating on the same question about the RW buffet environ-
ment (M = 80.34, SD = 18.78), F(1, 32) = 0.03, p = .857. Strikingly,
participants perceived this representativeness to be higher if the exact

same food selection was available (M = 91.29, SD = 11.00), which did
not significantly differ from their rating on the same question about the
RW buffet environment (M = 89.29, SD = 15.39), F(1, 32) = 3.69,
p = .064.

We also performed two sensitivity analyses by conducting un-
adjusted within-subject mean comparisons and comparisons adjusted
for additional demographic variables including BMI, hunger level,
gender, and age. Results were similar in both sensitivity analyses such
that there were no significant differences across VR and RW settings
(see Supplementary Table 2).

4. Discussion

Given the impact that excess weight gain in early adulthood has on
long-term health, a better understanding of food- and eating-related
processes during emerging adulthood can ultimately inform prevention
and intervention efforts to establish healthy weight-related behavioral
patterns across adulthood. However, difficulty in assessing food selec-
tion and related behaviors and their associated outcomes have limited
researchers’ capacity to address such issues. The VR food buffet is an
emerging promising tool for both the measurement and experimenta-
tion of these processes and has potential important clinical implica-
tions.

Our findings provided support for the convergent validity and us-
ability of our VR food buffet as a tool to study food selection. The nu-
tritional content of the foods that participants selected from the VR
buffet when asked to make a lunch meal were positively correlated with
those selected from the RW buffet with regard to the Kcals, grams, fat,
carbohydrates, and protein. These correlations were significant even
after controlling for participants’ hunger state (except for fat selection
in grams). Thus, the types of foods available and the nutritional content
of these foods in the VR buffet appeared to simulate foods that were
selected in the RW food buffets, similar to findings reported by other
food choice assessment and estimation tools in the literature (Bucher
et al., 2012; Bucher & Keller, 2014; Matheson, Hanson, McDonald, &
Robinson, 2002; Persky et al., 2018; Ung et al., 2018).

In previous validation studies, the food selection and related beha-
viors in VR and RW were usually restricted to the same foods and as-
sessed on the same day (usually within minutes) in laboratory settings
(e.g., Persky et al., 2018; Ung et al., 2018). However, the positive
correlations revealed in our study are particularly exciting because they
indicated that the nutritional content of participants’ food selection in
the VR environment was highly related to that of their food selection in
the RW cafeteria, and thus demonstrated convergent validity even
when the foods that were available to the participants varied across both
the VR and RW contexts and when the two meal selections were made
one-week apart. What makes these findings even more promising is that
the significant correlations held even though the foods available for
selection in the RW context varied day-to-day (i.e., the menus in the RW
food buffet differed everyday), and thus, from one participant to
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another. These findings highlight the high ecological validity of our VR
buffet and that behaviors in VR environments may generalize to be-
haviors in RW.

We also assessed the acceptability of the VR environment through
the participants’ perceptions of the VR buffet. Participants generally
rated their overall experience in the VR environment as natural, and not
significantly different from their rating of the naturalness of the RW
buffet experience. Participants also rated their final lunch selections to
be highly representative of what they would select on an average day,
particularly if the same foods were available, as expected. Thus, the
acceptability of the VR environment was supported.

In our study, some of the food items (including entrees) in the RW
cafeteria buffet were served by staff members. Thus, participants could
ask for “more or less” but did not have direct control over the servings
of these items. In contrast, participants selected all foods by themselves
in the VR buffet and had more control over the specific serving sizes.
The significant positive correlations found between the nutritional
content of the meals selected despite these varying conditions further
provided us with confidence in the generalizability of the meal selected
in the VR buffet to RW situations.

4.1. Limitations, implications, and future directions

Several limitations of both the tool and our validation study needs
to be noted. First, the sample size in the present study was small and
should be increased in future research to ensure greater confidence in
these findings. In addition, we examined emerging adults’ food-related
behaviors due to the long-term weight-related behavioral patterns that
arise during this critical developmental period and weight increase
found among college students. However, eating- and food-related be-
haviors (Keel, Baxter, Heatherton, & Joiner, 2007; Vadeboncoeur et al.,
2015) and the familiarity with VR environments (Benoit et al., 2015)
may differ across age groups. Moreover, individuals attending uni-
versity tend to differ from the larger population including regarding
socioeconomic status and ethnicity (Henrich, Heine, & Norenzayan,
2010). Thus, future studies examining these questions in VR should
include samples from other age groups and those not attending uni-
versity.

Although the realism of both the virtual buffet environment and the
3D foods was maximized using photogrammetry and accurate refer-
ences for creating architectural structures and to build detailed food
models and textures, the environment currently does not include po-
tentially important sensory cues, such as scent and haptics, which may
reduce experimental realism (Persky et al., 2018). The functioning of
the VR appears to be adequate without other sensory cues as indicated
by the significant correlations between the two contexts and partici-
pants’ perceptions of its naturalness, but the role of scent and haptic
feedback should be examined in future studies. Moreover, other diners
were present in the RW phase of data collection which may have in-
troduced confounding variables, such as social experience. In addition,
we did not include a measure of social desirability which may influence
the final selections participants chose in VR and RW. Future studies
comparing RW and VR buffets may consider including avatars in the VR
environment to replicate a social presence in the RW and measure so-
cial desirability to examine or control for its effects.

Despite these limitations, our findings indicate that our VR buffet
can be used to study food selection behavior among emerging adults,
which can generalize to their RW behavior. In addition, the ease of
manipulation of the VR buffet environment provides exciting possibi-
lities for the experimental study of the impact of environmental cues
and factors on food choices. Specifically, both psychological (e.g., body
image beliefs) and social factors in the environment can be manipulated
(e.g., including avatars to create a more social experience) in addition
to basic sensory cues (e.g., colors, labeling and sounds) in VR. Priming
experiments that examine the impact of implicit or explicit environ-
mental cues that remind individuals of their weight or cultural
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background, for example, in relation to their food selection could also
be conducted. Most importantly, the VR environment provides an
identical experience for each user reducing variation in food pre-
sentation that may be introduced in real world settings or even la-
boratory studies. Additionally, future studies may be able to take ad-
vantage of movement data within the VR buffet environment to yield
important information about decision making in meal selection (e.g.,
Yaremych et al., 2019).

Another area worth further investigation is the integration of dif-
ferent measurement modalities, which can allow for the identification
of neurological and physiological processes that may underlie or con-
tribute to food-related cognitions and behaviors and inform the devel-
opment of programs to promote better health outcomes. For example,
the use of Functional Near-Infrared Spectroscopy (fNIRS), a neuroi-
maging technique (Cutini, Moro, & Bisconti, 2012), to examine pre-
frontal cortex activity during food selection and the correlates between
this brain activity and food-related decision making in real time can
yield valuable information (Cheah et al., 2019). Moreover, the use of
eye-tracking technology can facilitate the observation of saccadic
movements (mean length and duration) and fixation (localization and
duration) and measure attentional processing of food (Bucher & Keller,
2014; Wang, Cakmak, & Peng, 2018).

VR technology also has the potential to help alleviate risk factors
and sub-clinical problems via prevention and intervention programs.
Therefore, potential uses for our VR buffet environment may exist
within clinical populations such as those with obesity or eating dis-
orders. VR can be a cost-effective tool in both the short- and long-term
as it allows practitioners greater control and manipulation over the
environment and stimuli compared to traditional methods.
Practitioners may be able to manipulate and adapt the virtual en-
vironment to provide immediate feedback during food selection train-
ings for more personalized interventions in the future.

In conclusion, our findings provide preliminary evidence that food
selection in the VR environment generalize to real world food settings
even without the need to match food selections precisely. Additionally,
correlations between selections in the RW and VR food buffets remain
significant even with a substantial time lag (1 week). The findings of
this study provide further evidence regarding the utility of VR as a
promising and validated tool in examining psychological and beha-
vioral food-related processes.
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