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Abstract
Background: Virtual reality (VR) has gained popularity in daily life, and VR food cues seem to elicit food cravings, similar to
real food cues. However, little is known about the impact of VR food cues on actual food intake.
Objective: In real life (RL), exposure to food cues in a situation in which the desire to eat food interferes with the completion
of a food-related task reduces the subsequent food intake (ie, the pre-exposure effect). In this study, we examine, on the one hand,
whether the pre-exposure effect could be replicated in RL and, on the other hand, whether this effect could be extended to VR
contexts.
Methods: The study used a 2 (stimulus type: food vs nonfood) × 2 (mode: VR vs RL) between-subject design (n=175). Participants
were randomly assigned to 1 of the 4 conditions.
Results: We found the main effect of mode on food intake, with a higher food intake after both VR conditions than after RL
conditions (P=.02). In addition, among female participants, we found that exposure to both food cues (ie, VR and RL) resulted
in lower food intake than exposure to both nonfood cues (P=.05). In contrast, this effect was not observed among male participants
(P=.34). Additionally, VR and RL cues generated similar emotional and behavioral responses (eg, arousal and game difficulty).
Conclusions: We were unable to replicate the exposure effect in our complete sample. Subgroup analyses, however, showed
that for women, exposure to food cues (either in VR or in RL) reduces food intake, indicating that a VR pre-exposure procedure
may effectively be applied exclusively for women.
Trial Registration: ClinicalTrials.gov NCT05169996; https://clinicaltrials.gov/ct2/show/NCT05169996
(JMIR Serious Games 2022;10(1):e31747) doi: 10.2196/31747
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Introduction
Background
People are often said to eat with their eyes [1]. It is therefore
not surprising that exposure to tempting foods has been linked
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to overeating and excessive food consumption in the past [2].
However, exposure to food temptations does not necessarily
lead to higher food intake. Research has shown that when people
perform a food-related task (eg, a puzzle-solving task with
tempting candies), prior to being exposed to tempting foods,
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this can actually decrease (rather than increase) food intake [3].
This mechanism, often referred to as the pre-exposure effect,
was first described by Geyskens et al [4] and has since shown
to be effective across cultures [5] and for children [6]. These
diverse applications have made it a promising candidate effect
to be turned into a behavioral change tool. However, the
potential of implementing it as a behavioral change tool is
relatively low because it seems to require real temptations to
be effective [4]. Given that tempting foods may become
perishable after a certain period and that upon being touched,
the food needs to be thrown away, the usage of the pre-exposure
procedure as a behavioral change tool can be costly and
logistically inconvenient.
Recently, technological advances, such as virtual reality (VR),
have made it possible to run the pre-exposure procedure in a
cost-efficient and flexible way. VR can simulate a virtual
environment with tempting food stimuli by delivering
multisensory cues [7], which leads to a strong sense of physical
presence in an immersive environment [8]. In other words, in
the context of computer-generated artificial content, VR has
made it easier for consumers to interact with tempting foods in
an immersive environment. Research in the food domain has
shown that VR food cues elicit similar emotional, psychological,
and behavioral responses as compared to those produced by
real food cues [9-11]. These studies have mainly focused on the
relationship between VR food cues and food cravings, which
is defined as “an intense desire to eat a specific food that is
difficult to resist” [12]. Yet, little is currently known about the
impact of VR food cues on actual food intake. Given that VR
continues to grow in popularity [13], gaining a deeper
understanding of how foods presented in VR could influence
subsequent real food intake is becoming more important.
Therefore, with this study, we seek to shed new light on the
impact of VR on food intake and particularly examine how food
cues can be used to stimulate self-regulation in food intake.

The Pre-exposure Procedure
The pre-exposure procedure is a 2-phase paradigm. In the
original study that identified this procedure, participants in the
experimental condition performed a consumer knowledge task
in which they were asked to associate various wrappers of
candies with the corresponding flavors [4]. In contrast,
participants in the control condition were asked to link various
colors to the corresponding concepts (eg, green with grass).
Following that, participants engaged in a taste test of a similar
tempting food (eg, chocolate candies), which was presented as
a different study. The basic finding of this procedure is that
exposure to physical temptations results in lower subsequent
food intake than exposure to nontemptations. The pre-exposure
procedure has also been replicated with other food-related tasks,
such as a word formation task [14,15] and a puzzle-solving task
[3]. The assumed mechanism accounting for the pre-exposure
effect is that participants experience a behavioral conflict
between food desirability (ie, food cravings) and the engagement
of food-related tasks in the first phase [6]. In other words,
participants engage in self-control efforts to curb food cravings
in this phase [16]. When facing a similar tempting situation in
the second phase (ie, a taste test), these participants exert similar
self-control efforts in response to temptations. Florack et al [17]
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did not replicate the pre-exposure effect, but as their participants
were under 6 years of age, this failure to replicate did not
necessarily rule out the mechanism of coping with behavioral
conflict, as self-control abilities are not fully developed among
younger children [17].
In sum, the first aim of this paper is to replicate the pre-exposure
effect with real food temptations among adults. We posit that
exposure to real tempting food cues decreases subsequent intake
of a similar tempting food as compared to exposure to nonfood
cues. Moreover, the aim of the research is not only to replicate
the pre-exposure effect with real foods but more importantly to
better understand the potential of VR in the pre-exposure
procedure. The next sections will focus on the extension of the
pre-exposure effect to VR contexts.

Responses to VR Food Cues
There is a large body of research on how consumers respond to
food cues in VR. Prior research has shown that VR food cues
can produce emotional (eg, anxiety and arousal) or behavioral
(eg, product selection) responses similar to those observed in
real-life (RL) contexts [10,11,18,19]. Previous research has also
focused on the relationship between VR food cues and food
cravings [7,12,20-22]. For instance, food cravings triggered by
VR food cues were significantly higher than those produced by
VR neutral cues (ie, as a baseline condition) but were lower
than those produced by real food [7]. In a similar vein, exposure
to food cues induced stronger food cravings than exposure to
nonfood cues in both VR and RL contexts; note that the
difference was weaker in VR conditions than in RL conditions
[22]. Additionally, exposure to hedonic food cues (eg, pizza)
provoked high levels of food cravings than exposure to
utilitarian food cues (eg, salad) in VR contexts [12,21]. The
latter findings seem relevant to this research because the
pre-exposure procedure has primarily focused on the intake of
hedonic food. It should be noted that prior research mainly
focused on the effect of VR cues on food cravings instead of
food intake. To the best of our knowledge, only 1 study
investigated how VR food cues affect food intake [23]; however,
the authors focused on the difference in food intake between
different eating environments (restaurant vs common room).
This research fills this gap by examining the effect of food cues
on food intake in both VR and RL contexts.
Overall, the prior literature suggests that consumers’ emotional
and behavioral responses in food-related VR contexts are similar
(albeit weaker) to those in the RL [7,22]. In addition, VR-based
food cues can produce higher levels of food cravings than
VR-based nonfood cues. As mentioned earlier, an important
assumption of the observed pre-exposure effect is that the food
presented in the pre-exposure phase should be tempting and
elicit a desire to eat. Only if the food is tempting will the desire
to eat the tempting food interfere with the completion of a
food-related task in RL contexts, which further reduces
subsequent food intake. Could food cravings triggered by VR
food cues produce a similar effect? The prior literature suggests
that foods presented in VR are sufficiently lifelike to elicit such
feelings of craving [22]. Therefore, we expect that the
pre-exposure effect could be observed in the VR contexts as
well.
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In sum, although there is a burgeoning body of research that
focuses on how VR affects food cravings, marketers and
researchers are struggling to fully understand the impact of VR
on eating behaviors (eg, food intake). It is important to note that
our research focuses on the actual food intake (instead of food
cravings) after interacting with food or nonfood cues in both
VR and RL contexts. For the application in the VR context, we
designed a task context where people could interact with the
food in VR. To validate that this procedure could be used to
trigger the pre-exposure effect, we tested it both in an RL and
in a VR context. We assume that participants’ behavior in the
VR context will be similar to their behavior after exposure to
physical food temptations. In addition, prior research has shown
that passive exposure to VR food cues induces high levels of
food cravings as compared to VR nonfood cues [22]. Therefore,
we assume that food cravings induced by VR food cues interfere
with the completion of a food-related task (ie, puzzle game) in
the exposure phase. Together, we expect that interaction with
VR food cues in a pre-exposure paradigm decreases subsequent
intake of a similar tempting food as compared to exposure to
VR nonfood cues.

game and a taste test. First, they were asked to finish a tangram
(puzzle game) with either food products (ie, pieces of chocolate)
or nonfood products (ie, pieces of wood), either in VR or in RL
(depending on their condition). Following that, they were asked
to participate in a taste test of chocolate candies. Given the taste
test, it was required that the participants were not allergic to
peanuts (self-reported). Finally, they completed a questionnaire
measuring game experiences (ie, entertainment and difficulty
of the puzzle game) and emotional responses (ie, arousal and
valence). We also measured the attractiveness of chocolate and
the desire to eat chocolate for participants in the food cues
condition (both VR and RL contexts). Participants also reported
their demographic data (eg, age and gender) and data on height
and weight. In addition, participants’ hunger levels and the
completion time of the puzzle game were measured as
covariates. After all measurements, the participants were thanked
for their participation and debriefed on the fact that both studies
were related. Note that the groups that were in the RL conditions
also got an opportunity to play the VR game at the end of the
procedure after all measurements (as the study was advertised
as a study involving VR and the participants were told in the
factsheet that they would engage in a VR game during
participation).

Methods

Stimulus Materials

Design and Participants

An immersive VR game was developed with a gameplay based
on the pre-exposure effect. The game is played by wearing a
head-mounted display VR (HMD-VR; HTC Vive) instrument
and players can interact in the virtual environment with handheld
controllers in the lab. The task in the game is to finish a tangram
puzzle. Two versions of the game were developed, one in which
the tangram pieces were tempting food products (ie, pieces of
chocolate) and the other in which the tangram pieces were plain
pieces (see Figure 1). Players have to physically move the
tangram pieces with the grab button on the controller and put
them together. In total, participants were asked to complete 3
levels: in each of the levels, they had to puzzle a particular shape
(eg, cat, house, and dog). A regular wooden tangram game was
used in the nonfood product, non-VR condition, while pieces
of real chocolate were used in the food product, non-VR
condition (Multimedia Appendix 1). Chocolate is generally seen
as a highly tempting food and can elicit a desire to eat [4,6,16].
In addition, VR chocolates elicit stronger food cravings than
VR nonfood [22]. A conceptually similar task (forming a word
with gummy bears) was shown to be effective for inducing the
pre-exposure effect [14].

Aims of This Study

This study used a 2 (stimulus type: food vs nonfood) × 2 (mode:
VR vs RL) between-subject design. Participants were randomly
assigned to 1 of the 4 conditions. A total of 218 participants
(18-30 years old) were recruited with flyers and posters from a
large Western European university. Participants received course
credits or €7.50 for participation. This study was approved by
the university ethical committee of the institution (file no.
2018-PC-9033) where the corresponding author was employed
at the time of data collection. All participants provided written
informed consent. In addition to the 4 conditions reported in
this paper (n=175), an additional condition (branded VR, n=43)
was collected with the aim to investigate the effect of brands
presented in VR on brand memory and purchase intention, and
the results are reported elsewhere [24,25].

Procedure
Participants were asked to refrain from eating 2 hours before
the study. After entering the laboratory, participants were told
that they were participating in 2 unrelated studies: a puzzle
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Figure 1. Screenshot of VR puzzle game with chocolate (left panel; VR food condition) and wooden (right panel; VR nonfood condition) puzzle pieces.
Participants could pick up puzzle pieces with the controller and place them in the outline in front of them.

Measures
Food Intake
In the taste test, participants were presented with 2 bowls of
chocolate, one with chocolate-covered peanuts from the brand
M&M’s and the other with private label chocolate-covered
peanuts. Participants were instructed to taste at least 1 of each
bowl and were allowed to eat as much of the chocolate as needed
to evaluate the products on several dimensions (eg, “Are they
crunchy” and “Do they have an intense flavor?”). Food intake
was measured by weighing the bowls before and after the test.
The participants were left alone in the lab for 5 minutes during
the taste test to avoid socially desirable behavior. The
distribution of food intake was skewed, so we transformed the
food intake with a logarithmic format.

Game Experiences
We measured the perceived entertainment and difficulty of
puzzle games as indicators of game experiences. Specifically,
the perceived entertainment was measured with 4 items (eg,
“Playing the game has been exciting” and “I have had fun
playing the game”) on a 7-point scale [26]. The perceived
difficulty was measured with 4 items (eg, “To what extent did
you find the game easy” and “How well do you think you
performed in the game”) on a 7-point scale. In the study, both
measures were reliable (entertainment: Cronbach α=.86;
difficulty: Cronbach α=.71).

Emotional Responses
To assess whether emotional responses induced in VR contexts
were similar to those generated in RL contexts, we measured
arousal and valence using the Self-Assessment Manikin (SAM)
scale [27]. The SAM scale was designed to measure the
emotional state with a row of 5 nonverbal and graphic manikins
that differ in levels of 2 affective dimensions (eg, valence and
arousal). For the valence measure, the SAM scale ranges from
https://games.jmir.org/2022/1/e31747
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a happy and smiling figure to an unhappy and frowning figure.
For the arousal measure, the SAM scale ranges from an excited
figure to a relaxed figure. Participants can indicate their current
emotional state on any of the 5 figures or between any 2 figures.
In other words, participants were asked to report their emotional
state after playing the puzzle game on a 9-point scale.

The Appeal of Tempting Foods
In the food cues condition, we also measured the appeal of food.
Specifically, the attractiveness was measured with a single item
(ie, “How appealing was the chocolate you saw while playing
the game?”) on a visual analog scale (VAS) ranging from 0
(“not at all”) to 100 (“a whole lot”). Similarly, the desire to eat
chocolate was measured with a single item (ie, “How much did
you feel like eating the chocolate?”) on a 7-point scale ranging
from 1 (“not at all”) to 7 (“a whole lot”). The 2 measures were
correlated with each other (r=0.75, P<.001).

Results
Data Cleaning
Data from 13 participants were excluded from analysis because
of nonconforming to the study tasks (ie, refusing to eat or to eat
less than 2 chocolate-covered peanuts [4 g] in the bogus taste
task, n=4), impossible values (ie, eating more than 200 g of
chocolate-covered peanuts in the bogus taste task, n=1),
reporting a low preference for chocolate (ie, a score of 2 or less
on a 7-point scale ranging from 1 for “not at all” to 7 for “a lot”
for the question “How much do you like chocolate?”, n=7), or
spontaneous mention of not liking the peanut M&M’s (n=1).
The final sample consisted of 162 adults (118 [72.8%] females,
44 [27.2%] males) with a mean age of 22.4 years (SD 4.1) and
a mean body mass index (BMI) of 21.9 kg/m2 (SD 2.7). Table
1 presents the characteristics of participants for the 4 conditions;
the conditions did not differ significantly on any of the
characteristics.
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Table 1. Characteristics of the study population (N=162).
Characteristic

Real food (n=42)

Real nonfood (n=41) Virtual food (n=40)

Virtual nonfood (n=39) Difference between conditions

Age (years), mean
(SD)

22.55 (5.11)

22.16 (3.30)

22.13 (4.46)

22.54 (3.50)

F3,158=0.092, P=.97

BMIa (kg/m2), mean
(SD)

21.72 (2.58)

22.46 (3.53)

21.50 (1.98)

22.10 (2.35)

F3,158=1.010, P=.39

Female participants,
%

81.0

78.1

70.0

61.5

χ23=4.612, P=.20

Weight concernsb,
mean (SD)

5.23 (2.22)

5.13 (2.03)

5.43 (2.31)

5.51 (2.13)

F3,158=0.240, P=.87

Chocolate prefer-

6.07 (1.00)

5.66 (1.35)

5.80 (1.29)

5.77 (1.33)

F3,158=0.823, P=.48

51.10 (23.29)

52.13 (25.21)

56.78 (25.38)

52.80 (23.28)

F3,157=0.423, P=.74

203.08 (148.70)

189.80 (136.39)

175.54 (120.85)

F3, 157=.754, P=.52

encec, mean (SD)
Hungerd, mean (SD)

Time since last intake 164.86 (72.09)
(minutes), mean (SD)
a

BMI: body mass index.

b

The question “To what extent are you concerned with your weight?” answered on a 9-point scale ranging from 1 (“not at all”) to 9 (“completely”).

c

The question “How much do you like chocolate?” answered on a 9-point scale ranging from 1 (“not at all”) to 7 (“a lot”).

d

The question “How hungry are you right now?” answered on a visual analog scale (VAS) scale ranging from 0 (“not hungry at all”) to 100 (“very
hungry”).

Randomization Check
We conducted a randomization check to test whether the sample
was distributed equally across conditions (see Table 1). We
compared the difference between different conditions on age
(F3,158=0.092, P=.97), gender (χ23=4.612, P=.20), BMI
(F3,158=1.010, P=.39), weight concerns (F3,158=0.240, P=.87),
chocolate preference (F3,158=0.823, P=.48), hunger
(F3,157=0.423, P=.74), and time since last intake (F3,157=0.754,
P=.52). These results indicate that our randomization was
successful.

Effects of Stimulus Type and Mode of Pre-exposure
on Food Intake
ANOVA with stimulus type (food vs nonfood) and mode (VR
vs RL) as independent variables and food intake (natural log
transformed) as the dependent variable was performed. No
significant main effect of stimulus type was found (F1,158=2.234,
P=.14, partial η2=0.014). A main effect of mode was found
(F1,158=5.556, P=.02, partial η2=0.034). Food intake (g) was
higher in the VR condition (log-transformed M=3.202, SD
0.564; inverse-log-transformed M=24.581, SD 1.758) than in
the RL condition (log-transformed M=2.990, SD 0.580;
inverse-log-transformed M=19.886, SD 1.786). The interaction
between stimulus type and mode was not significant
(F1,158=0.004, P=.95, partial η2<0.001). R2 of the complete
model was 0.047 (adjusted R2=0.029); we also performed an
analysis controlling for the hunger level, liking of chocolate
candies, and time since the last intake as covariates, and the
significant level of the main effects was not substantially
different.

Effects of Stimulus Type and Mode of Pre-exposure
on Food Intake Separated by Gender
As previous studies have shown that pre-exposure effects are
in some instances specific to males [15] or females [6], we
explored this factor in this study as well. We tested the effect
of stimulus type and mode of pre-exposure on food intake for
females and males, respectively.

Females
ANOVA with stimulus type (food vs nonfood) and mode (VR
vs RL) as independent variables and food intake (natural log
transformed) as the dependent variable was performed. A
significant main effect of stimulus type was found (F1,114=3.986,
P=.05, partial η2=0.034). Food intake (g) was higher in the
nonfood condition (log-transformed M=3.108, SD 0.530;
inverse-log-transformed M=22.376, SD 1.699) compared to the
food condition (log-transformed M=2.902, SD 0.595;
inverse-log-transformed M=18.211, SD 0.813). A main effect
of mode was found (F1,114=4.478, P=.04, partial η2=0.038).
Food intake (g) was higher in the VR condition (log-transformed
M=3.121, SD 0.568; inverse-log-transformed M=22.669, SD
1.765) than in the RL condition (log-transformed M=2.904, SD
0.562; inverse-log-transformed M=18.247, SD 1.754). The
interaction between stimulus type and mode was not significant
(F1,114=0.052, P=.82, partial η2<0.001). R2 of the complete
model was 0.070 (adjusted R2=0.045).

Males
ANOVA with stimulus type (food vs nonfood) and mode (VR
vs RL) as independent variables and food intake (natural log
transformed) as the dependent variable was performed. No
significant main effect of stimulus type was found (F1,40=0.947,
P=.34, partial η2=0.023). No significant main effect of mode
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was found (F1,40=0.025, P=.87, partial η2=0.001). The
interaction between stimulus type and mode was not significant
(F1,40=0.927, P=.34, partial η2=0.023). R2 of the complete model
2

was 0.038 (adjusted R =–0.034).

Effects of Stimulus Type and Mode of Pre-exposure
on Indicators of Game Experience (Entertainment,
Difficulty)
To test whether the game experience produced by VR cues was
similar to that produced by RL cues, ANOVA with stimulus
type (food vs nonfood) and mode (VR vs RL) as independent
variables and entertainment as the dependent variable was
performed. No significant main effect of stimulus type was
found (F1,158=0.001, P=.98, partial η2<0.001). No main effect
of mode was found (F1,158=0.045, P=.83, partial η2<0.001). The
interaction between stimulus type and mode was not significant
(F1,158<0.001, P=.99, partial η2<0.001). R2 of the complete
model was <0.001 (adjusted R2=0.019).
ANOVA with stimulus type (food vs nonfood) and mode (VR
vs RL) as independent variables and difficulty as the dependent
variable was performed. No significant main effect of stimulus
type was found (F1,158=1.588, P=.21, partial η2=0.010). No
main effect of mode was found (F1,158=0.398, P=.53, partial
η2=0.003). The interaction between stimulus type and mode
was not significant (F1,158=2.952, P=.09, partial η2=0.018). R2
of the complete model was 0.031 (adjusted R2=0.012).

Effects of Stimulus Type and Mode of Pre-exposure
on Emotions (Valence, Arousal)
To test whether emotional responses produced by VR cues are
similar to those produced by RL cues, ANOVA with stimulus
type (food vs nonfood) and mode (VR vs RL) as independent
variables and valence as the dependent variable was performed.
No significant main effect of stimulus type was found
(F1,158=0.791, P=.38, partial η2=0.005). No main effect of mode

Liu et al

Effect of Mode (VR vs RL) on Food Attractiveness and
Desire to Eat
To test whether food cravings produced by VR food cues are
similar to those produced by real food, ANOVA with mode
(VR vs RL) as the independent variable and chocolate
attractiveness (answer to “How appealing was the chocolate
you saw in the game?”) as the dependent variable was
performed. Note that we only used half of the data set for
subsequent analyses because only half of the participants were
exposed to food cues. No main effect of mode was found
(F1,79=1.122, P=.29, partial η2=0.014). R2 of the model was
0.014 (adjusted R2=0.002).
ANOVA with mode (VR vs RL) as the independent variable
and the desire to eat chocolate (answer to “How much did you
feel like eating the chocolate?”) as the dependent variable was
performed. No main effect of mode was found (F1,79=2.607,
P=.11, partial η2=0.033). R2 of the model was 0.033 (adjusted
R2=0.020).

Exploratory Analysis
In this study, we also measured the completion time of the
puzzle game. To test whether participants spent a similar amount
of time in completing the puzzle game between VR and RL
contexts, ANOVA with stimulus type (food vs nonfood) and
mode (VR vs RL) as independent variables and completion time
as the dependent variable was performed. As shown in Figure
2, a significant main effect of stimulus type was found
(F1,158=6.040, P=.02, partial η2=0.037). The completion time
was longer in the nonfood condition (M=274.088, SD 168.764)
compared to the food condition (M=222.110, SD 92.864). A
main effect of mode was found (F1,158=5.930, P=.02, partial
η2=0.036). The completion time (seconds) was longer in the
RL condition (M=271.759, SD 179.864) than in the VR
condition (M=222.582, SD 62.765). The interaction between
stimulus type and mode was also significant (F1,158=9.482,

η2=0.001). The interaction between stimulus type and mode
was not significant (F1,158=0.119, P=.73, partial η2=0.001). R2

P=.002, partial η2=0.057). Simple contrasts revealed that when
in RL mode, the completion time was longer in the nonfood
condition (F1,158=15.713, P<.001; M=329.220, SD 215.684)
than in the food condition (M=215.667, SD 113.105). However,
in VR mode, there was no significant difference in the
completion time between the 2 conditions (Mnonfood=216.128,
SD 59.299 vs Mfood=228.875, SD 66.109; F1,158=0.188, P=.67).
Additionally, simple contrasts revealed that when the stimulus
type was nonfood, the completion time was longer in the RL
condition (F1,158=15.016, P<.001; M=329.220, SD 215.684)
than in the VR condition (M=216.128, SD 52.299). However,
when the stimulus type was food, there was no significant
difference in the completion time between the 2 conditions
(MVR=228.875, SD 66.109 vs MRL=215.667, SD 113.105;

of the complete model was 0.007 (adjusted R2=–0.012).

F1,158=0.210, P=.65). R2 of the complete model was 0.120

was found (F1,158=0.281, P=.60, partial η2=0.002). The
interaction between stimulus type and mode was not significant
(F1,158=0.849, P=.36, partial η2=0.005). R2 of the complete
model was 0.012 (adjusted R2=–0.007).
ANOVA with stimulus type (food vs nonfood) and mode (VR
vs RL) as independent variables and arousal as the dependent
variable was performed. No significant main effect of stimulus
type was found (F1,158=0.826, P=.37, partial η2=0.005). No
main effect of mode was found (F1,158=0.187, P=.67, partial

(adjusted R2=0.104).
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Figure 2. The interaction between stimulus type and mode on the completion time.

Discussion
Principal Results
Due to the rising popularity of VR in our daily life, it is
necessary to better understand how VR food cues affect
consumers’ eating behavior (eg, food intake). However, prior
research has mainly focused on the impact of VR food cues on
food cravings [7,12,20,21]. In this study, we examined the effect
of interaction with food cues (vs nonfood cues) on subsequent
food intake in both VR and RL contexts, with the aim to
replicate the pre-exposure effect and to extend this effect to VR
contexts.
Unexpectedly, we found that the main effect of mode (VR vs
RL) on food intake is significant. Specifically, we found a higher
food intake after both VR conditions (puzzle game in VR with
either food or nonfood cues) than after RL conditions. A possible
explanation could be that playing a game in VR is arousing and
that arousal leads to increased food intake. There is ample
evidence that arousal may lead to increased food intake [28].
However, it should be noted that in this study, there was no
significant difference in self-reported arousal between VR and
RL conditions. In contrast, there is also some evidence that
playing games may decrease food cravings [29], possibly
because playing games distracts from feelings of hunger and
craving. Given the unexpected nature of this finding, it is
important that this be replicated.
We did not replicate the pre-exposure effect in the full sample.
In addition, there was no interaction effect between stimulus
type (food vs nonfood) and mode (VR vs RL) on food intake
in the full sample. Prior studies have shown that pre-exposure
effects are in some instances specific to males [15] or females
[6]. Therefore, we examined whether our results were contingent
on gender. In the male sample, 2-way ANOVA did not reveal
https://games.jmir.org/2022/1/e31747
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any significant effects. In the female sample, however, we found
that exposure to both food cues (puzzle game with food cues
with either VR or RL) decreased food intake than exposure to
nonfood cues. This is in line with one of the prior studies on
the pre-exposure effect [6]. We found that females reported a
higher chocolate preference (ie, liking for chocolates) than
males, which suggests that females may be more tempted by
chocolates than males; liking for chocolates was Mfemale=6.000
(SD 1.147) versus Mmale=5.364 (SD 1.382), with F1,160=8.792
and P=.003. Consequently, given that tempting chocolates may
induce a behavioral conflict between the desire to eat and the
completion of a food-related task among females, we observed
the pre-exposure effect. In contrast, chocolates may not have
been sufficiently tempting for males, therefore resulting in a
lack of behavioral conflict and activation of control processes
in males.
Moreover, we found that emotional and behavioral responses
(eg, valence, arousal, entertainment, and difficulty) induced by
VR cues are similar to those generated by RL cues. This
suggests that there were no additional confounders between the
conditions. In addition, this study showed that exposure to VR
food cues elicits similar food evaluations (ie, attractiveness and
a desire to eat) compared to exposure to RL food cues. Given
that the appeal of food (measured in this study) was similar to
food cravings (measured in prior studies), this study does not
provide evidence that VR food cues induce weaker food cravings
compared to RL food cues [7,22]. In the study by Ledoux et al
[7], the impact of VR food cues (vs RL food cues) on food
cravings was examined among nondieting women. This study
conducted this investigation with a more general sample
including both males and females, as well as both dieting and
nondieting individuals. However, a more general sample was
also used in the study by van der Waal et al [22]. We speculate
that individual differences (eg, gender, age, and eating/dieting
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habits) may moderate the effect of VR food cues on food
cravings. This needs further investigation with a more diverse
sample before firm conclusions can be drawn.

Limitations and Future Research
Although this study provides useful insights into the impact of
VR cues on food intake, 3 limitations should be considered.
First, in this research, we found that manipulation affects the
completion (exposure) time of puzzle games. Specifically,
participants spent more time completing puzzle games in
nonfood or RL conditions as compared to food or VR conditions.
We tried to replicate the pre-exposure effect in RL contexts;
however, the completion time was longer in the nonfood
condition (around 5.5 minutes) than in the food condition
(around 3.5 minutes). Prior research on the pre-exposure effect
used a consumer knowledge task [4], a puzzle-solving task [3],
or a word formation task [14]. In the puzzle-solving task (a total
of 8 puzzles), participants were instructed to solve each puzzle
within a time limit (40 seconds) in both food and nonfood
conditions, indicating that the total exposure time (around 5.5
minutes) was the same between the two conditions. In addition,
in the word formation task, both groups (candies vs foams) were
instructed to complete the task in an allocated time of 4 minutes
[14]. In other words, prior studies have revealed that an exposure
period of 4-6 minutes may be necessary for the pre-exposure
effect to occur after exposure to RL food cues. In addition,
building on prior studies on the pre-exposure effect, there was
no difference in the completion (exposure) time between food
and nonfood conditions. In this study, therefore, we speculate
that the time difference between the 2 conditions (food vs
nonfood) and the insufficient exposure time in the food condition
may account for the inability to replicate the pre-exposure effect
in RL contexts. To rule out the impact of the completion
(exposure) time, follow-up studies should allocate a fixed time
duration in the exposure phase.
Second, this research used the pre-exposure paradigm (eg, a
puzzle game and a taste test) to examine the effect of VR cues
on food intake. Both tasks are more specific to laboratory
contexts. Until now, we are not clear whether the pre-exposure
procedure still works well outside laboratory contexts. Given
the unlimited possibility of creating various eating environments
with HMD-VR, future research could examine how VR affects
food intake in different situations. Prior research on VR food
cues focused on some daily environments, such as living rooms,
kitchens, and restaurants. For instance, there was no significant
difference in food intake between the restaurant scene and the
blank scene in VR environments [23]. However, that study did
not introduce the pre-exposure paradigm. Consumers’ eating
behaviors may be different between laboratory and RL contexts
[23]. In a laboratory context, participants may feel that their
eating behaviors are being observed and then behave differently
as compared to their typical eating habits in RL environments

Liu et al
[30]. VR can be used to recreate any eating environment similar
to RL situations; thus, to generalize the pre-exposure effect,
future studies could examine the pre-exposure procedure in VR
cinema or a VR cafeteria.
Third, in this study, we exclusively used confectionery food
products when manipulating pre-exposure (ie, chocolate) and
when measuring food intake (ie, grams of M&M’s). Both
products belong to the same food category, which warrants
caution with generalizing our results across all food products.
Concretely, individual differences in perceptions of how
appealing the stimulus food was, as well as strong preferences
in particular brands of confectionery food products, could have
affected food intake (at least) on the individual level. To rule
out any potential product-specific bias, future studies could
consider incorporating different or various food categories to
manipulate pre-exposure as well as to measure food intake.

Theoretical and Practical Implications
Our findings contribute to 2 streams of literature: the
pre-exposure procedure and the responses to VR food cues.
Although prior research on the pre-exposure procedure has
studied how food cues versus nonfood cues affect the subsequent
intake of tempting foods in RL contexts [3,4,15], our research
goes further by also exploring the role of VR in the pre-exposure
procedure. Despite not replicating the pre-exposure effect in
VR, our study did show that exposure to cues in VR, generally,
leads to higher food intake than exposure to cues in RL. This
seems particularly important for health practitioners developing
(food-related) VR interventions, who should consider that the
mere act of being in VR may elevate food intake, at least directly
after the experience.
Furthermore, our research extends the VR food cues literature
by examining the impact of VR on actual food intake, instead
of food cravings, considering that actual food intake is critical
to understanding whether VR food cues increase or decrease
subsequent intake of tempting foods in more naturalistic settings.
In addition, in line with prior research on the effects of VR food
cues on eating behavior–related outcomes [9,10], the findings
of this research offer additional insights into the similarity
between VR food cues and RL food cues.

Conclusion
Overall, in this study, we were unable to replicate the exposure
effect in our complete sample. Subgroup analyses, however,
showed that for women, exposure to food cues (either in VR or
in RL) does reduce food intake, indicating that a VR
pre-exposure procedure may effectively be applied exclusively
for women. Moreover, we found that exposure to cues in VR
(either food or nonfood) results in a higher overall food intake
as compared to exposure to cues in a similar RL setting. Finally,
we demonstrated that VR and RL cues elicit similar emotional
responses (eg, arousal and valence).
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