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Olfactory Perception and Presence in
a Virtual Reality Food Environment
Susan Persky* and Alexander P. Dolwick

Social and Behavioral Research Branch, National Human Genome Research Institute, Bethesda, MD, United States

Virtual reality (VR)’s effectiveness as a medium for training, education, research, and

entertainment, is based in large part on the fact that users can be deeply immersed and

feel present within virtual environments. Olfaction has received less attention regarding

its ability to add realism to VR environments. It is important to investigate under which

circumstances olfactory stimuli are likely to add to user experience and help achieve

the goals of VR applications. This study examined the role of scent in a VR-based buffet

restaurant environment. French fry scented oil was administered while participants made

a plate of food in the VR Buffet. Participants were asked afterwards to report on smells

they perceived. Only 18% of participants perceived the olfactory stimulus, 78% of whom

correctly identified it. Perceiving the olfactory stimulus was associated with higher levels

of presence in the VR Buffet. Correctly identifying the olfactory stimulus was associated

with heightened presence and increased likelihood of choosing french fries from the VR

Buffet. These results demonstrate the potential for variability in scent perception and

related user experience in VR. Additionally, this study highlights a need for future research

into factors that underlie and moderate olfactory perception in VR environments.
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INTRODUCTION

Virtual reality (VR) is quickly evolving as a valuable tool for training, education, research,
entertainment, and other applications (Parsons et al., 2017; Kyaw et al., 2019; Persky and Lewis,
2019; Checa and Bustillo, 2020). The bedrock of VR’s effectiveness is the fact that users can
be immersed in virtual environments as if they were real, such that experiences and behaviors
learned in VR transfer into real-world contexts (Blascovich et al., 2002). Presence, or the
psychological experience of existing within the VR environment, is the conceptual mediator
through which many VR applications are typically believed to achieve these successes (Slater
and Wilbur, 1997). VR developers most often focus on the visual and auditory aspects of
the simulated environment. Accordingly, this is where much of the research literature lies,
evaluating the role of elements such as visual richness, stereoscopic vision, image quality, and
sound quality in evoking presence (Schubert et al., 1999; Cummings and Bailenson, 2016).
In some contexts, however, other senses are likely to be important for creating realistic and
holistic VR settings. Olfaction has received less attention in regard to its ability to add
realism to VR environments, although there are many potential benefits of including this
sense in VR simulations (Spence et al., 2017). Certainly, olfaction is influential in real-world
experiences (e.g., food, place memory) (Willander and Larsson, 2007; Zoon et al., 2016).
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Existing studies on the subject have shown olfaction to be
influential in VR experience as well. Most notably, scent
stimuli have been shown to increase participants’ sense of
presence in many, but not all, VR environments. For example,
participants self-reported greater presence in VR environments
designed for exposure therapy when administered relevant
olfactory stimuli; in another case, the scent of basil enhanced
presence for participants immersed in a 360 video showing
street vendors in a public square (Munyan et al., 2016;
Narciso et al., 2020). Evidence from a virtual environment
exploring the four seasons suggested that the addition of an
olfactory component increased user presence (Ranasinghe et al.,
2018). In other work, an unpleasant odor paired with a VR-
based kitchen scene increased presence while a pleasant scent
did not (Baus and Bouchard, 2017); a follow-up study with
slightly different visual VR stimuli found that both pleasant
and unpleasant odors increased the sense of reality but that
neither had any significant effect on presence (Baus et al.,
2019). Dinh et al. (1999) did not find a significant effect of
an olfactory stimulus on presence; however, they demonstrated
that providing a localized coffee scent improved recall for
the location of the scent’s source. Similarly, Egan et al.
(2017) found that wood, coffee, and gunpowder scents did
not increase immersion when presented alongside relevant VR
audiovisual stimuli. Scent exposure can also influence cognition
and behavior during or after VR use. For example, de Groot
et al. (2020) found that participants exposed to a cleaning-
related smell exhibited more motivated cleaning behavior in VR;
Li and Bailenson (2018) demonstrated that participants who
experienced a virtual donut alongside olfactory cues exhibited a
satiation effect.

Olfaction is not routinely integrated into VR environments;
however, dedicated hardware tools are emerging to make this
possible. It is important to conduct research to understand
under which specific circumstances olfactory stimuli are likely
to add to user experience and help achieve the goals of a
VR application. For this analysis, we consider data from a
larger research trial related to parents’ food choices for their
child in a VR-based buffet restaurant environment (Persky
et al., 2018). This is a setting where olfactory cues are typically
present in the real world and where these smells might be
expected to influence individual behavior (Ramaekers et al.,
2014). Prior to beginning this study, administration of the
olfactory stimulus was extensively pilot tested. The research team
perceived that experiential levels of the stimulus were very high,
and pilot participants who were not situated in VR noticed the
scent. However, as we began collecting data from participants
using VR, we anecdotally observed that scent was infrequently
remarked upon. As such, we conducted the current analysis
to assess olfactory perception in the larger research trial. The
overriding goal was to evaluate whether and for whom the
use of scent was impactful within this context: the use of a
single ambient scent within a food-oriented VR environment
wherein participants were not specifically alerted to the presence
of an olfactory stimulus. Findings on this front have been
mixed in previous research (Baus and Bouchard, 2017). We
anticipate that this question would be of interest to researchers

and others who wish to immerse users in a food-oriented
VR simulation without making scent a centerpiece or a focus
of inquiry.

Research questions for this analysis are therefore as follows.
First, were participants who reported perceiving the olfactory
stimulus able to correctly identify it? This would indicate
conscious awareness of the stimulus. Second, what participant
and contextual factors were associated with perception of the
olfactory stimulus? Along with presence in the VR environment,
which has been demonstrated in previous studies, we also explore
participant variables (gender, age, motion sickness propensity),
as well as behavior within the VR environment (choice of
associated food).

METHODS

Participants
Participants included 190 parents with a 3–7 year-old biological
child with no major food allergies to VR Buffet items, diet-related
health conditions, developmental delays, or dietary restrictions
that would limit ability to eat most foods on the VR buffet.
Participants were recruited from the metropolitan Washington,
D.C., area and were compensated $90 for completing all parts
of the study. Inclusion criteria included self-reported overweight,
some responsibility for child feeding, and the ability to read and
write in English. Exclusion criteria included having a vestibular
or seizure disorder, high propensity for motion sickness, known
pregnancy, uncorrected poor vision or hearing, past or current
eating disorder, or previous participation of another household
member or another biological parent of the relevant child
in the study. Recruitment was stratified to ensure an equal
representation of mothers and fathers. Recruitment methods
included posting advertisements in social and traditional media,
posting flyers, and word-of-mouth. This study was approved by
the IRB of the National Human Genome Research Institute.

Measures
Data were collected as part of a larger experimental trial (Persky
et al., in press). The experimental conditions included provision
of genetic information (presence vs. absence) and provision of
family environment information (presence vs. absence). The
experimental conditions were not expected to influence the
outcomes of the present study and thus were only assessed as
covariates in regression models.

We used a single item to assess whether participants smelled
the olfactory stimulus. The wording for this item was: “I smelled
food in the virtual buffet” with a 1–5 response scale where
1= strongly disagree and 5= strongly agree. Due to the bimodal
nature of responses on this item, we binned responses into 0 =

did not smell the stimulus (consisting of response options 1–3 on
the original scale), and 1 = did smell the stimulus (consisting of
response options 4–5 on the original scale).

We then asked participants to identify the smell with the
following free-response item: “What did you smell?” Although
the stimulus oil was sold with the label “french fries” (see
Materials section), researchers noted that fried foods, fast food,
or chicken would also be a good match for the character of the
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odor. These responses were all counted as correctly identifying
the smell.

Potential correlates assessed in analyses included
demographics (participant age, gender) which were collected
at screening and pre-test. We assessed participants’ propensity
for motion sickness and included this as a proxy for possible
discomfort in the environment. This was assessed at screening
with the following item: “How easily would you say that you
get motion or car sickness on a scale of 1 to 7 where 1 would be
that you never get motion sick?” Those participants who rated
themselves a 6 or 7 were ineligible for the study. As such, the
range of scores for participants in this study is from 1 to 5. We
assessed self-reported presence using a 5-item scale (Fox et al.,
2009). A sample item is: “To what extent were you involved in
the virtual world?,” with response options ranging from 1 =

not at all to 5 = extremely (see Supplement 1). Item responses
were averaged. Finally, we included a binary variable indicating
whether or not participants chose any servings of french fries
from the virtual buffet (i.e., the food that most closely matched
the smell stimulus) according to data collected automatically by
the VR system.

Materials
The VR Buffet is a VR environment designed to assess parental
food choice behavior for their child (Figure 1). It is described in
detail elsewhere (Persky et al., 2018). In this study, participants
used a standard HTC Vive headset with two controllers to
experience content. We used the standard auditory stimuli
that accompany the environment (sounds paired with actions
in the buffet and a field recording of restaurant noises). The
olfactory stimulus was administered using two nebulizing scent
diffusers (Aeromini Delux by AromaTech Inc.) on one end of
the room (Figures 2, 3). Between the diffusers was a fan which
distributed the smell in the direction of users so that the olfactory
stimulus could be smelled as users moved around the room. After
extensive pilot testing, we chose to administer the scented oil
continuously on the highest setting for ∼45 s at the beginning
of the VR environment usage during the voiceover instruction
period to give it time to disperse. The fragrance oil used was
“french fries” from saveonscents.com, at standard concentration.
We chose this scent because, in our anecdotal experience, fried
food smells tend to permeate food environments, and because
there were french fries available on the virtual buffet. Research
assistants reported the smell to be very strong when administered
to participants. Between each participant, scent was removed
from the room using a Honeywell HEPA air purifier (model
HPA300). No two participants completed the study within less
than an hour of each other, giving time for lingering odor to be
dispersed between participants.

Procedure
Participants were screened online or by telephone. For eligible
participants, an index child was identified who met study
criteria (see Participants). Participants consented to participate
online and continued to the online pre-test questionnaire, which
included baseline measures of attitudes, beliefs, and demographic
characteristics. Participants were contacted by phone to schedule

FIGURE 1 | Images of the VR Buffet from the user’s perspective.

an appointment for a lab visit. At the visit, participants were
consented again and trained on use of the VR Buffet (with no
use of scent during the training period).

Participants then received information about their child’s
future risk for obesity based on randomized condition (control,
genetic information, family environment information, gene-
environment interaction information); this was the primary focus
of the larger parent study. Following information provision,
participants filled out a short questionnaire then used the VR
Buffet to choose a virtual tray of food and drink for their child.
During use of the VR Buffet, scent was administered to the
participants as detailed in the Materials section. Following the
VR Buffet session, participants filled out a final questionnaire in
the lab, during which they were asked about their perception of
olfactory elements of the VR Buffet.
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FIGURE 2 | Overhead view of VR Buffet environment with approximate location of olfactory equipment. Circle labeled “P” is starting point of participant; open yellow

box represents tracking area within the physical room.

FIGURE 3 | Photo of physical lab room and user; scent administration

equipment circled in red.

RESULTS

Descriptive Statistics
Demographics and variable means are available in Table 1.
Participant reports of whether they smelled food in the VR Buffet
are available in Figure 4. Overall, only 17.6% of participants
reported smelling food. Among those who reported smelling
food, 25 of 32 correctly identified the food type associated with
the smell (see Table 2).

Predictors of Smelling Food
We assessed several potential correlates of noticing the olfactory
stimulus using binary logistic regression (see Table 3). We first
regressed several predictor variables (parent gender, parent age,
motion sickness propensity, presence rating, and whether or not
participants selected french fries in the VR Buffet) and control
variables (assignment in each of two experimental conditions for

TABLE 1 | Demographics and variable means (sd) or frequency (%).

Variable Total Participants

who

perceived

food smell

(n = 32)

Non-

perceivers

(n = 150)

Gender: Female 98 (51%) 21 (66%) 71 (47%)

Age 39.46 (6.40) 38.06 (6.03) 39.71 (6.55)

Race: white 134 (70%) 21 (66%) 107 (71%)

Race: Black/AA 36 (19%) 8 (25%) 26 (17%)

College education 156 (82%) 26 (81%) 125 (83%)

BMI 30.51 (6.38) 31.55 (7.51) 30.37 (6.19)

Motion sickness

propensity

1.87 (1.02) 1.97 (1.06) 1.81 (.97)

Presence 4.19 (.63) 4.40 (0.55) 4.13 (0.65)

Chose french fries 72 (38%) 17 (53%) 52 (35%)

Frequency (%) or M (SD) reported.

the larger study) on the likelihood that the participant reported
smelling any food. The logistic regression model was significant
[χ2

(7, 182)
= 14.44, p < 0.05], with 12.6% of the variance explained

and 81% of responses correctly classified. In this model, presence
in the VR environment was the only significant predictor [OR
= 2.35, Wald χ

2
(1,182)

= 4.98, p = 0.026]. For each 1-point

increase on the presence scale, participants were 135% more
likely to report smelling the stimulus (Figure 5). We ran a second
binary logistic regression regressing the same predictors on the
likelihood the participant reported smelling food and correctly
identified the olfactory stimulus on the open-ended item. The
logistic regression model was significant [χ2

(7, 182)
= 14.09, p <

0.05], with 12.8% of the variance explained and 84% of responses
correctly classified. Participants who reported smelling food but
did not correctly identify the food were excluded from this
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FIGURE 4 | Frequencies of reporting each response on the scale from 1 = strongly disagree to 5 = strongly agree in response to the item “I smelled food in the

virtual buffet”.

TABLE 2 | Open-ended smell identification responses by whether or not

participants perceived food smell.

Participant Responses Participants who

perceived food

smell

Non-perceivers

Responses counted

as correct smell

identification

French Fries 15 (8%) –

Fried Food 7 (4%) –

Chicken 2 (1%) –

Fast Food Restaurant 1 (1%) –

Responses not

counted as correct

smell identification

Mixture of Foods 3 (2%) –

Fruit 1 (1%) –

Pasta Sauce 1 (1%) –

Sweets 1 (1%) –

Nothing – 95 (52%)

[Left Blank] – 47 (26%)

Unsure 1 (1%) 5 (3%)

Unable to smell due to

illness

– 2 (1%)

A non-food smell – 1 (1%)

Correctly Identified

Subtotal

25 (14%) 0 (0%)

Incorrectly Identified

Subtotal

7 (4%) 150 (82%)

Total 32 (18%) 150 (82%)

Italics denote subtotals.

analysis. We found similar results for presence [OR= 2.42, Wald
χ
2
(1, 182)

= 4.93, p = 0.026] and additionally found that those

participants who chose french fries in the VR Buffet were 143%
more likely to report smelling the stimulus than those who did
not [OR= 2.43, Wald χ

2
(1, 182)

= 4.33, p= 0.037].

Sensitivity Analysis
To further examine the role of potential lingering odor in the
experiment room which could lead participants to dissociate
scent from the VR buffet we also assessed data from only
the first participant to be run in the laboratory on a given
day (n = 138). Among only first-of-day participants, the
odor detection rate was similar (13%). Logistic regressions
conducted among only these participants reveal similar patterns
of odds ratios, though previously significant predictors do not
always reach statistical significance given the smaller sample
size (see Supplement 2).

DISCUSSION

This analysis describes an underexplored phenomenon in which
fewer than one-fifth of participants in a VR-based study reported
noticing a strong olfactory stimulus intended to function as an
ambient part of the virtual environment experience. Reports were
fairly bimodal, suggesting that participants either did or did
not notice the scent, with no middle ground in reporting. As
presence in VR can direct attention away from stimuli judged
as VR-irrelevant (Kober and Neuper, 2012), many participants
may not have made the connection between the VR environment
and the scent stimulus. However, several participants clearly
did direct conscious attention to the stimulus. Indeed, the vast
majority of those who reported noticing the stimulus correctly
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identified it, suggesting that this perception was real and within
conscious awareness. Identifying reasons for the low rate of
olfactory perception will require more research. One intriguing
possibility stems from a finding in real-world environments,
wherein olfactory signals are less likely to be noticed when the
visual sensory system is highly stimulated (Forster and Spence,
2018). It may be that the very visually stimulating environment
of the VR Buffet caused a lack of attention to the olfactory system
among participants. Similarly, the interactive nature of the VR
Buffet may have also detracted from users’ attention to smell. We
plan to address these possibilities in future research.

We identified two factors that were associated with perception
and correct identification of the olfactory stimulus: presence in
the VR environment and whether or not participants selected
french fries (i.e., the food associated with the stimulus) in the VR
Buffet. It is important to note that, in both cases, the directionality
of this association is unknown. Participants may have selected
fries in the VR Buffet due to the smell or may have perceived

TABLE 3 | Binary logistic regressions predicting reports of smelling food scent

stimuli.

Likelihood of

reporting detecting a

food

smell (odds ratios)

Likelihood of

reporting the correct

food

smell (odds ratios)

Study condition

(genetics)

1.24 0.98

Study

condition (family environment)

1.06 1.13

Parent age 0.95 0.95

Parent gender 0.60 0.77

Motion sickness

propensity

1.28 1.46

Presence 2.35* 2.42*

Chose french fries 2.12 2.43*

*p < 0.05.

the smell in conjunction with selecting fries. Similarly, it may
be that participants felt more presence due to the smell, or that
those who felt more present perceived the smell. Previous work
has demonstrated that including scent in VR scenes can increase
users’ sense of presence; notably, the current work did not
manipulate the availability of a scent but rather explored scent
detection. Interestingly, past research has suggested that scent
can influence food selection behavior (Ferriday and Brunstrom,
2008; Proserpio et al., 2016), and scent can also elicit increased
visual attention to congruent foods (Seo et al., 2010). However,
conscious awareness of an olfactory stimulus is not necessary for
that stimulus to drive associated food choice behavior (Gaillet-
Torrent et al., 2014).

This analysis has limitations, particularly as it was not
designed to specifically assess olfaction. We did not assess the fit
of the HTC Vive headset on each individual participant to ensure
that it did not interfere with breathing through the nose; however,
our assessment after the study suggests that this is rarely the case.
In addition, the smell administered was static and participants
were likely to habituate to it over time. We also did not assess
general ability to smell among participants in the study. This may
influence the rate at which participants report detection of the
scent, however, it is unlikely to have influenced the relationships
between scent detection and other variables (e.g., presence).
Additionally, insufficient ability to smell is uncommon; Munyan
et al. (2016) only excluded 4% of recruited individuals from
their study of olfactory stimuli in virtual environments due to
subthreshold olfactory ability (Zoon et al., 2016). Finally, the
participants in this study were parents of 3–7 year-old children
and thus age of participants was naturally constrained.

It is also important to note that we did not tell participants
that olfaction was an element of the VR environment. Due to
the method we used to administer smell (room-based), scent
administration equipment was not obvious to participants. In
the future there is likely to be variability as to how explicitly
scent stimuli are pointed out to VR users. For example, scent is
frequently used in retail settings to enhance customer experience

FIGURE 5 | Violin plot of presence in the VR buffet for participants who did or did not perceive the olfactory stimulus.
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without notification (Bradford andDesrochers, 2009). Results are
likely to differ when participants are made aware of olfactory
stimuli either verbally or through the use of obvious hardware
peripherals. However, this set-up made it possible for us to
investigate unprompted participant awareness of olfactory cues.
Future research on the influence of olfactory cues depending
upon whether or not they are disclosed to participants may be of
interest. Indeed, a previous study in which scent stimuli were not
disclosed to participant also found low rates of scent detection for
a pleasant (but not unpleasant) scent in VR (Baus and Bouchard,
2017). Importantly, in this other study, scents were detected
when participants were exposed to them outside of VR.

Taken together, these findings suggest a need for more
research to identify cases and contexts under which olfactory
stimuli will add to VR environments to increase presence and
benefit user experience. While they may be very influential
in some VR contexts, there may be cases under which
these stimuli go unnoticed. In addition to addressing such
applied research questions for optimizing VR applications, we
also note that from a basic research perspective, research in
virtual contexts affords an opportunity to learn about human
olfaction and perception within controlled yet ecologically valid
study settings.
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