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Prior research using immersive technology has shown that consumption contexts can be successfully recreated to
elicit effects on hedonic food evaluations, but the food-specificity of these effects is as of yet unclear. The current
study investigates how repeated exposure to foods in congruent and incongruent immersive contexts affects
hedonic perception over time. Two groups of participants (N = 23, N = 18) were exposed to three food products
(sushi, popsicle and iced tea) in either an immersive beach context or an immersive sushi restaurant context for
seven days. On the eighth day, participants were exposed to the same foods once more, but switched to the other
context. Hedonic evaluations were collected prior to and during tasting at initial exposure (day 1), after repeated
exposure to the same context (day 7) and in the switched context (day 8); consumption behavior was monitored
on exposure days (days 2–6). Results showed that prior to tasting, expected liking and desire to eat were higher
for congruent food-context combinations (popsicle at the beach, sushi in the sushi restaurant) than for incon
gruent combinations (popsicle in the sushi restaurant, sushi at the beach). Upon tasting, no differences were
found in average food liking, but individual liking ratings for congruent (vs. incongruent) food-context combi
nations were more consistent over time. Immersive contexts also elicited general effects, such that a typical
consumption environment (sushi restaurant) increased food consumption and yielded more consistent product
liking ratings over time. Findings underline the importance of taking a holistic view on consumer testing, and
showcase the potential of immersive technology.

1. Introduction
In traditional central location tests, participants evaluate products in
isolated sensory booths where everything is as standardized as possible
(i.e., temperature, light conditions, sound etc.) and non-product
contextual information is intentionally minimized. This is completely
different from real-life situations in which you drink or eat a product in a
specific environment (e.g., at home or work, in a café or restaurant) at a
certain time of day (e.g. for breakfast, at dinner, as a snack), in a
particular social setting (e.g., alone or with family, friends or col
leagues), etc. Although such central location test enable a strict control
over product testing, they may not be representative of what happens in
the real world as they do not take into account the role of context in
shaping product perceptions and acceptance (Galiňanes Plaza, Delarue,
& Saulais, 2019; Meiselman, Johnson, Reeve, & Crouch, 2000). Indeed,

hedonic product testing under traditional vs. real-life conditions can
yield different results. For instance, various studies found that liking
ratings elicited in realistic contexts were higher than those elicited in
central location tests under controlled conditions (Boutrolle, Arranz,
Rogeaux, & Delarue, 2005; De Graaf, Cardello, Kramer, Lesher, Mei
selman, & Schutz, 2005; Hersleth, Mevik, Naes, & Guinard, 2003;
Holthuysen, Vrijhof, De Wijk, & Kremer, 2017; King, Meiselman, Hot
tenstein, Work, & Cronk, 2007; Petit & Sieffermann, 2007; Willems, Van
Hout, Zijlstra, & Zandstra, 2014), although there are also studies that
showed lower liking ratings in realistic contexts (Meiselman, Johnson,
Reeve, & Crouch, 2000) or found no evidence for differences in liking
(De Wijk, Kaneko, Dijksterhuis, Van Zoggel, Schiona, Visalli, et al.,
2019; Zandstra, Kaneko, Dijksterhuis, Vennik, & de Wijk, 2020). Despite
these inconsistent findings (relating to the specific products and situa
tions under study), it is generally recommended to evaluate foods in

* Corresponding author at: Wageningen Food and Biobased Research, Food, Health & Consumer Research, PO Box 17, 6700 AA Wageningen, The Netherlands.
E-mail address: geertje.vanbergen@wur.nl (G. van Bergen).
https://doi.org/10.1016/j.foodqual.2021.104193
Received 5 June 2020; Received in revised form 20 January 2021; Accepted 20 January 2021
Available online 26 January 2021
0950-3293/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

G. van Bergen et al.

Food Quality and Preference 91 (2021) 104193

realistic choice and consumption contexts, as it is believed to increase
the representativity of test results for the market place (Meiselman,
2013; Zandstra, 2018). However, accurate realistic context testing as
integral part of new product development can be costly, as these tests are
rather time-consuming and burdensome to conduct compared to tradi
tional central location tests (Holthuysen, Vrijhof, De Wijk, & Kremer,
2017; Zandstra & Lion, 2019). Another downside is that there is very
little control on how products are tested in real-life situations. For
example, the experimenters may not know who really tasted and rated
the product and under which circumstances (Boutrolle, Delarue, Arranz,
Rogeaux, & Köster, 2007; Delarue & Lageat, 2019).
A solution is provided by the use of immersive technologies to
recreate the physical context of a consumption situation in a laboratory
with visual, auditory and olfactory cues. Immersive technologies blur
the line between the physical world and a digital or simulated world,
thereby creating a sense of immersion: subjects ‘feel’ like they are in the
real situation by means of simulating as many aspects of an environment
as possible (Delarue & Lageat, 2019; Hehn, Lutsch, & Pessel, 2019).
Initial studies suggest that the use of immersive technologies can
improve the predictive validity and reliability of liking scores in con
sumer testing (e.g. Andersen, Kraus, Ritz, & Bredie, 2019; Bangcuyo,
Smith, Zumach, Pierce, & Guttman, 2015; Delarue, Brasset, Jarrot, &
Abiven, 2019; Sinesio, Saba, Peparaio, Saggia Civitelli, Paoletti, &
Moneta, 2018; Hannum, Forzley, Popper & Simons, 2019). For instance,
Bangcuyo and colleagues (2015) found that coffee liking ratings
collected in a virtual coffee house were more discriminating, and more
reliably predicted future coffee liking than those collected in traditional
sensory booths. A study by Hathaway & Simons (2017) compared he
donic evaluations of cookies in traditional sensory booth contexts to
immersive home kitchen contexts with increasing levels of immersion.
They found that cookie likings were increasingly discriminating and
consistent in contexts with increasing levels of immersion. In a study by
Delarue et al. (2019), hedonic evaluations of non-alcoholic beers were
collected in a traditional sensory booth, an immersive night club and an
immersive beach. They found very little difference in average beer liking
across the thee contexts, but liking differences between morning and
afternoon sessions attested in the traditional sensory booth were not
found in the immersive contexts. They suggest that the immersive
experience induced by the recreated contexts helped overcome un
wanted test effects arising in the absence of context (i.e. time of testing),
immersive technology thus improving the robustness of test results ob
tained in a traditional lab setting. A study by Hannum et al. (2019)
provides initial evidence for the external validity of liking scores ob
tained in immersive contexts. They compared hedonic wine evaluations
across three consumption environments, i.e. a traditional sensory booth,
and immersive (simulated) wine bar situation and an actual wine bar.
No differences between environments were attested in average wine
liking, but individual wine liking scores obtained in the immersive wine
bar were found to be more similar to those obtained in the actual wine
bar relative to those obtained in the sensory booth.
Rather than further validating the methodology, the current study
aims to demonstrate the potential of immersive technology in consumer
testing by examining the conditions under which immersive consump
tion environments influence hedonic food perception. Instead of testing
similar foods (e.g. wines, coffees, beers) across different contexts, we
focus on the food-specificity of immersive context effects: we investigate
hedonic evaluations of food products in immersive environments that
are either congruent or incongruent with these foods. In addition, we
explore whether and how food-context congruity effects on hedonic
evaluations vary over time.
The degree to which foods are considered congruent with, or suitable
for, a specific time, place and/or person (i.e. appropriateness, Schutz,
1994) has previously been shown to affect food evaluations. In a study
by Cardello et al. (2000), participants consumed and evaluated a lunch
meal that they had previously judged as either appropriate (e.g. pizza)
or inappropriate (e.g. cold cereal) for that meal time. In a survey filled

out a month prior to the lunch session, participants indicated the degree
of appropriateness they attributed to various foods in consumption sit
uations, and indicated how much they expected to like each food at (in)
appropriate meal times. Results showed that participants predicted to
dislike foods in inappropriate consumption situations (i.e., cold cereal at
lunch time), but this was not reflected in their liking ratings when
actually consuming cereal in that situation a month later. In fact, con
sumers liked the cereal, but they were less satisfied with the overall
experience at the end. These findings suggest that judgements of
food-context congruity may be more strongly associated with expected
(dis)liking prior to consumption than with actual food (dis)liking upon
consumption. Whereas (anticipated) hedonic food perception thus
seems sensitive to contextual congruity, it is as of yet unknown how such
food-context congruity perceptions unfold over time. Can repeated
exposure to a specific food in a specific context change its perceived
congruity, and how does this in turn affect its (anticipated) hedonic
perception?
Repeated exposure to food products has been found to affect hedonic
evaluations both positively (especially for novel and initially disliked
foods, which is associated with increased food familiarity; e.g. Pliner,
1982; Sullivan & Birch, 1994; Wardle, Herrera, Cooke, & Gibson, 2003;
Liem & de Graaf, 2004, and negatively (especially for familiar and
initially liked products, which is associated with product boredom or
loss of interest; e.g. Zandstra, Weegels, van Spronsen, & Klerk, 2004;
Essed et al., 2006; Hoek et al., 2013). Other studies failed to find sys
tematic effects of repeated exposure on product liking at the group level,
but did find that changes in liking scores over repeated exposures varied
between individuals: for instance, Dalenberg, Nanetti, Renken, de Wijk,
and ter Horst (2014) identified specific consumer subgroups based on
their idiosyncratic liking rating behaviors over time. The current study
explores whether and how repeated exposure to (in)congruent
food-context combinations modulate changes in hedonic perception,
and to what extent variability in individual hedonic ratings over time are
contextually constrained.
This study is set up to answer three research questions: (1) to
determine whether immersive contexts affect anticipated and/or actual
hedonic food perception, (2) to determine the food-specificity of
immersive context effects, and (3) to explore whether and how effects of
immersive contexts on hedonic food evaluations vary with repeated
exposure. To this end, an experiment was conducted in which consumers
were exposed to three food products in two recreated environments that
were perceived as congruent with one of the three foods: a sushi
restaurant (typically associated with eating sushi) and a beach (typically
associated with eating popsicle). A third food product was not specif
ically associated with either context but compatible with both (iced tea).
Participants were exposed to the same food products in one of the two
immersive contexts for seven consecutive working days; on the eighth
day, they were exposed to the same foods once more, but now in the
other immersive context. Hedonic food evaluations were collected at
initial exposure (day 1), after repeated exposure to the same context
(day 7) and in the switched context (day 8). Additionally, food con
sumption behavior was monitored by registering how much of each food
product was eaten on the five exposure days in between testing sessions
(days 2–6).
2. Method
2.1. Participants
Forty-two participants were recruited for this study from the
Wageningen University & Research participant database. Participants
had to meet the following inclusion criteria: (1) Age between 18 and 65
years, (2) Dutch native language, (3) Healthy (self-reported), (4) BMI
between 18.5 and 27 kg/m2 (self-reported), (5) Normal ability to taste
and smell (self-reported), and (6) Having consumed each of the food
products used in the study at least once in the past year (self-reported).
2
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Selected participants were randomly assigned to one of two groups: the
first group was repeatedly exposed to the beach context (Group 1), the
second group was repeatedly exposed to the restaurant context (Group
2). In both groups, one participant dropped out after the first session. In
the second group, one participant missed two testing moments that
could not be caught up. This participant’s data was handled as a dropout as well, leaving us with 23 participants in group 1 (4 male, age M
= 43.2, SD 15.2) and 18 participants in group 2 (4 male, age M = 37.4,
SD 14.4) for further analysis. Groups did not differ in terms of age (t (39)
= 1.22, p = 0.22) or gender (p = 0.71, Fisher’s exact test). Participants
signed informed consent prior to the start of the experiment. The study
was approved by the social sciences ethics committee of Wageningen
University and Research.

was lit with spots that were set to give somewhat yellow light, similar to
the lighting in the restaurant. The eight chairs and four tables in the
room matched in shape and color with the theme of the restaurant. For
the immersive beach context, photographic footage of an actual beach
was projected on the walls and actual beach sounds were played. The
floor was covered with sand-colored cotton cloth to recreate a sandy
surface, and spots were set to somewhat blue light to resemble outdoor
lighting. Shells, dune grass plants, a beach towel and beach toys were
distributed over the floor. Eight foldable beach chairs and four foldable
plastic tables were placed randomly across the room. Fig. 1 shows
photographs of the two testing environments.

2.2. Test foods

The experiment was carried out in two periods of eight consecutive
working days in the summer of 2019. Testing took place in the so-called
Experience Room in the Helix building of Wageningen University &
Research. Participants attended eight sessions of 45 min each in sub
groups of minimally 3 and maximally 7 persons. There were 6 consec
utive time slots for different subgroups per testing day. Participants
joined the same subgroup where possible, to mimic a social group of
(superficial) acquaintances; if they were unable to attend their sched
uled time slot on one of the testing days, they joined a different subgroup
for that day. A schematic overview of the full experimental procedure is
presented in Fig. 2.
A few days before the first testing session, participants received a
questionnaire by email. This questionnaire assessed the appropriateness
of consuming the three food products in different situational settings,
among which were ‘hidden’ the two immersive contexts (for details, see
below).
Upon arrival, participants were brought to the Experience room (in
which one of the two contexts was recreated) and were asked to sit
down. During the first seven sessions, participants were exposed to the
same context (the first group to the beach context, the second group to
the restaurant context). In the eighth session, they were exposed to the
other context.
During sessions 1 (initial exposure), 7 (post exposure – same context)
and 8 (post exposure – switched context), participants sat down at one of
4 tables (two participants per table, opposite to each other) in front of
laptops equipped with webcams. Food trays were placed next to the
laptops on the same tables, and participants rated expected liking of
(session 1 only) and their desire to eat the five food products (sushi,
popsicle, iced tea, crisps, crackers). Subsequently, they were instructed
to look at the laptop screen, take a bite/sip/lick of the food presented,
process the food product for at least 10 s in their mouth and rate how
much they liked the food. During this time their facial expressions were
recorded. Next, they took another bite/sip/lick of the same food and
rated five sensory attributes, while their facial expressions were recor
ded again. This procedure was repeated for all food products; the order

2.4. Design and procedure

During all eight testing sessions, participants were presented with
samples of three commercially available foods: (1) three pieces of sushi
(“kappa maki”; cucumber sushi, freshly prepared daily by a local sushi
restaurant) together with 10 ml of savoury soy sauce (brand: Kikkoman),
(2) one popsicle (brand: Ola Raket), and 3) 200 ml of green iced tea
(brand: Lipton). These foods were selected based on their appropriate
ness for, or congruity with, the two immersive consumption contexts,
which was assessed via an online questionnaire that was filled out by the
participants prior to the experiment (described in detail below). Two
additional food products were included in the study: 20 g of natural
potato crisps (brand: Lays) and two crackers (brand: Albert Heijn Basic).
Evaluations of these foods were not included in the analysis, because
crackers and crisps were only presented to participants during the initial
and the two post-exposure sessions (i.e. not on exposure days), where
they primarily served to familiarize participants with the tasting pro
cedure (described below).
Samples were prepared in the morning of each test day. Perishable
foods were stored in the refrigerator at 4 ◦ C and popsicles in the freezer
at − 20 ◦ C according to the hygiene regulations set by Wageningen
University and Research. Trays with food samples were prepared shortly
before participants arrived. Food presentation style was matched with
the corresponding immersive contexts to maximally simulate real-life
consumption situations: foods were presented on/in small porcelain
plates, bowls and glasses in the restaurant context and on/in disposable
plastic plates, bowls and cups in the beach context. The temperature of
each food product was aimed to be constant over sessions.
2.3. Immersive test contexts
For the immersive restaurant context, photographic footage of a real
sushi restaurant was projected on all four walls of the ‘experience room’,
using eight projectors. A recording of background noise from the sushi
restaurant was played through multiple speakers in the room. The room

Fig. 1. Impressions of the immersive beach (left) and sushi restaurant (left) contexts.
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Fig. 2. Experimental design and procedure, split up by exposure group. Food-context congruity is indicated by font color: contextually congruent foods in green,
contextually incongruent foods in red, control foods in grey. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)

of foods was randomized across participants and sessions. Between
foods, participants were instructed to cleanse their palate with water.
After having tasted and evaluated all food products, participants were
asked to rate their product-related emotions. During sessions 7 (post
exposure – same context) and 8 (post exposure – switched context), they
filled out an additional questionnaire relating to the context they were
exposed to. During sessions 2 to 6 (repeated exposure), participants were
provided with three food products (sushi, popsicle, iced tea), plus one or
two questionnaires unrelated to the foods or contexts. They were
instructed to eat as much of the foods as they wanted to (but to take at
least one bite/sip/lick of each product) and to fill out the questionnaire
(s).
During all sessions, participants were allowed to socialize with each
other as long as they did not discuss the food samples, and to finish their
foods if they wanted to. The tests and questionnaires administered
during the experimental sessions will be described in more detail below.

fishing trip; At home in front of the TV. To assess potential effects of
repeated exposure on perceived food-context congruity, participants
filled in the same questionnaire again immediately after the fifth
exposure day (session 6).
2.6. Measurements during the study
Food- and context-related questionnaires were carried out in sessions
1 (initial exposure), 7 (post exposure – same context) and 8 (post
exposure – switch context). Questionnaires administered during sessions
2–6 (repeated exposure) were unrelated to the foods and contexts. These
were included primarily to give participants a task and keep them
engaged during exposure days; results are not further analyzed.
Expected liking (session 1). Prior to tasting, participants rated how
much they expected to like each food product on a visual analogue line
scale (VAS) with end anchors “do not like it at all” to “like it very much”.
Desire to eat (sessions 1, 7, 8). Before tasting, participants rated their
desire to eat each food product on a VAS with end anchors “do not desire
at all” to “extreme desire” (Fedoroff, Polivy, & Herman, 2003).
Liking (sessions 1, 7, 8). During tasting, participants rated liking of
each food product between two bites/sips/licks on a digitally presented
VAS with end anchors “do not like it at all” to “like it very much”.
Sensory attributes (sessions 1, 7, 8). Sets of five sensory attributes were
selected for each of the foods (sushi: fresh – salt – sour – sticky – sweet;
popsicle: fruity – raspberry – refreshing – sweet – thirst-quenching; iced
tea: green tea taste – refreshing – sour – sweet – thirst-quenching).
During tasting, each attribute was rated on a digitally presented VAS
with end anchors “very weak” – “very strong” for tastes/flavours, and
“very little” – “very much” for texture attributes. Line scales for all five
attributes were presented simultaneously on the screen (in the same
order for each participant and each session).
Facial expressions (sessions 1, 7, 8). During tasting, participants’ facial
expressions were registered via a webcam connected to the laptop
screen.
Food-related emotions (sessions 1, 7, 8). After tasting each food
product, participants rated on a 4-point scale (1 = not at all, 4 = very
much) to what extent the product evoked the following emotions:
happy, sad, angry, calm, scared, disgusted, interested and surprised.

2.5. Measurement prior to the study
Food-context congruity/appropriateness. Prior to the initial testing
session, participants filled in an online questionnaire in which they rated
how appropriate they considered eating/drinking sushi, popsicle and
iced tea in 17 different consumption situations, using a 7-pt appropri
ateness scale (1 = not at all appropriate, 7 = extremely appropriate). To
assess the congruity between the test foods and the two immersive
contexts, two of the 17 consumption situations referred to the immersive
contexts used in the study (‘at the beach’, ‘in a sushi restaurant’). The 15
other situations were included to distract participants from the purpose
of the questionnaire, preventing them from generating expectations
about the contexts they would be exposed to later on. Additional situ
ations were adapted from previous studies (Cardello, Schutz, Snow, &
Lesher, 2000; Giacalone, Frost, Bredie, Pineau, Hunter, Paisley, et al.,
2015), including: It is a pleasant afternoon; As a treat for myself; You are
feeling quite hungry; You are home alone sitting on your couch; It is a
very warm morning; You are alone sitting somewhere indoors; You are
with a small group of people that you don’t know well sitting somewhere
indoors; At a bar-restaurant with friends; You are celebrating an
achievement; At work; At a public house (bar, pub, etc); On a camping or
4
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Contextual engagement (sessions 7 and 8). Scores per dimension of the
engagement questionnaire were calculated following Bangcuyo et al.
(2015). The dimensions Usability, Environmental Aesthetics, Novelty,
Involvement and Immersion were coded from − 2 to + 2 and the di
mensions Sensory Awareness, Distraction and Realism from 0 to 6. For
each individual, the dimensional scores were summed leading to a Total
Engagement Score (TES) with a theoretical range from − 15.5 (dis
tracting/not engaged at all) to +18.5 (extremely engaged).
Consumption behaviour: leftovers (sessions 2–6). During exposure days,
trays with leftovers were photographed after participants had left; pro
portions of leftovers per food product were estimated after visual in
spection of the photographs.
The current study focuses on food-context congruity ratings, hedonic
evaluations (desire to eat, (expected) liking) and food leftovers; results
from other measurements will reported elsewhere.

team, 2018), the ez (version 4.4–0, Lawrence, 2016) lmerTest (version
3.1–1, Kuznetsova et al., 2017) and cocor (version 1.1–3, Diedenhofen &
Musch, 2015) packages.
3. Results
3.1. Food-context congruity/appropriateness
The analysis of food-context congruity ratings showed a significant
Food Product by Consumption Situation interaction, F (2, 78) = 293.77,
p < 0.001 As expected, sushi and popsicle received opposite congruity
ratings across consumption situations. Congruity ratings for iced tea
were quite high for both situations, though not as high as ratings for the
situation-specific foods. Pairwise comparisons confirmed that drinking
iced tea in a sushi restaurant (M = 5.11) was perceived as less appro
priate than eating sushi (M = 6.84), t (40) = 7.56, p < 0.001, but more
appropriate than eating a popsicle (M = 2.59), t (40) = 11.92, p < 0.001.
By contrast, at the beach, drinking iced tea (M = 6.39) was considered
more appropriate than eating sushi (M = 3.18), t (40) = 12.71, p <
0.001, but not as appropriate as eating a popsicle (M = 6.70), t (40) =
3.89, p < 0.001. The Food Product by Consumption Situation interaction
did not differ across Exposure Groups (p = 0.953) nor over time (p =
0.126), but a main effect of Repeated Exposure (F (1,39) = 4.21, p =
0.047) indicated that appropriateness ratings were overall slightly
higher after 6 exposure days (difference score 0.18; t(40) = 2.08, p =
0.044, dz = 0.29) (Fig. 3).

2.7. Data analyses
Perceived food-context congruity ratings were analyzed with a 3 × 2
× 2 × 2 repeated measures analysis of variance including Food Product
(sushi vs. popsicle vs. iced tea; within-subjects), Consumption Situation
(at the beach vs. in a sushi restaurant; within-subjects), Repeated
Exposure (before vs. after; within-subjects), and Exposure Group (beach
vs. sushi restaurant; between-subjects) as factors. Significant effects of
Food Product were followed up with Bonferroni-adjusted paired t-tests.
(Expected) liking and desire to eat scores were obtained by con
verting positions on the VAS line scales into scores ranging from 0 to
100.
To investigate food-specific and general context effects on food
evaluations over time, average hedonic evaluations at sessions 1 (initial
exposure) and 7 (post exposure – same context) were compared with 2
× 3 × 2 repeated-measures ANOVA including Repeated Exposure (initial
vs. post exposure; within-subjects), Food-Context Congruity (congruent
vs. incongruent vs. control; within-subjects) and Exposure Group (beach
exposure vs. sushi restaurant exposure; between-subjects) as factors.
Significant Food-Context Congruity effects were followed up with posthoc Bonferroni-adjusted paired t-tests.
To investigate changes in individual liking rating behavior over time,
correlation coefficients between individual liking scores at sessions 1
and 7 were calculated. To assess general context effects, liking correla
tion coefficients were compared between exposure groups using Fisher’s
r to z transformation; to analyze effects of food-context congruity, liking
correlation coefficients were calculated separately for contextually
congruent, contextually incongruent and control foods, and correlation
coefficients were compared within-subjects using Pearson and Filon’s z.
To investigate changes in food evaluations due to the switch from
one immersive context to the other, average scores at sessions 7 (post
exposure – same context) and 8 (post exposure – different context) were
compared with a 2 × 3 × 2 repeated-measures ANOVA including Test
context (beach context vs. sushi restaurant context; within-subjects),
Food Product (sushi vs. popsicle vs. iced tea; within-subjects) and
Exposure Group (beach exposure vs. sushi restaurant exposure;
between-subjects) as factors. Significant Food Product effects were fol
lowed up with Bonferroni-adjusted paired t-tests.
To investigate whether consumption behaviour differed across
exposure days, a linear mixed effects regression analysis of leftover
proportions was performed, including Food Product, Exposure Day
(continuous variable, centered; within-subjects), Exposure Group and
their interactions as fixed predictors, as well as random by-participant
intercepts; p-values were obtained by comparing the full model
against the model without the effect in question. Significant Food
Product effects were followed up with Bonferroni-adjusted paired ttests.
Model results as well as corresponding means and effect sizes
(Cohen’s d) are reported; p-values below 0.05 were considered statisti
cally significant. Analyses were performed using R version 3.5.0 (R core

3.2. Desire to eat
Desire to eat by repeated exposure (Fig. 4, left). Analyses of desire to eat
scores at sessions 1 and 7 revealed a main effect of Food-Context Con
gruity, F (2,78) = 6.03, p = 0.005. Follow-up paired t-tests showed less
desire to eat contextually incongruent foods (M = 60.0) relative to
contextually congruent foods (M = 70.6), t (40) = 2.58, p = 0.014, dz =
0.54, and control foods (M = 71.3), t (40) = 2.90, p < 0.001, dz = 0.61.
The difference between contextually congruent and control products
was not significant (p = 0.812). We found no evidence for an effect of
Repeated Exposure (p = 0.671) or Exposure Group (p = 0.229), but
there was a significant Repeated Exposure × Exposure Group interac
tion, F (1,39) = 5.27, p = 0.027. Pairwise comparisons showed no evi
dence for a difference in desire-to-eat scores after repeated exposure to
the sushi restaurant context (p = 0.052). By contrast, repeated exposure
to the beach context increased the desire to eat sushi, t (22) = 2.34, p =
0.029, dz = 0.43, but not popsicle (p = 0.881) or iced tea (p = 0.828).
Desire to eat by context switch (Fig. 4, right). A significant Food
Product × Test Context interaction (F (2,78) = 7.62, p = 0.001) indi
cated that the context switch affected the desire to eat foods depending
on their contextual congruity. Post-hoc paired t-tests showed a reduced
desire to eat food products that switched from being contextually
congruent to incongruent relative to foods that switched from being
incongruent to congruent (difference score − 6.5, t (40) = 3.89, p <
0.001, dz = 0.36) and control foods (difference score − 8.5, t (40) = 2.76,
p = 0.009, dz = 0.44); the difference between the latter was not signif
icant (p = 0.498).
3.3. Liking: group-level effects
Expected vs. experienced liking (initial exposure). Analyses of expected
liking scores at session 11 revealed a main effect of Food-Context Con
gruity, F (2, 76) = 4.65, p = 0.014. Follow-up pairwise comparisons
showed that participants expected to like contextually incongruent
foods (M = 65.2) less than control foods (M = 75.6), t (39) = 2.94, p =
1
For one participant, expected liking scores were missing; this participant
was left out of the analysis.
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Fig. 3. Mean appropriateness ratings for sushi, popsicle and iced tea consumed at the beach (yellow bars) and in a sushi restaurant (blue bars) before vs. after
repeated exposure, averaged over exposure groups. Error bars represent +/− SE. Dots represent individual data points. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. Mean desire to eat scores by repeated exposure (left panels) and context switch (right panels) for congruent (green bars), incongruent (red bars) and control
(grey bars) foods, split up by exposure group. Error bars represent +/− SE. Dots represent individual data points. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

0.006, dz = 0.58. The difference between contextually incongruent and
congruent foods (M = 73.0) was not significant (p = 0.055); also, no
evidence was found for a difference between congruent and control
foods (p = 0.385). There was no evidence for a main effect of Exposure
group (p = 0.870), nor for an interaction effect (p = 0.809). Analyses of
actual liking scores during tasting at session 1 showed no evidence for an
effect of Food-Context Congruity (p = 0.368), Exposure Group (p =
0.190), or their interaction (p = 0.926). A combined analysis of expected
and experienced liking scores at initial exposure confirmed that the
food-context congruity effect was restricted to expected liking scores
prior to tasting, F (2, 76) = 4.38, p = 0.016 (Fig. 5).
Liking by repeated exposure. The analysis of average liking scores at
sessions 1 and 7 revealed no evidence for an effect of Food-Context
Congruity (p = 0.595), Repeated Exposure (p = 0.586) or Exposure
Group (p = 0.114), nor for any interaction effect (Congruity × Repeated

Exposure: p = 0.432; Congruity × Exposure Group: p = 0.936; Repeated
Exposure × Exposure Group: 0.642; three-way interaction: p = 0.982).
Liking by context switch. Analyses of average liking scores at sessions 7
and 8 also provided no evidence for systematic effects of Food Product
(p = 0.770), Test Context (p = 0.286) or Exposure Group (p = 0.171), nor
for any interaction effect (Food Product × Test Context: p = 0.481; Food
Product × Exposure Group: p = 0.282; Test Context × Exposure Group:
p = 0.930, three-way interaction: p = 0.264) at the group level.
3.4. Liking: individual-level effects
A comparison of liking correlation coefficients between contextually
congruent, incongruent and control foods (Fig. 6, left) revealed a smaller
correlation for contextually incongruent foods (r = 0.37) relative to that
of contextually congruent foods (r = 0.86), z = 3.63, p < 0.001, and
6
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exposure group (r = 0.78) were more consistent over time relative to
liking ratings in the beach exposure group (r = 0.54), z = 2.37, p =
0.018.
3.5. Consumption behavior: Leftovers
Fig. 7 shows the average proportion of leftovers over the five expo
sure days per food product and exposure group. The exploratory analysis
showed that overall, leftover proportions of sushi were significantly
smaller relative to those of popsicle (β = − 0.17, SE = 0.02, p < 0.001)
and iced tea (β = − 0.14, SE = 0.02, p < 0.001). A main effect of
Exposure day (β = − 0.02, SE = 0.01, p = 0.011) indicated that partic
ipants ate more of the foods over time; this effect did not differ between
exposure groups (p = 0.669) nor between food products (p = 0.196). A
main effect of Exposure Group (β = 0.10, SE = 0.05, p = 0.027) indicated
that participants in the sushi restaurant context ate more than partici
pants in the beach context, irrespective of food type (p = 0.187). The
three-way interaction was not significant (p = 0.873).
4. Discussion
This study used immersive technologies to investigate food-context
congruity effects on hedonic evaluations over time. Two food products
(sushi and popsicle) proved to be seen as congruent with one of two
immersive contexts (a sushi restaurant and a beach, respectively), while
incongruent with the other; a third product (iced tea) was not specif
ically associated with either immersive context, but compatible with
both. The aim of this study was three-fold: (1) to determine whether
immersive contexts affect anticipated and/or actual hedonic food
perception, (2) to determine the food-specificity of immersive context
effects, and (3) to explore whether and how effects of immersive con
texts on food evaluations vary with repeated exposure.
Together, findings showed that (1) immersive contexts affected
anticipated as well as actual food evaluations, albeit in different ways;
(2) immersive contexts elicited both food-specific and general effects,
and (3) repeated exposure to immersive contexts differentially affected
food evaluations over time. Findings will be discussed in more detail
below.

Fig. 5. Mean expected and experienced liking scores at initial exposure for
congruent (green bars) and incongruent (red bars) food-context combinations
and control foods (grey bars) split up by exposure group. Error bars represent
+/− SE. Dots represent individual data points. (For interpretation of the ref
erences to color in this figure legend, the reader is referred to the web version of
this article.)

control foods (r = 0.72), z = 2.29, p = 0.022; the difference between
contextually congruent and control foods was not significant (p =
0.085). The context thus influenced individual liking rating behaviour to
the extent that liking ratings for foods in a congruent context were more
consistent over time than liking scores for contextually incongruent
foods. In addition, a comparison of liking correlations between exposure
groups (Fig. 6, right) revealed that liking ratings in the sushi restaurant

Fig. 6. Correlations of individual liking scores before vs. after exposure for contextually congruent, incongruent and control foods (left), and per exposure group
(right). Dots represent individual data points.
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Fig. 7. Average proportions of sushi (left panel), popsicle (middle panel) and iced tea (right panel) leftovers in the beach (yellow) and sushi restaurant (blue)
exposure group across exposure days. Shaded areas represent confidence intervals of the slopes. Dots represent individual data points. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

priori, top-down predictions generated by our brains.
Besides food-specific context effects attested within-subjects, differ
ences between exposure groups showed that immersive contexts
affected food evaluations more generally. For one, individual liking
scores were found to be more consistent over time in the sushi restaurant
exposure group relative to the beach exposure group. Moreover, during
exposure sessions, participants in the sushi restaurant exposure group
ate more of the foods than participants in the beach exposure group.
Although we cannot exclude the possibility that these between-subject
effects are due to individual variation, findings together strengthen us
in relating group differences to the differences between immersive
contexts in terms of prototypicality. Although eating popsicles may be
more appropriate at a beach than in a sushi restaurant, eating in general
may not be the first thing that comes to mind when thinking of a beach:
consumers will more likely associate this environment with a refreshing
dive in the water, sun-bathing or playing games with friends. By
contrast, a sushi restaurant is a typical consumption environment (even
though not every food is equally likely consumed there). As a result, the
feeling of being immersed in a typical consumption environment may
have caused consumers to be more focused on the foods in the sushi
restaurant context relative to the beach context, which affected their
food consumption behaviour and hedonic food evaluations alike. Also,
the finding that liking ratings collected in the sushi restaurant envi
ronment were more consistent over time than those obtained in the
beach environment fits with the suggestion by Hannum et al. (2019) that
immersive contexts that are more consistent with an actual consumption
environment render more consistent liking behavior.
Food-specific and general context effects together suggest that the
recreation of both consumption environments was successful: the
immersive contexts made participants feel as if they were at a beach or
in a sushi restaurant, which impacted their food evaluations accord
ingly. Executing a similar longitudinal experiment in an actual restau
rant and at an actual beach would have been considerably more timeconsuming, logistically challenging and burdensome to both partici
pants and experimenters; moreover, real-life settings would be suscep
tible to various uncontrollable circumstances (e.g. weather conditions,
other beach/restaurant visitors, etc.). As such, this study showcases the
potential of immersive technology: it opens up the possibility to address
research questions that may otherwise be impossible to address. Future
studies could for instance use immersive technology to test evaluations
of a product in even more diverging consumption environments (e.g.
different countries) within the same individuals (see also Delarue et al.

Prior to tasting, food-specific context effects were found on food
evaluations, such that the same immersive context affected hedonic food
evaluations in opposite directions depending on food-context congruity.
Foods that were congruent with the context were expected to taste better
than incongruent foods; similarly, contextually congruent foods trig
gered stronger desires to eat than contextually incongruent foods. A
context switch, rendering previously congruent foods incongruent,
decreased the desire to eat these foods. This in line with a wealth of
studies showing that consumer expectations about a food’s sensory and
hedonic properties are shaped by all kinds of product-extrinsic infor
mation (such as product descriptions, brands, packaging, price, or the
situational context in which a food is consumed; for extensive reviews
and references, see Okamoto & Dan, 2013; Piqueras-Fiszman & Spence,
2015). Assuming that our brains actively generate predictions about
what we will see, hear, smell, taste and feel on the basis of prior expe
riences stored in memory (i.e. predictive coding, Friston, 2005; Clark,
2013), these findings imply that memory representations of prior food
experiences are contextualized. Put differently, food memories incor
porate the situational context in which the food was eaten, shaping our
predictions about how much we will enjoy that food; this would support
a situated, or grounded, theory of desire (Papies & Barsalou, 2015).
Upon tasting, then, no effects of food-context congruity were found
on average liking scores, corroborating the assumption that expected
liking prior to consumption and liking during consumption are
measuring different aspects of the consumption experience (Cardello
et al. 2000) and underlining the importance of how food acceptance is
experimentally assessed in understanding and managing consumer
acceptance (Zandstra & Lion, 2019). This discrepancy between antici
pated and actual hedonic perception may be explained by the additional
sensory information that becomes available once a product is tasted:
consumers will presumably rely less on prior experiences and more on
the actual sensory input when evaluating foods. At the individual level,
however, food-context congruity was found to affect product liking
ratings over time, such that liking ratings were less consistent for foods
that were incongruent with their consumption context. This suggests
that upon tasting, food evaluations are still shaped by prior (contextu
alized) food experiences: as consumers likely have more experience with
contextually congruent foods relative to contextually incongruent foods,
liking ratings for congruent foods will be more consistent. This would
again fit with a predictive coding view (Friston, 2005; Clark, 2013):
tasting (or any form of perceptual processing) is not a purely bottom-up
process, but a continuous matching of incoming sensory input with the a
8
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2019). One may of course question how such findings would translate to
any real-life consumption situation, but findings from initial studies
addressing this question (e.g. Hannum et al., 2019) are promising.
Apart from congruent and incongruent food-context combinations,
the present study included a control condition in the form of a food
product that was not specifically associated with either of the two
immersive contexts. We found that contextually incongruent foods
differed from both congruent and control foods, whereas congruent food
evaluations did not differ from control foods. In other words, the
attested food-context congruity effects seem specifically driven by
incongruent (rather than congruent) food-context combinations. Note,
however, that the selected control food, although compatible with both
immersive contexts, was not equally associated with both contexts:
drinking iced tea at the beach was rated as more appropriate than
drinking iced tea in a sushi restaurant. Also, we did not include an
additional food product that was incongruent with both immersive
contexts (e.g. a warm, non-Asian food such as spaghetti or mashed po
tatoes). For a full understanding of the interplay between foods and their
contexts on food evaluations, future research could make use of a full
cross-over design. Alternatively, a control context rather than a control
food could have been included to manipulate food-context congruity.
We opted for a control food, as an additional context would have
required an additional testing day per exposure group, as well as an
additional group of participants (and hence 9 more days of testing given
the repeated exposure manipulation). Based on our current findings, we
would predict that evaluations of sushi and popsicle in a ‘food-neutral’
environment would be more similar to evaluations in a congruent
environment relative to an incongruent environment, but future
research would be needed to verify this hypothesis. This being said, it
raises the question what such a ‘food-neutral’ environment would look
like, and what would be concluded from such a finding in terms of
external validity (see also Delarue et al. 2019).

between exposure groups to our contextual manipulation.
To simulate real-life environments as much as possible, immersive
contexts in this study were recreated at the macro-level (the physical
environment) as well as the micro-level (e.g. plating, seating), which
induced differences between the contexts at multiple levels. A conse
quence of this multilevel manipulation is that we cannot specify exactly
which aspect(s) of the simulated consumption environment were
responsible for the attested effects. Furthermore, the social context was
not systematically manipulated, but our study set-up aimed to approach
real-life consumption situations in terms of social interaction (by testing
participants in social groups of (superficial) acquaintances rather than
alone), which itself may have affected our results (see e.g. Higgs &
Thomas, 2016). More research will be needed to identify which factors
contribute most to the immersive experience (for a recent example, see
Liu, Hannum, & Simons, 2019), or to tear apart physical from social
context effects on food evaluations, for instance by repeatedly exposing
participants to the immersive contexts individually.

4.1. Limitations

G. van Bergen: Methodology, Formal analysis, Investigation, Data
curation, Writing - original draft, Writing - review & editing, Visuali
zation. E.H. Zandstra: Conceptualization, Methodology, Writing - re
view & editing, Supervision. D. Kaneko: Conceptualization,
Methodology, Writing - review & editing. G.B. Dijksterhuis: Concep
tualization, Methodology, Writing - review & editing. R.A. de Wijk:
Conceptualization, Methodology, Formal analysis, Data curation,
Writing - original draft, Writing - review & editing, Supervision.

5. Conclusion
This study has shown that immersive contexts can be successfully
recreated to elicit food-specific as well as general effects on food eval
uations. Specifically, immersive contexts triggered more positive and
more consistent hedonic evaluations of foods that were congruent with
the context relative to contextually incongruent foods. More generally, a
typical eating environment was found to increase food consumption and
led to more consistent food evaluations over time. As such, this study
makes a case for taking a holistic view on hedonic food testing, and
showcases the potential of using immersive technologies in consumer
research.
CRediT authorship contribution statement

An obvious limitation of this study is the relatively low number of
participants per group, which was difficult to avoid due to time and
economic constraints (multiple sessions per participant and multiple
sessions per day). As a consequence the statistical power of the study is
reduced, preventing us from detecting smaller differences between
groups. For instance, we found no evidence that food-context congruity
effects on anticipated food evaluations differed between exposure
groups, although Figs. 4 and 5 suggest that the effects may be more
pronounced in the beach exposure group relative to the sushi restaurant
exposure group. Moreover, results suggested that food-context congruity
effects varied with repeated exposure to one, but not the other immer
sive context: repeated exposure to the beach context led to an increased
desire to eat sushi (raising the possibility of a contextualized food fa
miliarity effect), while no such effect was found for popsicle after
repeated exposure to the sushi restaurant context. However, no evidence
was found that food-context congruity interacted with repeated expo
sure, nor did we find evidence for three-way interaction between foodcontext congruity, repeated exposure and exposure group, which pre
vents us from drawing conclusions from this result. The study however
was mainly exploratory in nature, and its complex design prohibited us
from testing larger groups. A larger-scale study will be needed to
investigate the extent to which food-context congruity effects differ
across immersive contexts.
Another possible limitation is the between-group manipulation in
our design, i.e., each participant was exposed repeatedly to only one of
the immersive contexts. As a consequence, we cannot exclude the pos
sibility that some of the attested between-subjects effects of context were
in fact due to individual differences between participants. However, the
fact that context effects were found both within and between partici
pants, combined with the fact that group differences were consistent
across multiple outcome variables, strengthens us in relating differences
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and Preference, 84, 103934. https://doi.org/10.1016/j.foodqual.2020.103934
Zandstra, E. H., Weegels, M. F., van Spronsen, A. A., & Klerk, M. (2004). Scoring or
boring? Predicting boredom through repeatedin-home consumption. Food Quality
and Preference, 15, 549–557. https://doi.org/10.1016/j.foodqual.2003.12.001

Cardello, A. V., Schutz, H., Snow, C., & Lesher, L. (2000). Predictors of food acceptance,
consumption and satisfaction in specific eating situations. Food Quality and
Preference, 11(3), 201–216.
Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the future of
cognitive science. Behavioral and Brain Sciences, 36(3), 181–204.
Dalenberg, J. R., Nanetti, L., Renken, R. J., de Wijk, R. A., & ter Horst, G. J. (2014).
Dealing with consumer differences in liking during repeated exposure to food:
Typical dynamics in rating behavior. PLOS One, 9(3), Article e93350. https://doi.
org/10.1371/journal.pone.0093350
de Graaf, C., Cardello, A. V., Matthew Kramer, F., Lesher, L. L., Meiselman, H. L., &
Schutz, H. G. (2005). A comparison between liking ratings obtained under
laboratory and field conditions: The role of choice. Appetite, 44(1), 15–22.
De Wijk, R. A., Kaneko, D., Dijksterhuis, G. B., van Zoggel, M., Schiona, I., Visalli, M., &
Zandstra, E. H. (2019). Food perception and emotion measured over time in-lab and
in-home. Food Quality and Preference, 75, 170–178.
Delarue, J., & Lageat, T. (2019). Conducting contextualized and real-life product tests:
Benefits and experimental challenges. In H. L. Meiselman (Ed.), Context: The Effects
of Environment on Production Design and Evaluation (pp. 457–473). Woodhead
Publishing.
Delarue, J., Brasset, A.-C., Jarrot, F., & Abiven, F. (2019). Taking control of product
testing context thanks to a multi-sensory immersive room. A case study on alcoholfree beer. Food Quality and Preference, 75, 78–86.
Diedenhofen, B., & Musch, J. (2015). cocor: A Comprehensive Solution for the Statistical
Comparison of Correlations. PLoS ONE, 10(4), e0121945.
Essed, N. H., van Staveren, W. A., Kok, F. J., Ormel, W., Zeinstra, G., & de Graaf, C.
(2006). The effect of repeated exposure to fruit drinks on intake, pleasantnessand
boredom in young and elderly adults. Physiology & Behavior, 89, 335–341. https://
doi.org/10.1016/j.physbeh.2006.06.016
Fedoroff, I., Polivy, J., & Peter Herman, C. (2003). The specificity of restrained versus
unrestrained eaters’ responses to food cues: General desire to eat, or craving for the
cued food? Appetite, 41(1), 7–13.
Friston, K. (2005). A theory of cortical responses. Philosophical Transactions of the Royal
Society B, 360(1456), 815–836.
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