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a b s t r a c t

There has been a recent growth of interest in determining whether sound (specifically music and
soundscapes) can enhance not only the basic taste attributes associated with food and beverage items
(such as sweetness, bitterness, sourness, etc.), but also other important components of the tasting
experience, such as, for instance, crunchiness, creaminess, and/or carbonation. In the present study,
participants evaluated the perceived creaminess of chocolate. Two contrasting soundtracks were pro-
duced with such texture-correspondences in mind, and validated by means of a pre-test. The participants
tasted the same chocolate twice (without knowing that the chocolates were identical), each time
listening to one of the soundtracks. The ‘creamy’ soundtrack enhanced the perceived creaminess and
sweetness of the chocolates, as compared to the ratings given while listening to the ‘rough’ soundtrack.
Moreover, while the participants preferred the creamy soundtrack, this difference did not appear to
affect their overall enjoyment of the chocolates. Interestingly, and in contrast with previous similar
studies, these results demonstrate that in certain cases, sounds can have a perceptual effect on gustatory
food attributes without necessarily altering the hedonic experience.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The sound and/or noise in those places where we eat and drink
- such as restaurants and bars - can affect our perception of taste
and flavor (see Spence, 2012; Spence, Michel, & Smith, 2014;
Stafford, Fernandes, & Agobiani, 2012, for reviews). Further-
more, chefs and a number of other food industry professionals
have recently become increasingly interested in the latest scien-
tific findings regarding multisensory flavor perception. As such, a
number of them are starting to use such insights in order to
progressively innovate the design of the multisensory dining ex-
periences that they develop (see Spence, 2015b, for a review).
l, ETRO, Pleinlaan 2, 1050,

rvalho).
Studies assessing the influence of the sound of the food itself have
revealed that this can add significant value to people's experience
of food and drink (e.g., Knight, 2012; Spence & Shankar, 2010; see
Kn€oferle & Spence, 2012 and Spence, 2015a, for reviews). How-
ever, it is important to distinguish here between those sounds that
are made by the food itself when masticated/consumed (see
Spence, 2015a, for a review on the sounds of consumption) and
other unrelated sounds and music that may also influence taste/
flavor perception.

The research reported here focuses on how sounds that are
unrelated to the food itself can nevertheless still influence people's
taste/flavor perception. For instance, recent studies have isolated a
number of specific sonic andmusical parameters (such as pitch and
instrumentation) that can be used to modify tasting experiences,
thus potentially adding significant value and pleasure to the con-
sumer's overall eating/drinking experience (e.g., Bronner, Bruhn,
Hirt, & Piper, 2012; Crisinel et al., 2012; Reinoso Carvalho, Van Ee,
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& Touhafi, 2013; Reinoso Carvalho et al, 2015a,b,c; Reinoso
Carvalho, Wang, Van Ee, & Spence, 2016; Wang & Spence, 2015a,
2015b, 2016). In particular, Reinoso Carvalho et al. (2015a, 2016),
Wang and Spence (2016), and Crisinel et al. (2012) have all
demonstrated that it is possible to compose soundscapes that
systematically affect the perceived flavor of food and/or drinks.
These studies used soundtracks that had been produced specifically
for the purpose of modulating basic taste attributes of food, such as
sweetness and/or bitterness (Reinoso Carvalho et al., 2015a; see
Knoeferle, Woods, K€appler, & Spence, 2015; Kn€oferle & Spence,
2012; Spence & Shankar, 2010, for overviews). Recent research
has also reported that the more a person likes a sound, the more
pleasant they will perceive a subsequently-presented odor (Seo &
Hummel, 2011). Moreover, the rated pleasantness of odors can in-
crease in the presence of congruent sounds (Seo, Lohse, Luckett, &
Hummel, 2014). Both of the aforementioned examples clearly have
relevance to the assessment of food and drink, since flavor
perception involves taste and smell (Spence & Piqueras-Fiszman,
2014). In addition, similar studies have focused on assessing how
music tends to have an effect in the hedonic and perceptual ratings
on tasting experiences, with sound potentially being able to
enhance the general enjoyment of food and drinks (i.e., Kantono
et al., 2015, 2016; Reinoso Carvalho et al., 2015b). Here, sensation
transference has been discussed as an active mechanism that may
account for these effects. The aforementioned studies argue that
the positive feelings that we associate with music end up being
transferred towards the pleasure associated to the food or bever-
ages in question (i.e., Reinoso Carvalho et al., 2016; see Cheskin,
1972, and Spence, 2016, for an overview of the literature on
sensation transference).

As mentioned above, a spate of recent studies has questioned
whether sound can enhance basic taste attributes (i.e., sweetness,
bitterness, sourness, etc.). Moving forward, there is now a growing
interest in determining whether sound can also influence people's
perception of other flavor attributes as well (Spence, 2015a). For
instance, can the presentation of appropriate sounds (that are not
necessarily related to eating/drinking) make food/drinks appear
more/less crispy, crunchy, creamy, and/or carbonated?

In the present study, we hypothesized that specific soundtracks
might affect the perceived texture of chocolate, in particular its
creaminess. Here, it is important to mention that previous similar
research has assessed the various different ways in which the
perceived texture of food can be associated e and potentially
altered e by the different combinations of sensory stimuli. For
instance, round shapes tend to be associated with creaminess
(Yorkston & Menon, 2004). Furthermore, differences in the texture
of a food's surface can also alter its perceived sourness (Slocombe,
Carmichael, & Simner, 2016). Previous research has also demon-
strated that sweeter chocolates are usually associated with rounder
shapes, whereas more bitter chocolates are more commonly
matched with angular shapes instead (Gallace, Boschin, & Spence,
2011; Ngo, Misra, & Spence, 2011; see Spence & Deroy, 2012, and
Bremner et al., 2013, for overviews).

In the experiment reported here, the participants tasted and rated
the same chocolate twice (without knowing that the chocolateswere
identical), each time under the influence of one of two soundtracks.
The soundtracks were produced to evoke either creaminess or
roughness (in this case, roughness has been defined as the opposite
of creaminess). The production of these soundtracks was based on
the published empirical literature. First, the bouba-kiki effect (also
known as the “maluma-takete” effect) was taken into consideration
as a starting point. People tend to associate round/smooth visual/
auditory cues with “bouba”-like words, whereas sharp/rough stimuli
may be naturally associated with more “kiki”-like words (Bremner
et al., 2013; K€ohler, 1929, 1947). With this in mind, one might
associate purer waveforms with smoothness (bouba/maluma) and
more complex waveforms with roughness (kiki/takete). Eitan and
Rothschild (2010) also provided some potential musical guidance
here. These researchers addressedmusical parameters, such as pitch,
loudness, timbre, and how they may affect auditory-tactile meta-
phorical mappings. They found, for example, that a flute's simpler
sound wave was rated as smoother than the more complex sound of
a violin.

2. Methods

2.1. Participants

116 participants (65 females and 51 males; mean age ¼ 35.11
years, SD ¼ 14.49) took part in the experiment, after giving their
informed consent. They reported that they did not have a cold or
any other known impairment of their sense of smell, taste, or
hearing at the time of the study. The participants were informed
that they would be tasting chocolates while sometimes listening to
different pieces of music. The experiment lasted for approximately
10 min.

2.2. Stimuli

2.2.1. Taste stimuli
In order to test the effect of the sound stimuli on different types

of chocolates, two chocolate formulas were chosen for this study.
While designing these chocolate samples, we realized that the only
chocolate formulas that wouldn't have significant changes in color
would be the ones that do not include milk. It was important for us
to keep the color of the chocolate samples as similar as possible, so
that it would not influence participants' responses. Therefore, it
was decided to use only cocoa-based formulas. However, prior the
definitive choices of cocoa percentages, pilot studies were per-
formed in order to determinewhich combination of cacaowould be
appropriate to use for the experiences. These pilots were developed
along with professional chocolatiers, and included several different
formulas. Finally, the chosen formulas had 71% and 80% cocoa
content (both milk-free chocolate formulas, with the following
basic ingredients: cocoa mass, sugar, cocoa butter and natural va-
nilla flavor). Moreover, each formulawas presented in two different
molds (see Fig. 1, top). In total, four different chocolate types were
available, one for each group of participants (see Fig. 1, bottom). The
chocolates were developed at The Chocolate Line factory in Bruges,
under the supervision of the award-wining Belgian chocolatier
Dominique Persoone (www.thechocolateline.be).

Note that all of the experimental chocolate samples had the
same dark brown color, and similar volume (approximately
2.0 cm3).

2.2.2. Auditory stimuli
Two soundtracks were prepared for this experiment, one cor-

responding to smoothness/creaminess, and the other to roughness.
Along with the bouba-kiki effect (K€ohler, 1929, 1947), the rela-
tionship between touch and sound highlighted by Eitan and
Rothschild (2010) acted as a starting point for the production of
the soundtracks. We reasoned that soft/smooth sounds are usually
correlated with long-consonant-legato notes. By contrast, hard/
rough sounds are most likely represented by short-dissonant-
staccato notes. For example, in Eitan and Rothschild's (2010)
study, higher e and louder e pitches/notes were rated as
rougher/harder. Moreover, the sound of the violin was rated as
rougher/harder and drier as compared to the sound of the flute.
That being said, the first soundtrack (produced to be congruent
with creaminess, namely the ‘creamy soundtrack’) consisted of a

http://www.thechocolateline.be


Fig. 1. Round (top-left) and angular (top-right) shapes of the chocolates. Each group tasted one type of chocolate (bottom). All of them had the same color, and each shape was
prepared with the 71%, and 80% cocoa chocolate formula. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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loop-ascending scale of consonant-long flute notes, mixed with
large hall reverberation. The second soundtrack (namely the ‘rough
soundtrack’, was intended to have an opposite effect from creamy
soundtrack) consisted of a loop-ascending scale of three blended
dissonant-dry pizzicato short violin lines.

Both soundtracks had approximately the same pitch range, and
both lasted for approximately 1 min. They were mastered to have
similar dynamics and loudness (Leq1min ¼ 70 ± 3 dBA). Note that
due to the fact that the rough soundtrack has three melodic lines
playing together, with one of those melodies in a higher pitch, it is
possible that this soundtrack may have been perceived as higher in
pitch, when compared to the creamy soundtrack. The soundtracks
can be accessed via the following link: http://tinyurl.com/
creaminess-chocolate (retrieved in October, 2016).

Initially, a pre-test was conducted in order to verify that naïve
listeners would indeed associate each of the soundtracks with the
intended texture. Sixty-five people (36 female, 29 male; Mean
age¼ 31.63 years, SD 16.46) took part in this pre-test. Here, the goal
was to make the rating scales as comprehensive as possible for
naïve listeners, in order to complete the task of evaluating sound-
tracks in terms of tasting attributes. First, we considered that
sweetness and bitterness are usually opposites in terms of valence
e as compared to, for example, sourness and bitterness (Reinoso
Carvalho et al., 2016; Salgado-Montejo et al., 2015; Yarmolinsky,
Zuker, & Ryba, 2009). Second, due to the fact that the opposite of
creaminess may have more than one interpretation (i.e., watery,
rough, lumpy, etc.), we decided to narrow the options down to the
roughness of a chocolate, when compared to its creaminess. That
being said, in this pre-test, we decided to work with two bipolar
dimensional scales, one creamy-rough, and another bitter-sweet.
This decision was made with the intention of providing an objec-
tive way of evaluating two soundtracks that were produced to have
opposite perceptual effects on the texture of chocolate.

Each participant listened to both soundtracks and rated them on
a 7-point bitter-to-sweet scale (‘1’ ¼ Very bitter, ‘4’ ¼ Balanced,
‘7’ ¼ Very sweet), and on a 7-point rough-to-creamy scale
(‘1’ ¼ Very rough, ‘4’ ¼ Balanced, ‘7’ ¼ Very creamy). A significant
difference between the ratings of the soundtracks was reported
(ANOVA, F(2, 127)¼ 0.33.62, p < 0.005, h2¼ 0.35). The results of the
pre-test revealed that the creamy soundtrack was rated as signifi-
cantly creamier (Mean creamy soundtrack ¼ 4.95 SE ¼ 0.17; Mean
rough soundtrack ¼ 3.00 SE ¼ 0.17, p < 0.005) and sweeter (Mean
creamy soundtrack¼ 4.49 SE¼ 0.17, Mean rough soundtrack¼ 3.20
SE ¼ 0.17, p < 0.005), than the rough soundtrack. In summary, the
participants were able to classify both soundtracks as expected.
Fig. 2 shows the aforementioned ratings.

2.3. Design and procedure

2.3.1. Design
The study was approved by the Social Ethics Committee at KU

Leuven e SMEC (Protocol G2016 03 519). Different participants
tasted and rated two identical chocolates in two trials, each time
listening to one of the two soundtracks (all ratings based on 7-point
scales; see supplementary material for complete questionnaire).
The independent variables for each experiment were sound con-
dition (within-participants) and chocolate type (between-partici-
pants). The dependent variables were the ratings that the
participants made for each trial. The soundtracks were presented in
a counterbalanced order across participants. The order of presen-
tation of the questions was fully randomized as well.

2.3.2. Procedure
The ninth floor of the Musical Instruments Museum Brussels

(mim) was chosen as the site for the experiments. Due to its in-
dependent location inside of the museum, being located between
the museum's restaurant on the top floor and the rest of the ex-
hibitions below, it was possible to have a well-controlled experi-
mental environment during experimental hours. Four rectangular
tables were placed in the experimental area, one for each

http://tinyurl.com/creaminess-chocolate
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Fig. 2. Mean values of the pre-test ratings (based on 7-point scale). Error bars indicate standard error (SE). Asterisk (‘*’) indicate a significant difference at p < 0.005.
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experiment, with two computers on each table. The natural light
present in the experimental area was sufficient to provide a more
‘intimate’ ambience. Therefore, artificial light was kept to a
minimum.

Each participant was seated in front of a computer screen. Each
participant had three chocolates, a glass of tap water, a pair of
headphones, a computer mouse, and a keyboard to interact with
the survey. The calibration of the reproduction system was set to a
comfortable e but at the same time immersive e listening level of
Leq1min ¼ 70 ± 3 dB (corresponding to 50% of the volume of the
existent sound system). The soundtracks were presented over
SONY MDRZX310 headphones. Note that the participants were not
able to hear the sounds from the other participants' headphones.

The survey consisted of an electronic form containing three
main steps. In the first step of the survey, the participants were
instructed to read and accept the conditions of the informed con-
sent before entering their personal details. They were instructed to
drink water before eating each one of the experimental chocolates.
Prior to eating, the participants were also instructed not to chew
the chocolates, but to let them melt inside the mouth. This in-
struction was included in order to help standardizing the way that
all the participants experienced the texture of the experimental
chocolates (see supplementary material for complete instructions).

In a second step, the participants had to taste a small drop of
bitter chocolate, as a covariant (such chocolate drop was part of an
industrial batch of ‘Callebaut Dark Callets’, recipe 70-30-38, with
70.5% cocoa). Here, they rated how much they liked it, and how
sweet, bitter, and creamy they thought that it was. In this part of the
experiment, the participants tasted and rated the chocolate
without any sound.

In the third and final step, the participants were randomly
assigned to one of four groups. This assignment defined which of
the four available chocolate types (71% angular, 71% round, 80%
angular, or 80% round) they would taste (see Fig. 1). Here, they had
to taste and rate the same chocolate twice, each time listening to
one of the two soundtracks. Both chocolates were numbered.
Hence, the participants were instructed to eat chocolate Number 1
first, while listening to the first soundtrack, and then chocolate
Number 2, while listening to the second soundtrack. After tasting
each chocolate, they rated how much they liked it, how sweet,
bitter, and creamy they thought it was. They also rated how much
they liked each soundtrack, and howmuch they thought it matched
the taste of the chocolate (all ratings based on individual 7-point
scales, with ‘1’ being ‘Not at all’, ‘4’ ‘Neutral’ and ‘7’ ‘Very much’;
see supplementary material for complete questionnaire).

Together with the written guidelines concerning the experi-
ment, at least one supervisor was present during the experiment in
order to provide guidance and support. Upon finishing the exper-
iment, the participants were instructed to leave the room without
discussing any details with the next group of participants. The
experiment lasted for around 10 min.

2.3.3. Data analysis
A repeated-measures multivariate analysis of variance (RM-

MANOVA) test was performed, with soundtrack condition as the
within-participant factor, and chocolate type (shape/cocoa content)
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as the between-participants factor. Furthermore, we calculated
Pearson's correlation coefficients for participant ratings in order to
understand any relationships behind the participants' evaluations.
All of the post-hoc pairwise comparisons were Bonferroni
corrected.

3. Results

3.1. Multivariate tests

Chocolate type did not have a significant effect on the partici-
pants' ratings (F(18,327) ¼ 0.1.46, p ¼ 0.103, partial h2 ¼ 0.074), but
soundtrack condition did (F(6,107) ¼ 6.26, p < 0.005, partial
h2 ¼ 0.260). More specifically, participants reported that the
chocolates tasted creamier while listening to the creamy sound-
track, as compared to the rough soundtrack (p ¼ 0.002; Mean
creamy soundtrack ¼ 4.07, SE ¼ 0.14; Mean rough
soundtrack ¼ 3.67, SE ¼ 0.14). The participants also reported that
the chocolates tasted sweeter while listening to the creamy
soundtrack (p ¼ 0.004; Mean creamy soundtrack ¼ 3.77, SE ¼ 0.13;
Mean rough soundtrack ¼ 3.39, SE ¼ 0.12), and that the chocolates
tasted more bitter while listening to the rough soundtrack
(p¼ 0.010; Mean creamy soundtrack¼ 3.92, SE¼ 0.12; Mean rough
soundtrack ¼ 4.23, SE ¼ 0.12).

Moreover, the participants reported having liked the creamy
soundtrack significantly more than the rough soundtrack
(p < 0.005; Mean creamy soundtrack¼ 3.64, SE¼ 0.16; Mean rough
soundtrack ¼ 2.53, SE ¼ 0.13). When comparing how well they
thought the soundtracks matched the taste of the chocolates, a
trend suggested that the creamy soundtrack might have been a
better match than the rough soundtrack (p ¼ 0.077; Mean creamy
soundtrack ¼ 3.74, SE ¼ 0.15; Mean rough soundtrack ¼ 3.36,
Fig. 3. Participants' mean ratings (based on 7-point scale). For each attribute, the left
column (black) corresponds to rough soundtrack ratings, and the right column (gray)
to creamy soundtrack ratings. Error bars indicate standard error. Asterisks ‘*’ indicate a
significant difference at p ¼ 0.010, between the rough and creamy soundtracks ratings.
SE ¼ 0.15). Finally, no significant differences were found in terms of
participants' enjoyment of the chocolates when comparing the two
soundtrack ratings (p ¼ 0.161; Mean creamy soundtrack ¼ 4.49,
SE ¼ 0.12; Mean rough soundtrack ¼ 4.32, SE ¼ 0.13; see Fig. 3).

The participants were further subdivided in two groups e those
who liked the creamy soundtrack more than the rough soundtrack
(N ¼ 71), and the rest (N ¼ 38). Such a grouping e namely
‘soundtrack preference’ ewas included as an independent variable
as part of the main analysis. Here, the results revealed a significant
interaction between soundtrack condition and soundtrack prefer-
ence (F(6,109) ¼ 47.89, p < 0.005, Pillai's Trace¼ 0.98), in particular
for chocolate liking (F(1,114) ¼ 12.51, p ¼ 0.01, partial h2 ¼ 0.10),
chocolate-soundtrack match (F(1,114) ¼ 32.44, p < 0.005, partial
h2 ¼ 0.22), and creaminess (F(1,114) ¼ 5.02, p ¼ 0.027, partial
h2 ¼ 0.04). For chocolate liking and chocolate-soundtrack match,
the participants tended to give a higher rating to whichever
soundtrack they preferred. However, for creaminess ratings,
Bonferroni-corrected post-hoc testing revealed that only the group
that preferred the creamy soundtrack reported higher creaminess
ratings while listening to the creamy soundtrack (p < 0.005). By
contrast, there was no significant interaction effect of soundtrack
condition and soundtrack preference on sweetness (F(1,114) ¼ 0.41,
p ¼ 0.52) or bitterness ratings (F(1,114) ¼ 0.65, p ¼ 0.42).

3.2. Correlations

Table A shows the calculated correlations (See Appendix for
Table A). Sweetness and creaminess ratings were positively corre-
lated with chocolate liking, whereas bitterness ratings were nega-
tively correlated with the three aforementioned attributes.
Moreover, chocolate liking and creaminess were positively corre-
lated with soundtrack liking and chocolate-soundtrack matching.
Finally, soundtrack liking and chocolate-soundtrack matching were
positively correlated. In summary, there was a positive relationship
between soundtrack liking, chocolate liking, and chocolate sweet-
ness/creaminess ratings.

4. Discussion

In the present study, two soundtracks were produced with the
aim of modulating the perceived creaminess of chocolate. The first
soundtrackwas produced to be congruent with creaminess, and the
secondwith roughness. Note that both soundtracks were compared
and validated by means of a pre-test. In total, four chocolate sam-
ples were produced, with a combination of two shapes (round/
angular) and two formulas (71% and 80% cocoa). The participants
were subdivided into four groups, one corresponding to each of the
available chocolate types. In each group, the participants tasted and
rated the same chocolate twice, each time under the influence of
one of the soundtracks.

The results revealed that the soundtracks had the predicted
effect on the perceived creaminess of the chocolates (see Fig. 3). In
particular, the creamy soundtrack significantly elevated ratings on
creaminess, when compared to the effects of the rough soundtrack
(that potentially decreased the perceived creaminess). In addition,
there was a direct relationship between ratings of sweetness and
creaminess. Table A reveals that creaminess and sweetness ratings
were positively correlated, whereas creaminess was negatively
correlatedwith bitterness. These correlations also highlight the fact
that creaminess and sweetness are positively correlated with
chocolate liking (see Table A). One possible explanation for these
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correlations is that there may have been a general confound in the
mind of the participants between creaminess and sweetness rat-
ings. In particular, sweetness was perhaps used as a proxy for
creaminess. Two analogous cases have been reported previously
with alcoholic beverages, where those who are generally poor at
estimating alcohol content, may use taste cues as a substitute. For
instance, Stafford et al. (2012) reported that ratings of alcohol
content were correlated with bitterness ratings in vodka when
participants tasted a variety of vodka-juice mixtures at different
alcohol levels. On top of that, it seems that high-impact flavor may
be used as a proxy for alcohol content as well, such as hoppiness/
bitterness in the case of beer (i.e., Reinoso Carvalho et al., 2016; see
also Harrar, Smith, Deroy, & Spence, 2013).

It is also important to highlight the fact that, when producing
the creamy soundtrack, some musical attributes that were here
considered as congruent with creaminess, are also parameters that
are usually correlated with sweetness. The same goes for the
musical attributes that were here considered as congruent with
roughness, which are also commonly correlated with bitterness.
For example, consonance (melodic and/or harmonic), legato artic-
ulation, and low discontinuity are all musical parameters that were
previously reported as being congruent with sweetness. Here the
abovementioned parameters were used to be congruent with
creaminess as well. On the other hand, higher discontinuity and
dissonance (in this case, harmonic) are parameters that were pre-
viously reported as congruent with bitterness, and were here used
as incongruent with creaminess (see Kn€oferle & Spence, 2012; and
Knoeferle et al., 2015, for a review on musical and psychoacoustic
parameters and their correspondent congruency with basic taste
attributes). That being said, it would be plausible that these
soundtracks could also have had an enhancing effect on the
perceived texture of the chocolates while, in parallel, potentially
having a perceptual effect on the chocolate's sweetness and
bitterness.

In general, the participants liked the creamy soundtrack signif-
icantly more than the rough soundtrack. On the basis of this result,
it could be presumed that the greater enjoyment of the creamy
soundtrack could have enhanced chocolate liking (Kantono et al.,
2015, 2016; see Cheskin, 1972, and Spence, 2016, on the notion of
sensation transference), which then heightened the perceived
creaminess of the chocolate (shown in the correlations present in
Table A). A further subdivision of the data (splitting the participants
by soundtrack preference) revealed that only those who preferred
the creamy soundtrack rated the chocolate as creamier while
listening to the creamy soundtrack, thus implying a role of sensa-
tion transference in modulating participants' responses. It is
equally important to note that we did not observe a similar inter-
action effect for either sweetness or bitterness ratings.

Furthermore, such differences in people's liking for the sound-
track did not affect their overall enjoyment of the chocolates1 (see
Fig. 3). Previous similar studies have reported that music tends to
have an effect in the hedonic and perceptual ratings on food/bev-
erages multisensory tasting experiences, with sound enhancing the
enjoyment of food and drinks (cf. Kantono et al., 2016; Reinoso
Carvalho et al., 2015b; Spence et al., 2014).

The results reported here may well prove useful for innovators
in the food industry. They demonstrate that sounds can, in some
cases at least, have a perceptual effect on food without altering its
hedonic experience, regardless of the fact that people might prefer
one sound stimulus over the other (cf. Wang & Spence, 2015b). The
results of the present study reveal that the soundtracks that were
1 Although we did observe individual correlations between soundtrack liking and
chocolate liking, which is in line with results from Wang and Spence (2015b).
produced specifically for this study could be considered as a reliable
baseline for the production of other soundtracks, to be used in
future similar assessments.

Nevertheless, there are a few limitations of the present study
that are worth mentioning here and which deserve to be assessed
in future work. Principally, with these results it is difficult to
conclude whether there is only one, or perhaps several mecha-
nisms underlying these sound-chocolate associations. It would
appear that there are a number of explicit crossmodal sound-
flavor correspondences, driven mainly by the salient musical at-
tributes of each soundtrack. However, since there is a clear cor-
relation between soundtrack and chocolate liking, it could be
argued that the present results hinge on some form of sensation
transference effect rather than reflecting a ‘true’ crossmodal cor-
respondence, at least when it comes to the creaminess ratings.
Still, most of the musical attributes used in these exercises were
chosen on the basis of contrast (think of consonant versus
dissonant harmonies, reverberant versus dry ambiances, and so
on). That being said, a plausible assumption would be that as-
sessments such as this one would most likely be under the con-
stant subjective preference of each participant, especially when
working with those individuals lacking of specific musical
training. For instance, most people prefer listening to consonant
harmonies over dissonant ones, and so on.

Moreover, it is also worth highlighting the fact that the
soundtracks produced for this experiment are simple in terms of
their musical composition (see Section 2.2). A similar exercise
could use more complex sound stimuli (i.e., with more instru-
mental layers and/or more sound effects). This way, it would be
possible to assess the potential of, for example, using popular
music formats in order to modulate the perceived creaminess of
chocolate (just think of all the music, e.g., advertising jingles, that
are not produced with any thought given to sound-taste corre-
spondences, but which could nevertheless still have an effect on
people's expectations and/or final perception concerning the taste
and flavour of food and drink).

In this discussion, we argue that sweetness may have been used
as a proxy for creaminess, and that this might be the product of
confound. Such confound may be related to some kind of halo-
dumping effect as well. Similar research has shown that flavor
ratings may be affected by the usage of repeated category ratings.
For instance, a decrease in sweet-intensity ratings was previously
observed when participants were given flavor and sweetness
response alternatives that when they were given only a single
sweetness scale as option for rating (Clark & Lawless, 1994). Such
observations should be considered while designing future experi-
ments in this area.

Here, it is interesting to note that the different types of chocolate
(shape and cacao content) did not have a significant impact on our
results. Previously, by contrast, it has been reported that round
shapes tend to be associated with creaminess (see Yorkston &
Menon, 2004, for the association of round vowel sound with
creaminess), and food with a rougher surface can be perceived as
sourer, when compared with food samples having a smoother
surfaces (Slocombe et al., 2016). Moreover, previous research has
also revealed that people tend to match sweeter chocolates with
rounder shapes, and chocolates that are more bitter with angular
shapes (Gallace et al., 2011; Ngo et al., 2011; see Spence & Deroy,
2012, for a more general approach on the relation of shapes and
taste/flavors; though see also Bremner et al., 2013, for cross-cultural
differences). Apparently such changes in shape can affect the
experience of consumers. For example, recently, a number of cus-
tomers reported having experienced a sweeter new version of a
milk chocolate bar, whereas the company (Cadbury) stated that the
only thing that had changed in the novel chocolate's design was its
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shape - from an old rectangular design into a new rounder one2,3

(Spence, 2014). Of course, in our experimental design, the shape
and cacao content of the chocolates were varied on a between-
participants basis, and soundtrack condition was a within-
participants variable. Using such a design, the soundtracks had a
significant effect on the perceived taste and creaminess of the
chocolates, whereas there was no apparent effect of the differences
of the chocolates samples on ratings. Future complementary
research could rehearse inverting the design/factors and imple-
ment, for example, different groups of soundtracks, where people
listen to the same soundtrack twice, eating each time a chocolate
with a different shape. Should a different pattern of results be ob-
tained under such conditions, this might well add weight to the
claim that crossmodal correspondences typically rely on explicit
contrast for their effectiveness (see Spence, 2011, for an overview
on crossmodal correspondences).

Finally, in future experiments it would perhaps also be inter-
esting to assess the potential perceptual effect that these sounds
may have on other types of chocolate (such as milk-based ones). A
comparison between, for example, a wider contrast between
chocolate formulas (i.e. a milk-based versus a more bitter chocolate
- such as the ones we are using here), may provide us with new
insights. In such a case, it should also be considered that these
chocolates would most likely have significantly different colors.
Therefore, a solution in this case may be to artificially color all the
chocolates within the same color range, although this might bring
other visual factors into the experimental design that would be
necessary to consider as well.
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Supplementary data related to this article can be found at http://
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