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Abstract

Although taste and smell seem hard to imagine, some people nevertheless report vivid imagery in

these sensory modalities. We investigate whether experts are better able to imagine smells and tastes

because they have learned the ability, or whether they are better imaginers in the first place, and so

become experts. To test this, we first compared a group of wine experts to yoked novices using a

battery of questionnaires. We show for the first time that experts report greater vividness of wine

imagery, with no difference in vividness across sensory modalities. In contrast, novices had more

vivid color imagery than taste or odor imagery for wines. Experts and novices did not differ on other

vividness of imagery measures, suggesting a domain-specific effect of expertise. Critically, in a sec-

ond study, we followed a group of students commencing a wine course and a group of matched con-

trol participants. Students and controls did not differ before the course, but after the wine course

students reported more vivid wine imagery. We provide evidence that expertise improves imagery,

exemplifying the extent of plasticity of cognition underlying the chemical senses.
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1. Introduction

There are considerable individual differences in the ability to imagine. Experts—indi-

viduals with in-depth knowledge and abundant practical experience in a domain
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(Ericsson, Prietula, & Cokely, 2007; Weinstein, 1993)—have more vivid imagery. Expert

abacus users, for whom visual imagery is pertinent, are better at imagining pictures than

novices (Hatta & Miyazaki, 1989); while perfumers report more ease in evoking odor

images (Gilbert, Crouch, & Kemp, 1998; Plailly, Delon-Martin, & Royet, 2012), reflected

also in functional changes in brain regions involved in odor imagery (Plailly et al., 2012).

Similarly, in a task where participants have to choose which of two stimuli best matches

a third, chefs respond faster when imagining similarities between fruit smells, while musi-

cians are faster imagining similarities between musical instrument timbres (Bensafi et al.,

2017; Bensafi, Tillmann, Poncelet, Przybylski, & Rouby, 2013). Together these studies

suggest experts are better than novices at imagery across sensory modalities, including

smell.

The fact that experts are better at olfactory imagery is interesting because previously it

has been claimed that the average person simply cannot imagine odors at all (Arshamian

& Larsson, 2014; Stevenson & Case, 2005). In fact, there appears to be a general asym-

metry in the ability to conjure perceptual imagery: The self-reported frequency of mental

imagery differs across modalities, with vision being imagined most often, and smell and

taste least often (Lawless, 1997). Similarly, there are differences in the vividness of self-

generated imagery. When people are able to conjure an image, they report it is most vivid

for vision, followed by sound and touch, with smell and taste imagery being the least

vivid (Andrade, May, Deeprose, Baugh, & Ganis, 2014). This makes cases of smell and

taste imagery in experts particularly interesting to probe in detail, since it suggests this

asymmetry between the senses may not be cast in stone (cf. Majid et al., 2018).

Differences in imagery between experts and novices are usually interpreted as the pro-

duct of training and practice. For example, motor imagery training has been found to

improve the ability to visualize skating movements in ice skaters (Rodgers, Hall, & Buck-

olz, 1991). Similarly, music training improves imagery for the pitch of song notes and

acoustic character of everyday sounds, but not visual imagery for objects (Aleman,

Nieuwenstein, B€ocker, & de Haan, 2000). Such studies suggest imagery ability is honed

by learning.

However, current studies cannot rule out pre-existing differences between good and

poor imaginers. A genetic predisposition may prompt someone to select a profession in

which their abilities are rewarded, for example. In other words, the ability to engage in

olfactory and gustatory imagery may predispose someone to become a wine expert. It is

clear that there are common neurobiological traits between some experts. Specific genetic

variants are predictive of musical aptitude and creativity (e.g., Oikkonen et al., 2014),

and music expertise is strongly heritable (Mosing, Madison, Pedersen, Kuja-Halkola, &

Ull�en, 2014). Similarly, the ability to taste the bitter substance PROP—a genetically pre-

determined phenotype—is found more often in wine experts than the general population

(e.g., Hayes & Pickering, 2011).

So either experts are better imaginers in the first place, and so become experts; or through

training and practice, experts learn skills that enable them to become better at imagining.

Existing cross-sectional studies comparing imagery abilities cannot tease apart the role of

learning versus pre-existing dispositional differences. Here we test these two possibilities
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with wine experts in the multisensory domain of wine. We ask for the first time whether wine

experts have superior imagery for wine; and, if so, whether this ability is learned.

Before testing the role of learning, it is important to first establish whether wine experts

do, indeed, have better imagery for wines. Some researchers have been skeptical about

whether wine experts really have exceptional abilities (e.g., Quandt, 2007). So we cannot

simply assume sensory imagery for wines is better in wine experts without specifically test-

ing for it. At the same time, there are good reasons to think imagery would be better in this

cohort. Wine experts have to be able to represent the colors and odors—as well as flavor—

of wine with acuity (Shepherd, 2015; Tempere, de Revel, & Sicard, 2019). Typically an

expert will begin by visually inspecting a wine for clarity and color. Next, the wine will be

swirled and sniffed; and only then will it be tasted. In addition, wine experts compare the

wine at hand with memorized prototypical wines (Parr, 2018), so as to appreciate and

describe a fine wine. Language can direct an expert’s attention to specific components of a

wine (cf. Goldstone, 1998; Majid, Bowerman, Kita, Haun, & Levinson, 2004), making cer-

tain odors and flavors more salient. Honing attention in this way could further affect how

wine is remembered and imagined (cf. White, Thomas-Danguin, Olofsson, Zucco, & Pre-

scott, 2020). So, a priori, imagery ought to play a pertinent role in wine expertise (Tempere

et al., 2019), although the critical empirical evidence is lacking.

We began by first testing whether wine experts have more vivid imagery for the color,

odor, and taste1 of wines than novices. To this end, we used the recently constructed and

validated Vividness of Wine Imagery Questionnaire (VWIQ; Croijmans, Speed, Arsha-

mian, & Majid, 2019). This questionnaire presents individuals with different scenes (e.g.,

a wine tasting, a dinner in a restaurant) that participants were instructed to imagine, and

then to rate for vividness of the corresponding imagery of the featured wine.

Critically, in a second study, we implemented a longitudinal design where we followed

students enrolled in a training course to become vinologists. Students and matched con-

trols completed the VWIQ at two time points, for students before and after training. We

were thus able to determine whether differences in imagery ability are precursors to

becoming a wine expert or whether imagery is learned through training.

2. Study 1: Are wine experts better at imagining the multisensory aspects of wine?

2.1. Participants

A total of 146 Dutch participants, all living in the Netherlands at the time of the exper-

iment, were recruited for this study. All participants self-reported normal olfactory func-

tioning, and in case of a cold or hay-fever, testing was postponed until the participant

was well. Previous studies testing olfactory imagery in experts have employed relatively

smaller sample sizes (e.g., Bensafi et al., 2017, n = 13 professional cooks; Plailly et al.,

2012, n = 14 student perfumers, n = 14 professional perfumers). Our expert sample size,

which was based on the availability of experts, was five times larger. There were 66 wine

experts (20 female; Mage = 48.7 years old, range 21–70). They were either experienced
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professionals in the field of wine (e.g., vinologists, certificated sommeliers) or amateur

connoisseurs with an attested interest in wine (e.g., had an extensive wine collection or a

vineyard) following previous criteria of what constitutes a wine expert (Melcher &

Schooler, 1996). These experts were recruited by actively approaching experts in stores

and through e-mail and phone, as well as via word-of-mouth. In addition, a few experts

responded to a call placed in a magazine.

Sixty-six Dutch novices were matched to the experts in age and gender (20 female;

Mage = 49.0 years old, range 24–70). The remaining 14 participants were excluded from

analyses since they did not meet the expert criteria outlined above, but could not be con-

sidered wine novices either (n = 3). Others were excluded because experts and novices

were recruited and tested in parallel, and novices could not be yoked to a wine expert

based on age or gender (n = 11). A t test confirmed that the expert and novice group in

the final sample did not differ in age, t(130) = 0.21, p = .836.

To establish whether groups differed on wine expertise, the Wine Knowledge Test

(WKT; Croijmans & Majid, 2016) was administered. This questionnaire consists of 15

questions about wine, for example “What is the traditional color of wine made of

chardonnay grapes?” and “What is the difference between aroma and bouquet?” The

responses showed high internal consistency, McDonald’s x = 0.854. The questionnaire

confirmed wine experts (M = 13.61, SD = 1.2) had significantly higher wine knowledge

than novices (M = 7.91, SD = 2.2), t(130) = �18.49, p < .001, d = 3.2.

2.2. Materials

2.2.1. Wine imagery

We administered the Dutch version of the VWIQ (see Croijmans et al., 2019). The

VWIQ is composed of six scenarios related to wine assessing the vividness of the imag-

ined wine for color, smell, and taste; for example, “Imagine you are going to a short wine

tasting where you will try different wines. The tasting starts with a French white wine, a

Sauvignon Blanc,” with each scenario followed by three 5-point rating scales (ranging

from “1—no image at all, just knowing that I am thinking about the object” to “5—per-

fectly clear and as vivid as the real situation”). The VWIQ ratings were averaged across

scenarios by perceptual modality: color (VWIQ-C), odor (VWIQ-O), and taste (VWIQ-

T). Scores on each subscale ranged from 1 (low imagery vividness) to 5 (high imagery

vividness). The questionnaire showed high internal consistency, McDonald’s x = 0.916.

2.2.2. Imagery for everyday odors

Since there is controversy over the existence of odor imagery in the field, we also

administered a Dutch version of the established odor imagery questionnaire (i.e., the

VOIQ; Gilbert et al., 1998). This questionnaire furthermore allows for a test of the

domain specificity of wine expertise: Since wine experts are preoccupied with their sense

of smell, they may also improve their general odor imagery ability. In contrast hand, if

wine expertise is truly domain specific (i.e., restricted to the domain of wine), wine
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experts should not report more vivid imagery for common everyday odors, but only for

wine. The VOIQ contains 16 statements describing olfactory scenes (e.g., “The smell of

your shirt or blouse when you remove it”). Participants were instructed to imagine each

scene and rate how vivid their mental image was using the same 5-point scale as the

VWIQ. However, the VOIQ scale scores are reversed compared to the VWIQ (with

scores ranging from “1—perfectly clear and as vivid as the real situation” to “5—no

image at all, just knowing that I am thinking about the object”), so all VOIQ question

scores were reverse scored; that is, higher scores indicated more vivid imagery in both

questionnaires. The VOIQ is scored by averaging across the 16 questions with final scores

ranging between 1 (low imagery vividness) and 5 (high imagery vividness). The internal

consistency of this questionnaire was high, McDonald’s x = 0.907.

2.3. Procedure

Written consent was obtained before the experiment began. Participants completed the

three questionnaires during a break of a different experiment also involving wine. The

questionnaires were completed using paper and pencil, and they were always completed

in the same order: VWIQ, VOIQ, WKT. Both Study 1 and Study 2 were approved by the

Ethics Assessment Committee, Humanities Lab at Radboud University, and carried out in

accordance with the provisions of the World Medical Association Declaration of Hel-

sinki.

2.4. Results

To test the hypothesis that experts are better than novices at imagining wine, the scores

on the individual modalities of the VWIQ were compared between groups using a mixed

ANOVA, with Modality (three levels: color, odor, and taste) as a within-participants fac-

tor and Expertise (two levels: wine experts and novices) as a between-participants factor.

Corrections in the degrees of freedom for sphericity assumption violations were applied

where appropriate.

Wine experts reported more vivid imagery for wines overall, F(1, 130) = 28.93,

p < .001, g2
p = 0.18. In addition, there was a main effect of Modality, F(2, 260) = 15.02,

p < .001, g2
p = 0.10. This main effect must be interpreted in the context of a significant

interaction between Modality and Expertise, F(2, 260) = 5.16, p = .006, g2
p = 0.04. Pair-

wise comparisons showed that for novices, visual imagery (M = 3.58, SD = 0.62) was

more vivid than taste imagery (M = 3.30, SD = 0.67), p = .002, d = 0.59 and odor ima-

gery (M = 3.17, SD = 0.73), p < .001, d = 0.46; and taste imagery, in turn, was more

vivid than odor imagery, p = .04, d = 0.14. In contrast, wine experts showed no differ-

ence in vividness of imagery across modalities, ps > .05 (see Fig. 1). In addition, wine

experts had more vivid imagery than novices for each modality separately (ps < .01).

Wine experts did not, however, report enhanced imagery for everyday odors (see

Fig. 2). Using an Expertise (wine experts vs. novices) by Odor type (wine odors vs.

everyday odors) ANOVA, scores on the VWIQ-smell subscale and VOIQ were compared

between the two groups. Wine experts reported overall more vivid imagery, evidenced by
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a main effect of Expertise, F(1, 130) = 16.09, p < .001, g2
p = 0.110. There was a main

effect of Odor type, F(1, 130) = 19.64, p < .001, g2
p = 0.131, but there was also a signifi-

cant interaction, F(1, 130) = 28.34, p < .001, g2
p = 0.179. Pairwise comparisons showed

Fig. 1. Boxplots displaying mean VWIQ scores per modality for wine experts and novices for Study 1. Note:

Box-and-whisker plots display median, first and third quartiles ranges, and whiskers indicate range of the

data. Diamonds portray individual data points. Icons represent the imagery modalities: color, smell, and taste.

Fig. 2. Boxplots displaying imagery vividness scores for wine smells (VWIQ) and common smells (VOIQ),

for wine experts and novices, for Study 1. Note: Box-and-whisker plots display median, first and third quar-

tiles ranges, and whiskers indicate range of the data. Diamonds portray individual data points. Asterisk (*)

denotes a significant difference with p < .001.
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wine experts reported more vivid imagery for wine odors (M = 3.84, SD = 0.65) than

novices (M = 3.17, SD = 0.73), p < .001, d = 0.97, but there was no difference in vivid-

ness for imagery of everyday odors between experts (M = 3.80, SD = 0.55) and novices

(M = 3.68, SD = 0.65), p = .245, d = 0.20.

We show for the first time that wine experts have more vivid multisensory imagery for

wines than novices. Novices’ vividness of imagery followed the previously attested hier-

archy of sensory imagery (Andrade et al., 2014; Lawless, 1997), with more vivid imagery

for visual aspects of wine (i.e., the color), than for the taste or odor—modalities that are

also traditionally regarded as difficult to imagine, and paralleling findings on olfactory vs.

visual language, for example (e.g., Majid et al., 2018). But this asymmetry was absent in

wine experts: wine experts had equally vivid imagery for all modalities. Importantly, the

more vivid imagery of experts was restricted to wine; wine experts did not differ from

novices in their imagery for everyday odors.

3. Study 2: Is expert imagery learned or innate?

To assess whether the enhanced multisensory wine imagery displayed by experts in

Study 1 is learned or innate, we measured wine imagery in budding wine experts before

formal training and 6 months into an intensive course on wine, and compared their

behavior to a matched control sample. One major factor to take into consideration is that

people seeking to become a wine expert already have an initial interest in wine. So we

would expect wine students and controls might differ in basic, factual knowledge about

wines. Critically, however, if wine imagery draws on elaborated perceptual and cognitive

training learned through a practical wine course, then wine students should only show

enhanced imagery after such training.

3.1. Participants

Participants studying for “registervinoloog” (registered vinologist, Dutch SDEN 4,

comparable to WSET level 42) were recruited from a cohort of new students from the

Dutch “Wijnacademie” (Wine Academy
3). This training consists of several courses over

6 months, involving weekly theory sessions in the morning and practical sessions recog-

nizing and distinguishing wines in the afternoon. Students are estimated to have tasted

roughly 600–800 different wines over the course of 6 months.

To be able to detect a medium effect (f = 0.25) with a statistical power of .80 for a

mixed interaction, the targeted sample size was 82. All students (approximately 50) who

enrolled in the course were invited to take part in the study. We were able to recruit 77

participants in total. Thirty-two students (15 women; Mage = 43.6 years, range 22–66)

agreed to participate, 14 of whom reported having a background in the food and beverage

industry, for example working in a restaurant (n = 5), working as a coffee roaster

(n = 2), or working in the food department of a supermarket or deli (n = 7). All students

had successfully followed entry-level courses in wine. Twenty students (i.e., 62.5%; 9
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women; Mage = 45.5 years, range 27–63) also completed the survey at time 2 (T2). A

group of 45 control participants (30 women; Mage = 40.4 years, range 25–64) with little

experience of wine other than being occasional consumers were also recruited. Of this

group, 37 (82.2%) also completed the survey after 6 months, at T2 (25 women;

Mage = 41.1 years, range 25–64). In the group of participants who completed the ques-

tionnaires both at T1 and T2, there was no significant difference in age, t(55) = 1.18,

p = .211, or gender, v2(1) = 2.75, p = .097.

3.2. Materials

At T1 the VWIQ, VOIQ, and WKT were administered. Internal consistency of these

questionnaires was high (xVWIQ = 0.946; xVOIQ = 0.917; xWKT = 0.888). In addition,

participants reported their wine expertise, using the Self-rated Wine Expertise Question-

naire (SWEQ, Dutch translation from Johnson & Bastian, 2007). This five-item question-

naire asks participants to compare their knowledge of wine to peers in different situations

(e.g., “Among my circle of friends, I am one of the ‘experts’ on wine”) on a scale rang-

ing 1 (strongly disagree) to 9 (strongly agree). The SWEQ also had high internal consis-

tency, McDonald’s x = 0.922. Finally, because the control participants needed to be

smell and flavor novices, we asked all participants to report their background involvement

in the food and beverage industry, using open questions (“Have you followed any courses

related to food, drinks, or smells and tastes in general? Think for example of courses in

the area of coffee, tea, chocolate, cooking courses, perfume workshops, etc. And if so,

please specify these here.”). These questions were checked for aberrations (e.g., whether

someone may be considered a wine expert in the control group), but otherwise they were

not analyzed.

The follow-up at T2 consisted of the same questionnaires as administered in T1, with

the addition of the Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973).

This was included as an additional test of imagery across modalities. Since we expected

wine training to only affect wine imagery, we hypothesized no differences for visual ima-

gery for everyday scenes (following the results of the VOIQ in Study 1). The VVIQ was

completed twice: once with eyes open and once with eyes closed. The VVIQ attested

high internal consistency, xeyes open = 0.937; xeyes closed = 0.949. In addition, at T2 par-

ticipants reported how much time they spent per week tasting wine; and how many dif-

ferent wines and glasses of wine per week they had tasted in the past year.

3.3. Procedure

Participants received a letter explaining the procedure before taking part in the study,

and signed to confirm they understood and confirmed their participation was voluntary.

All participants received a gift voucher of €10 for each test session. Students completed

the first survey using paper and pencil during the first month of the 9-month course they

were enrolled in and completed the second survey online using Qualtrics after 6 months.

Controls completed both surveys online using Qualtrics, with approximately 6 months

between both measurements.
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3.4. Data processing

VWIQ, VOIQ, and WKT scores were treated in the same way as in Study 1, and an

average VVIQ score (averaging eyes-closed and eyes-open scores) was also calculated.

The SWEQ questions 2, 4, and 5 were reverse scored, and all five items then summed

into a subjective wine expertise score.

Only data from participants who completed the questionnaire at both times were

included (n = 57). One participant from the student group was excluded as they were an

outlier on several of the questionnaires (following the outlier criterion M � 2.5 SD).

3.5. Results

As expected, students and controls differed in their wine knowledge even before train-

ing according to both the WKT and SWEQ. Using ANOVA, with Group (students, con-

trols) as a between-participant factor, and Time (T1, T2) as within-participant factor, we

found a main effect of Group on wine knowledge (WKT): Students (M = 13.68,

SD = 0.75) had significantly higher scores than controls (M = 7.81, SD = 2.53), F(1,

55) = 102.18, p < .001, g
2
p = 0.650. There was no effect of Time, F(1, 55) = 1.26,

p = .267, g2
p = 0.022, and no interaction between Group and Time on wine knowledge

scores, F(1, 55) = 1.26, p = .267, g2
p = 0.022. Students also rated their own wine exper-

tise (M = 36.45, SD = 3.40) significantly higher than controls (M = 16.43, SD = 8.97), F

(1, 55) = 91.79, p < .001, g2
p = 0.625. There was no effect of Time, F(1, 55) = 0.01,

p = .942, g
2
p = 0.000, and no significant interaction between Group and Time, F(1,

55) = 3.00, p = .089, g2
p = 0.052. So, on these measures of factual wine knowledge and

self-reported knowledge, students were at ceiling.

Nevertheless, during the 6-month period that students received practical training in

wine tasting as part of the professional wine course they attended, their vividness of ima-

gery for wine increased. Using a mixed ANOVA with Group (students, controls) as a

between-participants factor and Modality (color, odor, taste), and Time (T1, T2) as

within-participant factors on VWIQ, we found students had more vivid imagery than con-

trols, F(1, 55) = 12.08, p = .001, g2
p = 0.180. Critically there was a robust interaction

between Group and Time, F(1, 55) = 8.35, p = .006, g2
p = 0.132. Pairwise comparisons

showed that before training, the difference between students (M = 3.50, SD = 0.68) and

controls (M = 3.16, SD = 0.68) was not significant, p = .080, Cohen’s d = 0.50; but after

training, students (M = 3.86 SD = 0.60) reported significantly more vivid wine imagery

than controls (M = 3.08, SD = 0.60), p < .001, Cohen’s d = 1.3 (see Fig. 3). Imagery

also varied by Modality, F(2, 110) = 5.77, p = .004, g2
p = 0.095, but there was no inter-

action between Group and Modality, F(2, 110) = 2.05, p = .134, g
2
p = 0.036, nor

between Time and Modality, F(2, 110) = 0.385, p = .681, g2
p = 0.007, nor was there a

significant three-way interaction between Group, Time, and Modality, F(2, 110) = 2.22,

p = .114, g2
p = 0.039. So training improved sensory imagery for wine across modalities.

We also compared students and control participants for their imagery of everyday

odors and visual objects. We collected data for imagery of odors at two time points, just

as with the VWIQ, so we analyzed the data for the VOIQ in the same manner. We found
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no effect of Group, F(1, 54) = 3.82, p = .056, g
2
p = 0.065; Time, F(1, 54) = 2.92,

p = .093, g2
p = 0.050; and no interaction between the two, F(1, 54) = 0.823, p = .368,

g
2
p = 0.015. So there was no general change in olfactory imagery for everyday odors as a

result of wine training. Finally, we compared groups on their general visual imagery

(VVIQ) at T2. This showed no general difference between students (M = 3.65,

SD = 0.58) and controls (M = 3.49, SD = 0.68), t(55) = 0.897, p = .373, d = 0.25, sug-

gesting no difference in the ability to generate visual images of everyday scenes. Taken

together, these results demonstrate that sensory imagery for an expert domain can become

more vivid following training.

4. Discussion

While experts and novices reported similar vividness of imagery for everyday odors

and visual scenes, they showed distinct response profiles for the imagery of wines.

Specifically, wine experts had more vivid imagery for the color, odor, and taste of wines.

Previous studies have found enhanced odor imagery with other types of expertise (Bensafi

et al., 2013, 2017; Royet, Delon-Martin, & Plailly, 2013), but this is the first study to

show the same holds for wine experts. Critically, simple knowledge of wines, found in

both experts and students before onset of training, did not lead to more vivid wine ima-

gery. Instead, we found that practical training was necessary to enhance imagery in wine

experts.

Fig. 3. Boxplots for ratings on the VWIQ at T1 and T2 for students and control participants, for Study 2.

Note: Box-and-whisker plots display median, first and third quartiles ranges, and whiskers indicate range of

the data. Diamonds portray individual data points. Icons represent the imagery modalities: color, smell, and

taste.
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Wine experts work with wines on a daily basis and odors and tastes are particularly

important. For example, wine experts often create wine-food pairings, imagining how the

tastes and textures of food match those of a wine (Harrington, 2005; Spence, 2020). In

addition, when recognizing and interpreting wines, experts recall specific prototypes of

wines (Hughson & Boakes, 2002), which may be seen as a form of imagery. These are

also the types of activities students engage in to become wine experts, thereby shaping

their ability to imagine aspects of wine (cf. Tempere et al., 2019).

Training affected the ability to imagine the color, odor, and taste of wine, but not

everyday objects. This is in line with previous proposals for how musical training affects

sound imagery, where students became better at imagining the pitch and acoustic charac-

ter of sounds, but not visual objects (Aleman et al., 2000). This also dovetails with other

findings on wine expertise, focusing on memory (Croijmans, Arshamian, Speed, & Majid,

under review; Zucco, Carassai, Baroni, & Stevenson, 2011) and language (Croijmans &

Majid, 2016), indicating the superior skills experts display do not extend beyond their

domain of expertise (cf. Kimball & Holyoak, 2000). Taken together, this suggests mental

imagery of the senses is malleable, and that perceptual modalities can become more

important with experience (cf. Majid, Speed, Croijmans, & Arshamian, 2017).

It has been suggested that odor imagery is critically embodied (Arshamian, Manko, &

Majid, 2020). For example, blocking sniffing can impair the quality of an imagined odor

for those who are good odor imagers, but not for poor odor imagers (Arshamian, Olofs-

son, J€onsson, & Larsson, 2008; Bensafi, Pouliot, & Sobel, 2005); odor imagery training

improves odor sensitivity (Tempere, Hamtat, Bougeant, de Revel, & Sicard, 2014); and

odor imagery can interfere with the perception of real odors (Djordjevic, Zatorre, Pet-

rides, & Jones-Gotman, 2004). Imagery could be improved through mere exposure to per-

ceptual stimuli, such as merely experiencing the smell and flavor of wine (cf. Arshamian

& Larsson, 2014). One way this could happen is through perceptual learning where

experts become more attentive to particular aspects of a stimulus, and thereby sharpen

their mental representations of relevant perceptual features (Goldstone, 1998; Walk,

1966; White et al., 2020). This improvement could be restricted to stimuli to which peo-

ple are frequently exposed, and therefore may not transfer to other stimuli even in the

same perceptual modality (cf. Spence, 2019; Spence & Wang, 2019).

As an alternative possibility, Bensafi and colleagues hypothesize that practice may

enhance verbal and emotional associations, as well as changing sensorimotor compo-

nents, with the effect that richer semantic associations are more easily activated during

imagery, for example, the imagined shiraz wine may simultaneously activate semantic

concepts of “bold,” “Australia,” “red,” “vanilla,” and so on (Bensafi et al., 2013, 2017).

Our study does not distinguish these accounts, but having established that training

enhances wine imagery, future studies could attempt to tease these apart. For example, if

fMRI showed activation of language and emotion networks, as well as perceptual net-

works during imagery in wine experts, then this would be evidence in favor of the latter

account.

The present study treated mental imagery for the color, smell, and taste of wine as dis-

tinct modalities, although imagery—similar to perception itself—likely works in a cross-
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modal fashion (Spence & Deroy, 2013), such that imagery in one modality leads to

enhanced activation in another. This connected nature of the senses offers interesting

opportunities for future studies, given the highly multisensory nature of wine pairing and

other culinary arts (cf. Spence, Youssef, & Deroy, 2015).

We used self-report measures to tap into mental imagery which risks the possibility

that differences between groups or modalities are due to response biases rather than expe-

rienced imagery. However, it is difficult to explain how response bias would lead to the

particular pattern of sensory imagery we find, for example, experts reporting enhanced

imagery for wine odors but not everyday odors. Moreover, previous studies have shown

that self-reported vividness of mental imagery is related to fMRI BOLD activity in sen-

sory-specific areas of the brain (Huijbers, Pennartz, Rubin, & Daselaar, 2011; Olivetti

Belardinelli et al., 2009), and as Pearson, Deeprose, Wallace-Hadrill, Heyes, and Holmes

(2013) suggest, odor imagery questionnaires are a useful and valid way to assess mental

imagery abilities.

We found that students enrolled in a professional wine course had enhanced imagery

for wine after 6 months, even though imagery is given no explicit role in the curricula of

most wine courses. This stands in stark contrast to imagery in other types of expertise;

for example, professional sports, where motor imagery is used to improve performance

(Weinberg, 2008). Our study shows that without specific imagery training, wine imagery

was enhanced; other studies have shown that direct training of imagery can also improve

the skill (cf. Royet et al., 2013). For example, training has been shown to improve sensi-

tivity for particular odors (Tempere et al., 2014, 2019). Given our results, the role of

training in imagery could be explored further. For example, a study with na€ıve partici-

pants who engage in a training procedure similar to that employed by Tempere, Cuzange,

Bougeant, Revel, and Sicard (2012) or alternatively with blind-taste training (cf. Wang &

Pre�sern, 2018) could explore the effect of interference of imagined smells on the recogni-

tion of learned odors (similar to Djordjevic, 2004; Djordjevic et al., 2004).

Our results also suggest imagery training could be incorporated into wine courses to

help students hone their skills further. Imagery training could be deployed as a tool for

individuals learning to distinguish and describe wines, and to combine wine and food,

and so further improve the efficacy of wine education. Additionally, other flavor domains,

such as for coffee (Van Doorn, Wuillemin, & Spence, 2014), beer (Van Doorn, Watson,

Timora, & Spence, 2020), and tea (Wan et al., 2014), may also benefit from including

imagery in their curricula. It is possible that these different flavor domains have different

implications for imagery across modalities, since visual properties may play a different

role in each (compare, for example, the appreciation of color in the domain of wine

which uses glassware to coffee in opaque coffee cups; cf. Carvalho & Spence, 2018; Van

Doorn et al., 2014).

To conclude, we show that experience has a pronounced effect on mental imagery,

underscoring the considerable plasticity in multisensory mental imagery—and cognition

in general—which demonstrates the importance of considering human behavior in its

diverse contexts. Furthermore, a focus on imagery lends itself to interesting possibilities

for future research and application within the domain of food and drink.
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Notes

1. Flavor—the multisensory experience of what is perceived in the mouth—is closely

related to smell (Small & Prescott, 2005; Spence, Smith, & Auvray, 2015) and uses

overlapping physiological mechanisms (Rozin, 1982; Shepherd, 2006). When peo-

ple talk about taste, they usually mean the multisensory experience of flavor

(Rozin, 1982; Small & Prescott, 2005). In Dutch—the language in which partici-

pants were tested—there is no linguistic distinction between taste and flavor

(“smaak”). Here, we use “taste” to encompass this distinction.
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2. See https://www.wsetglobal.com/qualifications/wset-level-4-diploma-in-wines

3. See https://www.wijnacademie.nl/vinologenopleiding

References

Aleman, A., Nieuwenstein, M. R., B€ocker, K. B., & de Haan, E. H. (2000). Music training and mental

imagery ability. Neuropsychologia, 38(12), 1664–1668.

Andrade, J., May, J., Deeprose, C., Baugh, S. J., & Ganis, G. (2014). Assessing vividness of mental imagery:

The Plymouth Sensory Imagery Questionnaire. British Journal of Psychology, 4(105), 547–563.

Arshamian, A., & Larsson, M. (2014). Same same but different: The case of olfactory imagery. Frontiers in

Psychology, 5, 34.

Arshamian, A., Manko, P., & Majid, A. (2020). Limitations in odour simulation may originate from

differential sensory embodiment. Philosophical Transactions of the Royal Society of London, Series B:

Biological Sciences, 375. https://doi.org/10.1098/rstb.2019.0273

Arshamian, A., Olofsson, J. K., J€onsson, F. U., & Larsson, M. (2008). Sniff your way to clarity: The case of

olfactory imagery. Chemosensory Perception, 1(4), 242–246.

Bensafi, M., Fournel, A., Joussain, P., Poncelet, J., Przybylski, L., Rouby, C., & Tillmann, B. (2017).

Expertise shapes domain-specific functional cerebral asymmetry during mental imagery: The case of

culinary arts and music. European Journal of Neuroscience, 45(12), 1524–1537.

Bensafi, M., Pouliot, S., & Sobel, N. (2005). Odorant-specific patterns of sniffing during imagery distinguish

"bad" and "good" olfactory imagers. Chemical Senses, 30(6), 521–529.

Bensafi, M., Tillmann, B., Poncelet, J., Przybylski, L., & Rouby, C. (2013). Olfactory and gustatory mental

imagery: Modulation by sensory experience and comparison to auditory mental imagery. In S. Lacey & R.

Lawson (Eds.), Multisensory imagery (pp. 77–91). New York: Springer.

Carvalho, F. M., & Spence, C. (2018). The shape of the cup influences aroma, taste, and hedonic judgements

of specialty coffee. Food Quality and Preference, 68, 315–321.

Croijmans, I., Arshamian, A., Speed, L. J., & Majid, A. (under review). Wine experts’ recognition of wine

odors is not verbally mediated. Journal of Experimental Psychology: General.

Croijmans, I., & Majid, A. (2016). Not all flavor expertise is equal: The language of wine and coffee experts.

PLoS ONE, 11(6), e0155845.

Croijmans, I., Speed, L. J., Arshamian, A., & Majid, A. (2019). Measuring multisensory imagery of wine:

The vividness of wine imagery questionnaire. Multisensory Research, 32(3), 179–195.

Djordjevic, J. (2004). Effects of perceived and imagined odors on taste detection. Chemical Senses, 29(3),

199–208.

Djordjevic, J., Zatorre, R. J., Petrides, M., & Jones-Gotman, M. (2004). The mind’s nose effects of odor and

visual imagery on odor detection. Psychological Science, 15(3), 143–148.

Ericsson, K. A., Prietula, J. M., & Cokely, T. E. (2007). The making of an expert. Harvard Business Review,

85(7/8), 114–121.

Gilbert, A. N., Crouch, M., & Kemp, S. E. (1998). Olfactory and visual mental imagery. Journal of Mental

Imagery, 22(3–4), 137–146.

Goldstone, R. L. (1998). Perceptual learning. Annual Review of Psychology, 49(1), 585–612.

Harrington, R. J. (2005). The wine and food pairing process. Journal of Culinary Science & Technology, 4

(1), 101–112.

Hatta, T., & Miyazaki, M. (1989). Visual imagery processing in Japanese abacus experts. Imagination,

Cognition and Personality, 9(2), 91–102.

Hayes, J. E., & Pickering, G. J. (2011). Wine expertise predicts taste phenotype. American Journal of

Enology and Viticulture, 63(1), 80–84.

14 of 16 I. Croijmans et al. / Cognitive Science 44 (2020)

https://www.wsetglobal.com/qualifications/wset-level-4-diploma-in-wines
https://www.wijnacademie.nl/vinologenopleiding
https://doi.org/10.1098/rstb.2019.0273


Hughson, A. L., & Boakes, R. A. (2002). The knowing nose: The role of knowledge in wine expertise. Food

Quality and Preference, 13(7–8), 463–472.

Huijbers, W., Pennartz, C. M. A., Rubin, D. C., & Daselaar, S. M. (2011). Imagery and retrieval of auditory

and visual information: Neural correlates of successful and unsuccessful performance. Neuropsychologia,

49(7), 1730–1740.

Johnson, T. E., & Bastian, S. E. P. (2007). A preliminary study of the relationship between Australian wine

consumers’ wine expertise and their wine purchasing and consumption behaviour. Australian Journal of

Grape and Wine Research, 13(3), 186–197.

Kimball, D. R., & Holyoak, K. J. (2000). Transfer and expertise. In E. Tulving & F. I. M. Craik (Eds.), The

Oxford handbook of memory (pp. 109–122). New York: Oxford University Press.

Lawless, H. T. (1997). Olfactory psychophysics. In G. K. Beauchamp & L. Bartoshuk (Eds.), Tasting and

smelling (pp. 125–175). San Diego, CA: Academic Press.

Majid, A., Bowerman, M., Kita, S., Haun, D. B. M., & Levinson, S. C. (2004). Can language restructure

cognition? The case for space. Trends in Cognitive Sciences, 8(3), 108–114.

Majid, A., Roberts, S. G., Cilissen, L., Emmorey, K., Nicodemus, B., O’Grady, L., Woll, B., LeLan, B., de

Sousa, H., Cansler, B. L., Shayan, S., de Vos, C., Senft, G., Enfield, N. J., Razak, R. A., Fedden, S.,

Tufvesson, S., Dingemanse, M., Ozturk, O., Brown, P., Hill, C., Le Guen, O., Hirtzel, V., van Gijn, R.,

Sicoli, M. A., & Levinson, S. C. (2018). Differential coding of perception in the world’s languages.

Proceedings of the National Academy of Sciences of the United States of America, 115(45), 11369–11376.

Majid, A., Speed, L., Croijmans, I., & Arshamian, A. (2017). What makes a better smeller? Perception, 46

(3–4), 406–430.

Marks, D. F. (1973). Visual imagery differences in the recall of pictures. British Journal of Psychology, 64

(1), 17–24.

Melcher, J. M., & Schooler, J. W. (1996). The misremembrance of wines past: Verbal and perceptual

expertise differentially mediate verbal overshadowing of taste memory. Journal of Memory and Language,

35(2), 231–245.

Mosing, M. A., Madison, G., Pedersen, N. L., Kuja-Halkola, R., & Ull�en, F. (2014). Practice does not make

perfect. Psychological Science, 25(9), 1795–1803.

Oikkonen, J., Huang, Y., Onkamo, P., Ukkola-Vuoti, L., Raijas, P., Karma, K., Vieland, V. J., & J€arvel€a, I.

(2014). A genome-wide linkage and association study of musical aptitude identifies loci containing genes

related to inner ear development and neurocognitive functions. Molecular Psychiatry, 20(2), 275–282.

Olivetti Belardinelli, M., Palmiero, M., Sestieri, C., Nardo, D., Di Matteo, R., Londei, A., D’Ausilio, A.,

Ferretti, A., Del Gratta, C., & Romani, G. L. (2009). An fMRI investigation on image generation in

different sensory modalities: The influence of vividness. Acta Psychologica, 132(2), 190–200.

Parr, W. V. (2018). Demystifying wine tasting: Cognitive psychology’s contribution. Food Research

International, 124, 230–233.

Pearson, D. G., Deeprose, C., Wallace-Hadrill, S. M. A., Heyes, S. B., & Holmes, E. A. (2013). Assessing

mental imagery in clinical psychology: A review of imagery measures and a guiding framework. Clinical

Psychology Review, 33(1), 1–23.

Plailly, J., Delon-Martin, C., & Royet, J.-P. (2012). Experience induces functional reorganization in brain

regions involved in odor imagery in perfumers. Human Brain Mapping, 33(1), 224–234.

Quandt, R. E. (2007). On wine bullshit: Some new software? Journal of Wine Economics, 2(2), 129–135.

Rodgers, W., Hall, C., & Buckolz, E. (1991). The effect of an imagery training program on imagery ability,

imagery use, and figure skating performance. Journal of Applied Sport Psychology, 3(2), 109–125.

Royet, J.-P., Delon-Martin, C., & Plailly, J. (2013). Odor mental imagery in non-experts in odors: A

paradox? Frontiers in Human Neuroscience, 7, 87.

Rozin, P. (1982). “Taste-smell confusions” and the duality of the olfactory sense. Perception &

Psychophysics, 31(4), 397–401.

Shepherd, G. M. (2006). Smell images and the flavour system in the human brain. Nature, 444(7117), 316–321.

Shepherd, G. M. (2015). Neuroenology: how the brain creates the taste of wine. Flavour, 4(1), 19.

I. Croijmans et al. / Cognitive Science 44 (2020) 15 of 16



Small, D. M., & Prescott, J. (2005). Odor/taste integration and the perception of flavor. Experimental Brain

Research, 166(3–4), 345–357.

Spence, C. (2019). Perceptual learning in the chemical senses: A review. Food Research International, 123,

746–761.

Spence, C. (2020). Food and beverage flavour pairing: A critical review of the literature. Food Research

International, 133, 109124.

Spence, C., & Deroy, O. (2013). Crossmodal mental imagery. In S. Lacey & R. Lawson (Eds.), Multisensory

imagery (pp. 157–183). New York: Springer.

Spence, C., Smith, B., & Auvray, M. (2015). Confusing tastes with flavours. In D. Stokes, M. Matthen, & S.

Biggs (Eds.), Perception and its modalities (pp. 247–274). New York: Oxford University Press.

Spence, C., & Wang, Q. J. (2019). Wine expertise: Perceptual learning in the chemical senses. Current

Opinion in Food Science, 27, 49–56.

Spence, C., Youssef, J., & Deroy, O. (2015). Where are all the synaesthetic chefs? Flavour, 4(1), 29.

Stevenson, R. J., & Case, T. I. (2005). Olfactory imagery: A review. Psychonomic Bulletin & Review, 12(2),

244–264.

Tempere, S., Cuzange, E., Bougeant, J. C., de Revel, G., & Sicard, G. (2012). Explicit sensory training

improves the olfactory sensitivity of wine experts. Chemosensory Perception, 5(2), 205–213.

Tempere, S., de Revel, G., & Sicard, G. (2019). Impact of learning and training on wine expertise: A review.

Current Opinion in Food Science, 29, 98–103.

Tempere, S., Hamtat, M. I., Bougeant, J. C., de Revel, G., & Sicard, G. (2014). Learning odors: The impact

of visual and olfactory mental imagery training on odor perception. Journal of Sensory Studies, 29(6),

435–449.

Van Doorn, G. H., Watson, S., Timora, J., & Spence, C. (2020). The influence of training and expertise on

the multisensory perception of beer: A review. Food Quality and Preference, 79, 103778.

Van Doorn, G. H., Wuillemin, D., & Spence, C. (2014). Does the colour of the mug influence the taste of

the coffee? Flavour, 3(1), 10.

Walk, R. O. (1966). Perceptual learning and the discrimination of wines. Psychonomic Science, 5(2), 57–58.

Wan, X., Zhou, X., Mu, B., Du, D., Velasco, C., Michel, C., & Spence, C. (2014). Crossmodal expectations

of tea color based on flavor: A preliminary study with na€ıve assessors. Journal of Sensory Studies, 29(4),

285–293.

Wang, Q. J., & Pre�sern, D. (2018). Does blind tasting work? Investigating the impact of training on blind

tasting accuracy and wine preference. Journal of Wine Economics, 13(4), 384–393.

Weinberg, R. (2008). Does imagery work? Effects on performance and mental skills. Journal of Imagery

Research in Sport and Physical Activity, 3(1). https://doi.org/10.2202/1932-0191.1025

Weinstein, B. D. (1993). What is an expert? Theoretical Medicine, 14(1), 57–73.

White, T. L., Thomas-Danguin, T., Olofsson, J. K., Zucco, G. M., & Prescott, J. (2020). Thought for food:

Cognitive influences on chemosensory perceptions and preferences. Food Quality and Preference, 79,

103776.

Zucco, G. M., Carassai, A., Baroni, M. R., & Stevenson, R. J. (2011). Labeling, identification, and

recognition of wine-relevant odorants in expert sommeliers, intermediates, and untrained wine drinkers.

Perception, 40(5), 598–607.

16 of 16 I. Croijmans et al. / Cognitive Science 44 (2020)

https://doi.org/10.2202/1932-0191.1025

