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Abstract: The main objective of this research was to analyse the active regions when processing dishes
with a pleasant (vs. unpleasant) design and the effect of the previously read rational (vs. emotional)
description when visualising the dish. The functional magnetic resonance image technique was
used for the study. The results showed that participants who visualised pleasant vs. unpleasant
dishes became active in several domains (e.g., attention, cognition and reward). On the other side,
visualisation of unpleasant dishes activated stronger regions linked to inhibition, rejection, and
related ambiguity. We found that subjects who read rational descriptions when visualising pleasant
dishes activated regions related to congruence integration, while subjects who visualised emotional
descriptions showed an increased neuronal response to pleasant dishes in the regions related to
memory, emotion and congruence.
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1. Introduction
The Relevance of the Presentation of the Dish in a Restaurant

The restaurant menu is sometimes the first way a restaurant can communicate with
potential customers. The information about each menu dish shows clues to the potential
customer about the upcoming dining experience [1]. This information will help the con-
sumer to imagine the shape, flavour, or taste of the food [2]. The way the menu content
is presented by restaurants can determine the type of restaurant and its personality, even
the brand image (ecological, luxury, minimalism or fast food) [3]. If the information con-
veyed about each dish in the restaurant menu is well designed, this could turn attention
towards those more profitable dishes, which would facilitate their sale [4]. Supporting
this textual information with images is vitally important because design and aesthetics
are among the most valued attributes when choosing a consumer product [5], such as a
meal. The relevance for consumers of a food’s attractiveness and appetite has led some
researchers to study its influence on decision-making [6]. Some studies have analysed the
forms of food, the design of menus, and the behaviour of consumers when faced with
different stimuli [2,7,8]. For example, when the same food is served in different coloured
dishes, the food sensory and hedonic perception changes [8]. Along with these attributes,
other studies have analysed the designation of origin and the complexity or ambiguity of
the words and the images used to design the menu using self-reporting techniques [4,7].
Eye-tracking metrics have also been used to test customer responses and the impact of dish
placement on the menu [9]. Most consumers feel the need to know what the restaurant
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dishes look like at the price before deciding. The information available on the menus helps
customers to compare dishes from different restaurants before deciding what to eat [10].

Cognitive learning theory suggests that presenting information in a multimodal format
can establish a more positive attitude than when a unimodal format is used [1]. According
to this theory, diners tend to choose more of a dish from the menu when the picture is
detailed together with a description, instead of presenting only the description [1,11].
Therefore, it seems fundamental for research and restaurant management to understand
the importance of aesthetics, the design of the dishes, and the name used, because these
aspects influence the consumer’s mind [12]. To date, the effects generated by a pleasantly
designed dish and its description have not been sufficiently evaluated.

This study aims to analyse the process before the consumption of a restaurant dish. We
used neuroimaging to explore the processing of information underlying this moment. In
particular, we analysed the regions that anticipate reward or loss, after reading a restaurant
menu with rational (vs. emotional) descriptions. We explored the neural nature of the
impact of pleasant (vs. unpleasant) design. We also examined the brain areas that could
anticipate a greater attitude towards the dish and those areas involved in the final selection
of the dish.

2. Literature Review
2.1. Neural Correlates of Pleasant Dishes

The vision of a pleasant dish (e.g., on a restaurant menu) can be a primary reward and
generate positive expectations. In other words, the expectation of valuable rewards can
be transferred through the visualisation of a delightful dish. A shared set of brain areas
involved in the processing of pleasure has been detailed in neuroscience studies, just as
expectations of the dish to be consumed imply the anticipation of positive rewards [13–15].
Bartra et al. [16] carried out a meta-analysis on the areas commonly involved in value
coding and sensitivity to rewards. In their research, the previous authors examined the
neural correlates of subjective value. They found that the ventral striatum and posterior
cingulate cortex are strongly implicated in the positive effects of the reward domains.

The authors also advanced that rewards positively stimulate the back of the brain
(brain stem). Studies exploring the neural processing of rewards in food-obese participants
support brain stem function related to reward [17]. In healthy subjects, the ventral and
dorsal strata are the most active [18]. Alongside these rewarding regions, the left fusiform
gyrus, left hippocampal gyrus, right amygdala, left caudate nucleus, right putamen, and
bilateral cingulate gyrus are active to a lesser extent. At the same time, several studies
have shown that dieters tend to visualise their favourite foods [19]. Visualising or smelling
very tasty or very sweet food has strong effects on the brain regions associated with re-
ward [19,20]. In the same vein, participants who visualised unhealthy foods found neuronal
responses in regions such as the insula, medial and superior frontal gyrus, the inferior right
frontal gyrus, inferior left parietal lobes and postcentral gyrus [21]. Subjects with regular
vs. restricted sleep also found positive activity in areas of arousal such as the thalamus,
precuneus, and medial cingulate gyrus. Considering the previous studies defining the
active regions when processing rewards, we propose the following research question:

RQ1: Which regions will be active in processing pleasant dishes?

2.2. Neural Correlations of Unpleasant Dishes

Food rejection is one of the most primitive responses of human disgust [22]. On the
evolutionary basis of food rejection, we believe that images of unpleasant dishes (e.g., poorly
presented dishes) will be a very appropriate stimulus for analysing individual differences
in the correlates of disgust, loss, or rejection. Understanding these regions when designing
dishes may be of interest to marketing managers due to their influence on purchase intent.

The use of unpleasant dishes provides an understanding of the neural basis for food
rejection. This prior attitude can determine future behaviour, especially in more sensitive in-
dividuals. Some studies link the neural correlations related to ambiguity, loss, repulsion and
negative emotions with a lack of choice [23,24]. Consequently, a negative value likely to be
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transmitted during the presentation of an unpleasant dish may activate brain regions related
to satiety, inhibition and memory, a combination that facilitates food regulation [25]. Among
other regions involved in lower-level processing of appetite stimuli, the cerebellum and
middle occipital gyrus have been widely associated with danger [26] and punishment [16].
Becker et al. [27] found a positive association between these stimuli and inferior occipital re-
gion activity during the processing of rotten food images. For example, Lane et al. [28] used
unpleasant vs. neutral images and detected activity in the hippocampus, bilateral occipital
cortex, cerebellum, left parahippocampal gyrus, and amygdala. This same visualisation
paradigm of unpleasant images activates the bilateral cerebellum and bilateral occipital
lobe [29].

In general, evidence points to relationships between the above regions and peripheral
and central processing of food-related signals supporting the control of food intake [30]. Vi-
sual food-related signals associated with negative consequences can influence sub-sequent
eating behaviour. Hence, the importance of plate presentation in eating behaviour [31].

Derived from the above approaches, we propose the following research question:
RQ2: Which regions are activated when processing unpleasant dishes?

2.3. Neural Correlates of Emotional Description

Current lines of research combine food science, marketing and psychology. This new
multidisciplinary approach allows emotions to be measured jointly [32] by triangulating
behavioural data collected through self-report with physiological measures and facial ex-
pressions [33]. Information from physiological recordings provides insight into biological
responses derived from an emotion (e.g., heart rate, respiratory rate, and electrodermal
responses). Furthermore, it is possible to measure emotions by analysing the ocular re-
sponse [34]. Together with these measures, it is possible to measure neural activity by
electroencephalogram or by neuroscientific techniques.

Consumer neuroscience analyses the emotional responses derived from smells and
tastes, trying to find the emotional mechanisms that a plate of food can evoke [35]. The main
findings show that the emotional valence of the smell (pleasant or unpleasant) is encoded
in the orbitofrontal regions [36–38], while intensity (the other emotional component of
smell) is encoded in the amygdala [39]. In addition to smell, the effect that the taste
of food has on the consumer is another factor well documented in the literature. The
work of Wilk et al. 2014, explored the tastes of five beverages through physiological and
behavioural techniques, analysing the response of the autonomic nervous system of a
group of subjects, while recording the heart rate, skin conductance, and temperature of
the skin.

Another aspect that can influence the emotion generated by a dish is the description
of the dish. Although a priori, it may seem that the pleasure of consuming a dish depends
solely on its molecular composition and the individual’s level of hunger. This is not
always the case. The influence of marketing actions, such as description, can influence
the pleasure experienced [40]. The description of the dish indicates what can be expected
from the meal afterwards. The sheer exuberance of the description somehow adds to the
appeal of the food described. Furthermore, implicitly, the description can influence many
social, cognitive, and affective aspects that combine to guide food preference. Behavioural
evidence suggests that cultural messages can generate choices for one consumable or
another. Thus, the appeal or dislike of culturally relevant images and associated memories
contribute to the modern construction of food preferences [41]. It is normal to think
that we know what we like, but we are very influenced by these messages. When a
consumer is in front of a restaurant menu, it is usual for them to visualise the description
of the dishes until they find the one that meets their expectations [7]. People evaluate the
description and can compare it to their beliefs about the fundamental characteristics of
the dish. The expectations created by the description can sometimes bias the assessment
of taste unless they are entirely refuted [42]. The work of Plassmann et al. [40] showed
that the manipulation of the price of different wines influences the reward experienced
by subjects. Laboratory outcomes show that the post-consumption review seems to be



Foods 2021, 10, 919 4 of 16

generally assimilated to previous expectations [7]. If you think it will taste good, it will
probably taste good. If you think it will taste bad, it will probably taste bad. Therefore,
the mental image which is made after reading the description of the dish can generate
expectations in the consumer that can be matched by looking at the dish if the image
satisfies the consumer. In this case, when processing the information, the active regions
will be linked to rewards, pleasure, and congruence, derived from a satisfactory resolution
of the conflict. Congruent stimuli are often described as more enjoyable or rewarding,
especially in the context of food products [6]. The description of the dish on display at
any given time may anticipate the reward that will be obtained from tasting the dish;
the prediction of rewards on different time scales has been studied previously [43]. In a
restaurant, we can easily select the dish we will eat from those on the menu. This choice
provides the greatest value at a time before consumption. At that time, we compare the
expected rewards from other dishes, just based on the description.

The stimulus–action–reward association has shown that subjects strongly activate the dor-
sal striatum when selecting their food preferences [44]. The dorsal striatum is a region formed
by the caudate nucleus and lenticular nucleus. According to Bear, Connors and Paradiso [45],
the lenticular nucleus is composed of the putamen and globus pallidus. Activity in these
regions is related to the anticipation of gains in tasks that do not involve learning behaviour
(i.e., stimulus–reward association) [46]. Several studies have confirmed that prior information
about a reward (e.g., description of a dish) makes it possible to predict the reward received
from that information [47]. Different learning models through positive reinforcement explain
this temporal anticipation of rewards [48]. Learning models suggest that the prediction of
reward, whether dependent or independent of action, is learned at the dorsal level [49,50].
Specifically, the putamen is mainly concerned with evaluating actions according to sensory
contexts and rewards [43].

In addition to these regions, other brain areas are responsible for the delivery of
rewards. In different studies where primary rewards are present (e.g., pleasant taste, touch
or smell) the brain activates the insula, anterior cingulate and striatum [38,51]. Using fMRI,
Westen et al. [52] found activity in the bilateral caudate, bilateral putamen and pallidum.
The authors indicate that in paradigms where subjects experience contingencies between
behaviour and reward, it is common for subjects to feel great relief once the situation that
caused the risk of cognitive-emotional conflict has ended. Overall, this seems to indicate
the existence of a system of motivational reinforcement.

Knutson et al. [53] extended the knowledge of the brain’s response to gains and losses,
including the reaction time of subjects. According to the task’s performance, the authors
found significant activation in the striated regions (caudate and putamen) according to
the performance of a task. In uncertain environments that require conflict resolution,
the bilateral caudate and left ventral striatum are usually active. The ventral striatum is
activated when the reward is shown; furthermore, it is possible to identify the brain areas
that respond to financial reward. These are the ventral striatum and subthalamic midbrain
areas [54]. It is also possible to identify those regions that respond to increased reward;
specifically, the globus pallidus and cingulate regions [54]. In general, active regions seem
to imply a higher order of reasoning. This reasoning will allow the decision-maker to
discern which of the options presented is the best before making a decision.

2.4. The Neuronal Correlates of Rational Description

We have little knowledge about the relational thinking that integrates the combination
of the description of a dish with a pleasant (vs. unpleasant) image of it. How consumers
process the relationship by connecting the descriptions on a restaurant menu with the
dishes offered is an important and still an unclear marketing issue. Relational reasoning
is high-level associative thinking; therefore, processing the consciousness of a rational
description of a restaurant dish requires high-level reasoning skills about its relevance and
meaning in a given context based on spatial and linguistic processes [1].

Relational thinking allows us to temporarily bring together distant pieces of infor-
mation through a cognitive process that seeks to connect them. This process consists of
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completing a logical vacuum that mitigates the lack of information about the present
scenario; thus, the brains of consumers reduce ambiguity and achieve certain psychologi-
cal stability.

When subjects apply relational thinking, it makes it easier to join isolated pieces of
information and complete the meanings of the contexts. It is possible to find examples of
relational thinking when we analyse analogies such as “food is to restaurant, as an article
is to the journal”. The last result of this relational thinking allows subjects to reach conclu-
sions derived from a deductive reasoning process [1]. Applying this form of reasoning,
consumers who find themselves at a restaurant table and see the description of a dish for
the first time will try to give meaning to this information and form a mental image by
joining the parts of information that they already know.

Neuroimaging showed the neural correlates linked to relational thinking using fMRI [55].
The results suggest that relational thinking is the development or process used by our brain
to reasonably form a reality about which we know some information. Additionally, linguistic
and spatial processes can be the basis of deductive reasoning [56]. These linguistic processes
activate the lingual gyrus, usually in response to actions that require reasoning (e.g., “all dishes
have potatoes; chicken breast is a dish; therefore, chicken breast has potatoes”). When subjects
are faced with situations that require abstract thinking, the parietal brain regions appear to
be active in shaping that thinking, namely, the superior parietal lobe [1]. Neuroscience has
demonstrated the parietal lobe activity in the coding of relational spatial information [57,58].
In particular, the superior parietal lobe has been shown to play an important role in the
orientation and spatial location of visual signals [58]. Furthermore, this region is related to
directed attention [59].

It seems that to recognise a plate by its rational description will be necessary to
involve brain mechanisms that activate regions linked to the processing of spatial and
linguistic localisation. The description of a plate can makes us imagine it and activate
spatial processing. From the information obtained in the description, it is possible to give
meaning to what is read and activate linguistic processing.

Considering the above and following Heider’s Balance Theory, we can anticipate that
a restaurant dish presented after visualising a description will activate relational thinking
mechanisms as a consequence of the previous information offered by the description. The
subject receives initial pre-persuasive information from the restaurant menu (element 1);
the description of the dish itself increases the receptivity of the subject towards a specific
dish (element 2). In this initial stage of the process, the subject reads the dish’s name,
establishing a relationship between element 1 and element 2. This change will lead to a
second stage where the subject will vary their choice to maintain the harmony of cognitive
mechanisms, excluding changes that might affect their psychological stability. This leads
us to think that identifying a plate is a logical and multifaceted process that activates
different brain regions, among which are the areas linked to linguistics, such as the lingual
gyrus, and other regions linked to the spatial location (such as the superior parietal lobe).
According to the previous literature, we consider that the integration of description and
congruent visual stimuli is a different process compared to the interpretation of description
and incongruent visual stimuli. The lack of previous studies inclines us to consider the
following research questions:

RQ3: Which brain regions are activated when processing emotional descriptions and
visualising pleasant dishes?

RQ4: Which brain regions are activated when rational descriptions are processed and
pleasant dishes are visualised?

3. Methodology
3.1. Data Collection and Fieldwork

The fieldwork was carried out at the Centre for Research on the Mind, Brain and
Behaviour (CIMCYC) at the University of Granada, Spain. Data were obtained from
six women and six men between 25 and 35 years of age. All of them were skilled and
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healthy, and most of them were undergraduate students (83.3%) with an income of over
EUR 1300 per month.

Participants were contacted through mobile phone and email. They were informed
about the aims of the study and the characteristics of the experiment. Before the explo-
ration, the participants declared they did not follow any food restrictions and reported no
food allergies.

All participants also gave prior written consent. The study was approved by the Ethics
Committee of the University of Granada following the stipulations of the World Medical
Association (WMA) Declaration of Helsinki (2013).

3.2. Stimuli and Experimental Design

A group of 24 students evaluated a set of images using a Likert scale, where 1 was
very unpleasant and 5 was very pleasant. Once the average evaluations of all images
were determined, we selected 12 images of pleasant dishes (PD) with an appealing de-
sign (mean = 4.25) and 12 images of unpleasant dishes (UD) with an unappealing design
(mean = 2.75). A group of seven experts who were part of the research team classified the
descriptions as emotional or rational.

Before the MRI test, we gave half of the participants a menu with emotional descrip-
tions (ED) of the dishes (e.g., “mellow rice with Riojan mushrooms and prawns”). The other
half of the participants read a menu with rational descriptions (RD) of the dishes (e.g., “rice
with mushrooms and prawns”). We showed the stimuli three times while scanning the
subjects (Figure 1).

Figure 1. Cont.
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Figure 1. Dishes and menu used.
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We randomised the images using E-Prime 2.0 (Psychology Software Tools, Pittsburgh,
PA, USA). The experimental design was made up of four levels or factors, coming from the
four conditions (PD× ED, PD× RD, UD× ED and UD× RD). These factors corresponded
to a pleasant/unpleasant design and an emotional/rational description), giving rise to four
experimental conditions.

Once inside the MRI scanner, subjects viewed each image for seven seconds. In
addition, we included 72 intervals formed by a black background and a white cross in the
centre among the images. We also included a baseline of 30 s duration with the same shape
as the stimuli between intervals and between each of the three exposure periods; therefore,
the experiment lasted 1098 s (Figure 2).

Figure 2. Experimental design.

3.3. Procedure for the Acquisition and Pre-Processing of fMRI Scans

The study consisted of one session. We called the participants to the research centre
45 min before starting the MRI task. We informed each participant of the procedure to
be followed before entering the fMRI scanner. The fMRI scan procedure consisted of
localisation, structural, and functional scans. While the scanner extracted the functional
images, the subjects performed the passive viewing task.

The scanner used was a Magneton Prisma Fit 3T (Siemens Healthcare, Madrid, Spain)
provided with software for acquiring anatomical and functional images of the brain. We used
a gradient echo sequence technique for enhancement in T1 (1 mm→1 mm→1 mm voxels)
and T2 * (64→64→3 mm pixels, TE = 35 milliseconds). This is how the blood-oxygenation-
level-dependent (BOLD) images were obtained. Employing 3 mm axial sections, we vi-
sualised the whole brain with 2 mm thick echoplanar images. We obtained a cut every
90 milliseconds. This meant that 37 cuts for each volume were obtained. We only needed
one acquisition period to record all the data. Additionally, we used a repetition time (RT) of
3 s per volume to acquire the 337 images from each session.

Once the exploration was over, the subjects were moved to an adjacent room. They
were asked about their attitude towards different dishes.

We used MATLAB R2015b (MathWorks, Sherborn, MA, USA) to pre-process the fMRI
data. Specifically, we applied the statistical parametric mapping package (SPM V12). To
avoid finding magnetic field saturation effects, we discarded the first seven slices before
pre-processing the images. Through interpolation, we realigned the functional images [60].
These images were then spatially normalised following the pattern set by the Montreal
Neurological Institute (MNI). Finally, we stabilised the BOLD signal and smoothed the
images using a Gaussian core of 8 mm maximum-medium width. In this way, we recorded
the movement parameters based on the general linear model.
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3.4. Whole-Brain Analysis

The contrasts generated in each subject during the first-level analyses were: pleasant
(PD× RD + PD× ED) vs. unpleasant (UD× RD + UD× ED) and their inverse. For the con-
trasts made to the group during the second level of analysis, two-sample t-tests were carried
out as follows: emotional description (PD × ED) vs. rational (PD × RD). The group size
threshold was established by applying the cp cluster Pthresh function. This function pro-
vides the minimum cluster size (in voxels) corrected by familywise error (FWE). In addition,
it allows for obtaining a significant p-value < 0.05, which is ideal for multiple whole brain
comparisons [61]. This allowed us to require an uncorrected p-significance level < 0.001.
Given the exploratory nature of the analyses, we set a minimum cluster size between 10
and 15 voxels.

4. Results
4.1. Attitudinal Outcomes

The IBM Statistical Package for the Social Sciences (IBM SPSS Statistics, Version 20.0.
Armonk, NY, USA) statistical software was used to assess whether there were differences
in attitude towards the chosen dish between consumers who were shown the menu with
emotional descriptions and those who were shown the menu with rational descriptions.
A Kruskal–Wallis test revealed significant differences between the attitudes of consumers
towards the dishes (Z = −2.939; p = 0.03). In particular, subjects who read the emotional
descriptions (mean = 5, SD = 0) had a higher attitude towards the dishes. The scores
towards the dishes were lower in those who read the rational descriptions (mean = 3.33,
SD = 0.516).

4.2. Pleasant and Unpleasant Design Contrast

The groups in the rear R cingulate gyrus, L inferior parietal lobe, R pre(cuneus),
L middle cingulate gyrus, and R superior frontal gyrus were activated more strongly when
comparing the pleasant (PD × RD + PD × ED) and the unpleasant (UD × RD + UD × ED)
plates. In contrast, the L hippocampus, L inferior occipital gyrus, and L exterior of the
cerebellum were activated more significantly when comparing unpleasant to pleasant
dishes. In these analyses, a significance level of p = 0.001 was established without correction.
The results are presented in Figure 3 and the coordinates of the peak are in Table 1.

Figure 3. Brain regions activated more strongly to pleasant vs. unpleasant dishes (PD > UD) and to
unpleasant vs. pleasant dishes (UD > PD).
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Table 1. Brain regions with stronger activation in response to pleasant (PD × RD + PD × ED) vs unpleasant (UD × RD +
UD × ED) dishes.

Peak MNI-Coordinates MNI Contrast

Brain Region x y z Z T Effect Size **

PD > UD

R Posterior cingulate gyrus * 8 −38 18 3.81 5.70 1.09
L Inferior Parietal Lobule * −44 −46 42 3.41 4.71 0.98

R Precuneus * 8 −56 40 2.98 3.82 0.86
L Middle cingulate gyrus * −6 −24 26 2.94 3.84 0.84
R Superior Frontal Gyrus * 4 36 50 2.69 3.29 0.77

UD > PD

L Hippocampus * −22 −38 −2 4.55 8.16 1.31
L Inferior occipital gyrus * −38 −66 −2 3.40 4.69 0.98

L Cerebellum exterior * −20 −78 −54 3.32 4.50 0.95

* Peak of clusters significant at p < 0.0001 uncorrected, k ≥ 10 voxels are reported. ** Effect Size = Z/
√

N.

The upper part of the figure shows a T-map with a threshold of p < 0.0001 uncor-
rected for multiple comparisons (T > 3.2), which is superimposed on the mean anatom-
ical image of all subjects (NIM-space). A: R posterior cingulate gyrus; B: L inferior pari-
etal lobe; C: R precuneus; D: L middle cingulate gyrus; E: R superior frontal gyrus. The
lower part shows an uncorrected threshold T map at p < 0.0001 for multiple comparisons
(T > 4.5), which is superimposed on the mean anatomical image of all subjects (MNI-space).
A and B: L hippocampus; C and D: L inferior occipital gyrus; E: L outer cerebellum. See
the corresponding coordinates of the peaks in Table 1.

4.3. Contrasting Emotional and Rational Descriptions

The findings showed significant activity in the following areas: L putamen, R putamen,
R pallidum, R insula and R middle cingulate gyrus while processing dishes with emotional
descriptions (ED × PD). The results of the inverse contrast (RD × PD) indicate greater
activity in the R superior parietal and ventral DC when the dishes on the restaurant menu
with a rational description (vs. emotional) are processed. In these analyses, a significance
level of p = 0.005 was established without correction. The results are presented in Figure 4
and the coordinates of the peak are in Table 2.

Figure 4. Brain regions activated more strongly to emotional vs. rational description (ED > RD) and
rational vs. emotional descriptions (RD > ED).
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Table 2. Brain regions with stronger activation in response to emotional (PD × ED + UD × ED) vs. rational (PD × RD + UD
× RD) descriptions.

Peak MNI-Coordinates MNI Contrast

Brain Region x y z Z T Effect Size **

ED > RD

L putamen * −26 −6 2 3.84 6.05 1.10
R putamen * 28 −14 10 3.68 5.59 1.06
R pallidum * 20 0 −2 3.62 5.42 1.04

R insula * 34 −2 20 3.27 4.55 0.94
R middle cingulate gyrus * 6 6 32 2.73 3.44 0.78

RD > ED

R superior parietal * 26 −42 42 3.70 5.65 1.06
Ventral DC * 0 −12 −14 3.20 4.38 0.92

* Peak of clusters significant at p < 0.0005 uncorrected, k ≥ 5 voxels are reported. ** Effect size = Z/
√

N.

The upper part of the figure shows a T-map with a threshold of p < 0.0001 uncorrected
for multiple comparisons (T > 2.73), superimposed on the average anatomical image of all
subjects (NIM-space). A: L putamen; B: R putamen; C: R pallidum; D: R insula; E: R middle
cingulate gyrus. The lower part shows a T map with a threshold of p < 0.0001 uncorrected
for multiple comparisons (T > 3.2), superimposed on the average anatomical image of
all subjects (MNI-space). A and B: superior parietal R; C, D and E: ventral DC. See the
corresponding coordinates of the peaks in Table 2.

5. Discussion

To this day, no research in hotels and restaurants has examined the neural correlates
and behavioural reactions to specific menu items and their descriptions. To the best of
our knowledge, this is the first research to explore the neuronal nature of the combined
effect of dish design and description on a menu with neuroimaging and self-reporting tools.

In general, the results showed that pleasant and unpleasant design combinations
activate different regions at the brain level and also generate different attitudes, according
to previous research on the effects of combinations [2]. Findings revealed more positive
attitudes towards emotionally described dishes compared to rationally described dishes.

5.1. Combination of Descriptions and Pleasant Dishes

Neural correlates explain the nature of a greater attitude towards pleasantly designed
dishes. Combinations of pleasing dishes and emotional descriptions result in an increased
activation of primary visual regions, which is associated with increased attention to these
dishes. On the other hand, unpleasant dishes with rational descriptions activate areas
linked to the processing of rejection and satiety most strongly.

More precisely, brain areas identified in previous studies involved in integrating re-
wards, PD (namely, the ventral striatum, cingulate cortex, superior frontal gyrus, pre(cuneus)
and middle cingulate gyrus), are more strongly activated in response to pleasant combina-
tions than to unpleasant combinations.

The description of dishes and their design can convey positive rewards that whet the
appetite and therefore lead to the activation of neural patterns involved in the processing
of rewards. Hubert et al. [62] discovered the neural correlates associated with reward and
pleasure. These brain regions can be activated by visualising an enjoyable dish, anticipating
the pleasure derived from tasting a reward similar to the dish shown in the image [63].
Bartra et al. [16], after performing a meta-analysis of reward signal processing concluded
that the brain areas involved in processing subjective value (e.g., a primary reward such as
food) are located in areas close to the ventromedial prefrontal cortex (such as the middle or
superior frontal gyrus) and cingulate gyrus. However, previous studies looking at primary
rewards used food directly. Our study results showed that these areas are also activated in
response to food images when the dishes are pleasurable. Previous studies on the neural
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processing of rewards showed that the activation of areas involved in value (such as the
posterior gyrus cingulate or pre(cuneus) are the result of the retrieval of episodic memories,
linked to attractive dishes [2]. Activity recorded in the previous literature associates with
the rewards allows us to answer our first research question.

Studies on consumer choices have shown the involvement of the anterior cuneus and
inferior parietal gyrus in deciding under risk contexts [64], such as selecting a dish and
then it not resulting in what is expected. The meta-analysis by Krain et al. [64] indicates
that, along with these regions, the superior frontal gyrus is also involved in the processing
of ambiguous information and entails some risk for the decision-maker. These findings
are in line with our findings and coincidentally with the work of Casado-Aranda et al.
Casado-Aranda et al. [61] showed increased activity in the superior frontal gyrus when
participants visualised products accompanied by seals of approval. (i.e., guarantee reward
in some way). By showing pleasant dishes, it is possible to activate the inferior front
gyrus, which is a region linked to rewarding tasks [65]. Similarly, high-calorie dishes
(e.g., a nice dessert) tend to activate the appetite motivational system to a greater extent
than low-calorie dishes (e.g., a vegetable dish). The strongest activity in this motivational
system is associated with the medial and dorsolateral prefrontal cortex. According to
Killgore et al. [66], both regions play a key role in the anticipation of reward [67,68] and
the decision to perform an emotional behaviour [69]. In summary, these results suggest
that pleasurable dishes accompanied by emotional descriptions result in greater attention
paid, recall of past experiences, and higher expected value.

5.2. Combination of Descriptions and Unpleasant Dishes

In our study, the areas considered involved in the processing of satiety, inhibition,
and negative sensations in previous literature (middle occipital gyrus, hippocampus,
cerebellum and amygdala) showed higher activation in response to the visualisation of
unpleasant dishes compared to pleasant dishes (analysed together).

The visualisation of unpleasant stimuli further activates areas such as the hippocam-
pus, (a region that can modulate satiety) and helps to control normal eating behaviour [70].
The inferior occipital gyrus was also strongly activated by unpleasant dishes. Previous
research has shown that these areas can play a crucial role in inconsistent stimuli [61]. With
these regions, offending plates triggered a neural response in the cerebellum, which is
a part of the brain involved in sensory attention and motor learning [71]. Their activity
shows increased responses to food cues in obese vs. lean individuals [72]. It is thought that
the increased activity in the cerebellar region may reflect efforts to regulate eating [73]. The
neuronal correlation linked to the production of unpleasant dishes suggests that individ-
uals activate behavioural control regions that slow down the consumption of the dishes
shown. We found a stronger activation in the areas of inhibition, rejection, and ambiguity
during unpleasant dishes (vs. pleasant dishes), which may reflect a more negative attitude
conferred to the dish and therefore to the restaurant and, consequently, to the purchase
intention. These findings are of great interest because the neuronal results allow us to
ascertain inaccessible differences at a conscious level between the displeasure transmitted
by unpleasant dishes and the visualisation of pleasant dishes. Furthermore, it answers our
second research question.

Striation is strongly activated at the neuronal level when comparing the subjects who
visualised the emotional (vs. rational) descriptions. Several studies reinforce the role of
the putamen and pale in processing emotional information relevant to the individual [46].
These regions deal with different functional aspects of learning and link stimulation with
the anticipation of reward [43]. Moreover, the regions mentioned are linked to expectations
of positive developments in the future [51,74], such as consumption of the dish described.
Recent research [75] has concluded that the striated body, insula, and cingulate cortex are
associated with reward, hedonic evaluation, attention, and motivation. This finding fits
well with this study, answers our third research question, and is consistent with previous
literature linking these regions to responses to tasty food images [76], commercial foods [77],
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cues predicting the subsequent presentation of tasty high-calorie foods [78,79], and the
reception of tasty high-calorie foods [80].

Consistent with previous neuroimaging findings, the main effects of relational rea-
soning between the rational description of the dish and its image elicit activation of the
SPL [1] and ventral DC. It has been found that the superior parietal lobe is activated during
orientation towards the spatial location of visual signals [58]. In addition, the superior
parietal cortex is involved in the ordering, updating, and manipulation of working memory
items [81]. It seems that visualising the dish after reading a rational description creates
mental logic that activates the codification of relational spatial information. In the case
of the more rational and informative and less persuasive descriptions, the visualisation
of images manages to direct attention towards pleasant dishes. These results are similar
to those achieved in recent studies where congruent (as opposed to incongruent) stimuli
were shown [82], although they did not use food stimuli. Furthermore, our results are
in line with Chang et al. [83], who observed that SPL activity was detected by showing
non-congruent (vs. famous) stimuli.

The above arguments answer our fourth research question and suggest that rational
descriptions, when visualising pleasant dishes, activate congruence integration regions.
However, it seems that these descriptions do not succeed in transferring emotion to the
displayed dish.

6. Conclusions

The present study shows the importance of the design of a dish in forming a positive
attitude and anticipating the possible rewards that its description may imply. In other
words, a good design and a perfect arrangement of the elements of a dish can make it
a powerful marketing tool that induces certain ideas related to the pleasure of eating.
Therefore, the restaurant menu designer could design the menu using images of pleasing
dishes and emotional descriptions that trigger positive emotions in the consumer’s mind
at the moment of decision making. It is also possible that the dish’s description or image is
reminiscent of a past, pleasurable episode. In the latter case, the customer could quickly
process the information, eliciting an emotional response that could condition their choice
of a particular dish. Managers should identify the most profitable dishes and display
images of them on the menu. This design can convey particular messages to customers,
encouraging them to spend more or even make them want to repeat if the experience is
good. Our findings also suggest that when we choose a dish to eat in a restaurant, we pay
little attention to healthiness, which may influence people to form future eating intentions
that are less healthy, and restaurant managers should consider this issue. Therefore, a fair
presentation of the menu could improve sales, improve restaurant profitability and improve
customer satisfaction, which are the main objectives that every manager ultimately seeks.

In this research, a specific experimental design was developed in order to assess
the information processing of the participants. The strict and careful application of the
experimental design achieved an improvement in the internal and external validities
of the results. However, the results obtained should be treated with caution due to the
small sample size. In the future, we hope to replicate this design with a larger sample of
individuals to analyse the interactions between all factors, reduce the margin of error, and
obtain more consistent and robust results.

The research design itself did not allow us to evaluate the same image of a dish with
text and without text. This limitation prevented us from really separating the reward
derived from the visual image and the reward provoked by the textual message (emotional
or rational). Future research could analyse the impact of different marketing messages
(description, price, and even quality seals or designations of origin) on the same image.

Finally, it would be interesting to address the visual relevance of textual vs. visual
stimuli in future work. This comparison could be made using eye-tracking methodolo-
gies. The information obtained through eye-tracking would allow us to judge the correct
placement of descriptions and images of dishes on the restaurant menu.
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