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Self-report measures rely on cognitive and rational processes and may not, therefore, be the most suitable tools
to investigate implicit or unconscious factors within a sensory experience. The responses from the autonomic
nervous system (ANS), which are not susceptible to bias due to their involuntary nature, may provide a better
insight. Expectations are important for the consumer-product interaction and should be considered. However,
research using ANS responses has not focused thoroughly on expectations. Our aim was to investigate the
mechanisms underlying ANS responses by evaluating the reactions to diﬀerent images when expectations about
a product are created (before tasting the product) and when they are conﬁrmed and disconﬁrmed (after tasting
the product).
In a ﬁrst study, seventy-ﬁve participants tasted four drinks (three identical soy-based drinks and one ricebased drink) and were told that they would be shown their main ingredient either before or after tasting. For the
three identical drinks, the images shown were: worms, chocolate, and soy. Heart rate and skin conductance were
measured during the procedure. The results showed that ANS responses followed similar patterns when images
were presented before or after tasting. Heart rate decreased for all images, with the largest decrease found for
chocolate and worms. Skin conductance increased, with the largest increase found for worms. To test whether
the eﬀects were solely caused by image perception, a second study was done in which forty participants only saw
the images. The responses obtained were smaller and did not completely match those of the ﬁrst study.
In conclusion, it could be said that the ANS responses of the ﬁrst study were a result of the sensory processing
and defense mechanisms happening during the creation and (dis)conﬁrmation of expectations. The second study
conﬁrmed that visual perception alone could not account for these eﬀects and that it led to smaller changes.
Hence, it seems that the context of use inﬂuences the patterns and magnitude of ANS responses to food cues.

1. Introduction
Sensory and Consumer Science rely on self-reports to measure the
consumers' perceptions of products as well as to characterize such
products. These self-report measurements are based on cognitive and
rational processes and, therefore, cannot answer questions related to
other unconscious and implicit aspects of the consumer-product interaction [1,2]. Other routes might be able to give a better insight into the
mechanisms underlying these unconscious processes.
There is a richness of reactions yet to be explored that may contribute to revealing how consumers perceive the world around them
and in this context, food products. Among these reactions, the responses
of the autonomic nervous system (ANS) may be a useful tool. The ANS
is a component of the peripheral nervous system that is not under voluntary control. It is divided into a sympathetic and a parasympathetic
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branch, each relevant for speciﬁc situations. The ﬁrst is relevant for
emergency, “ﬂight or ﬁght” reactions, and exercise while the latter
predominates in resting situations [3]. The ANS responses commonly
measured include cardiovascular activity (heart rate variability), electrodermal activity (skin conductance and skin potential), skin temperature and blood pressure [4]. The branch of the autonomic nervous
system represented in the measurement depends on the ANS response
used. Skin conductance responses are related to sympathetic activity,
heart rate variability reﬂects parasympathetic activity, while heart rate
and blood pressure represent a combination of both branches [5].
ANS responses are not susceptible to self-report biases due to their
involuntary nature. They are believed to precede the consumers'
awareness and, as a result, proposed to reveal the preferences of consumers [6]. These characteristics hold some potential when it comes to
food products, as it is sometimes diﬃcult for consumers to express why
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anticipation of pleasant situations, which we would like to experience,
and the anticipation of unpleasant situations which we would like to
avoid [22]. The expectations that are created through food cues (visual,
auditory, or olfactory), or even by the thought of eating, lead to a
variety of anticipatory responses in the body. These anticipatory responses can prepare the body to facilitate the digestion of food or they
can diminish the negative consequences that are expected from food
intake [23]. Changes in cardiac activity, skin conductance, and blood
pressure have been measured in some studies in response to food cues.
Nederkoorn et al. [23] looked at the physiological changes in normal
subjects when exposed to liked foods and found that, compared to
baseline, they led to an increase in heart rate, systolic blood pressure,
temperature, and skin conductance level. De Wijk et al. [10] looked at
the ANS responses while looking at three liked and disliked foods before
they were consumed and found that skin conductance response increased while looking at disliked foods compared to liked foods but that
heart rate did not diﬀer. Vögele and Florin [24] found that food exposure led to an increase in skin conductance, blood pressure, and heart
rate for both binge eaters and normal eaters compared to baseline and
that eating led to a further increase in heart rate and blood pressure
compared to food exposure. There are still some contradictions among
the ﬁndings in studies. For example, Overduin and Jansen [25] found
that exposing fasting and non-fasting subjects to food did not increase
heart rate, skin conductance and salivation. Moreover, the physiological responses when observing food were similar to the ones when
observing soap. Another study by Nederkoorn and Jansen [26], however, used a similar procedure with restrained and unrestrained eaters
and found that unrestrained eaters showed an increase in heart rate
when exposed to food compared to when exposed to soap.
While the aforementioned studies have looked at the anticipatory
responses related to the creation of expectations, the eﬃcacy of the ANS
responses to capture them is still unclear. Moreover, the measurement
of the changes related to the conﬁrmation and disconﬁrmation of expectations has been neglected by such studies. A link between ANS
responses and the disconﬁrmation of expectations has been previously
hypothesized though not yet put into study. George Mandler stated that
a disconﬁrmation of expectations will lead to an activation of the autonomic nervous system. In cases of assimilation, in which the disconﬁrmation is small, the activation will be low. However, the activation will increase in situations in which assimilation is not possible and
it is necessary to modify an expectation [27]. Our study looks into
Mandler's theory and evaluates the extent to which ANS responses can
capture the reaction to speciﬁc visual stimuli as expectations are created and when these same expectations are conﬁrmed and disconﬁrmed. For this purpose, two studies were conducted in which the
ANS responses to the same visual cues were measured. For the ﬁrst
study, images of diﬀerent valence were presented as main ingredients of
food products that participants were asked to drink. The eﬀect of the
creation of expectations was measured through the anticipatory responses when the images were presented before consuming the drink.
The conﬁrmation and disconﬁrmation of expectations were assessed
through the responses when presenting the images after consuming the
drink. The incorporation of images of diﬀerent valence would serve as
an exploratory analysis to additionally test if the eﬀect of the conﬁrmation and disconﬁrmation of expectations would overrule that of
valence. For the second study, participants saw the same images of the
three ingredients but were not asked to drink the products. This was
done to determine if the eﬀects found were inherent to the image
perception or a consequence of the creation or the (dis)conﬁrmation of
expectations.
Our hypotheses were: (1) given the increase in physiological responses found when exposed to food cues and the eﬀect that information before a product has on its evaluation [13,20,23,26], the ANS responses during the creation of expectations would be stronger than the
responses to the conﬁrmation and disconﬁrmation of expectations; (2)
in line with Mandler's theory regarding expectations, ANS responses

they react the way they do [7]. Nevertheless, the understanding of ANS
responses and their correct application in the food domain entails
certain challenges. When using these measurements it is necessary to
take into account the fact that the ANS is in charge of diﬀerent tasks in
our body. Bodily functions like breathing, the digestion of food, or even
the movement of blood in our body may aﬀect ANS responses as well as
other non-aﬀective and non-emotional responses, such as attention and
mental eﬀort [8].
Researchers in the food domain have attempted to ﬁnd ANS patterns
that can reﬂect implicit factors such as emotions and pleasantness but,
unfortunately, the eﬀects found are inconsistent and diﬃcult to compare [9]. For instance, in a study with breakfast drinks, De Wijk et al.
[10] found that there was a positive association between liking scores
and heart rate but no diﬀerences in skin conductance. In a similar study,
Danner et al. [2] studied the implicit and explicit reactions to diﬀerent
juice drinks and found no diﬀerences in heart rate. However, they
found an increase in skin conductance level (SCL) compared to baseline
for a pickled cabbage juice (sauerkraut) that had a low liking score and
a low SCL increase for a common orange juice. Horio [11] measured the
heart rate of participants when tasting stimuli such as quinine-HCl
(bitter), MSG (umami), citric acid (sour), and sucrose (sweet) and found
a negative correlation between liking and heart rate for the ﬁrst three
but no signiﬁcant correlation between heart rate and liking for sucrose.
There is a lack of clarity in most published studies regarding skin
temperature. Danner et al. [2], He et al. [7], and Leterme et al. [12] did
not ﬁnd a signiﬁcant diﬀerence in skin temperature between pleasant
and unpleasant stimuli, while De Wijk et al. [13] found higher temperatures for liked foods in both children and young adults and Robin
[14] found a higher skin temperature amplitude for unpleasant stimuli.
ANS responses to expectations may lead to clearer patterns than the
factors currently assessed in the food domain. Expectations are a key
factor in the consumer-product interaction. Food cues such as the sight
of food elicit an array of physiological, physical, and cognitive processes [15]. Our brain interprets and integrates the information from
previous experienced situations with the new information of the product in front of us [16]. Consumers already have a preconceived idea of
the taste, texture, and other sensory characteristics of the food (sensory
expectations) as well as how much they will like it before consuming it
(hedonic expectations) [17]. All foods are evaluated according to these
expectations and, after this process, a judgment is given [18].
The hedonic evaluation of a food will not be aﬀected if the food the
consumer is presented with matches their expectations. However, there
might be a disparity between the expected experience with the product
and the actual one; which would lead to a disconﬁrmation of expectations. In such cases, the following processes might take place: (a) a
minimization of the diﬀerence and adjustment of the perception to
what was expected (assimilation), (b) a maximization of the diﬀerence
(contrast), (c) a negative evaluation of the product regardless of how it
is perceived (generalized negativity), or (d) assimilation when there are
small discrepancies and contrast as these discrepancies increase [16].
In research, expectations are usually manipulated by using verbal or
non-verbal information. Some studies, for example, use simple sensory
information like taste or visual cues to assess their eﬀect on hedonic
expectations. The moment this information is presented plays a role on
the impact it will have on the consumer [19]. For instance, the study by
Lee et al. [20] showed that the timing in which the information about
an unpleasant ingredient present in a beer was received aﬀected the
overall experience of the tasting. Participants had to taste and give their
preference between two beers, one adulterated with an ingredient
perceived as unpleasant and one unadulterated. The beer with the unpleasant ingredient was less liked when participants knew the ingredient before tasting it (and hence had particular expectations about
its ﬂavor) than those that tasted it blindly or before getting the information. This is because obtaining information about a product prior
to its consumption creates expectations about the sensory properties of
the product [21]. Our behavior is motivated to the same extent by the
479
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Fig. 1. Procedure of Study 1. Heart rate and skin conductance were measured while participants looked at
images which were shown before or after tasting a sample.
The (+) symbol relates to the ﬁxation crossed that preceded each image.

Participants were instructed to refrain from eating or drinking
(except water) for 1 h before their appointment and to wear comfortable clothes for the study. The researcher explained the procedure to
the participants, giving ample time for questions, and asked them to
read and sign the informed consent. Once the informed consent was
signed, the researcher started placing the sensor pads.
Heart rate and skin conductance responses were measured continuously throughout the whole study. For the measurement of heart
rate, seven sensor pads (Kendall™ H98S8 60 mm micropore ECG electrodes) were placed on each participant; ﬁve were on the chest and two
on the back. For the measurement of skin conductance, two sensors
(Biopac® TSD 203 Electrodermal Response Transducer) were placed,
one on the index ﬁnger and the other on the middle ﬁnger of the nondominant hand. The researcher checked all signals to avoid any problems due to electrode misplacement. After all signals were checked, a
baseline measurement was taken. For this measurement, participants
were asked to remain still, to close their eyes, and to breathe normally
for 1 min.
The study consisted of tasting drink samples and observing the
images of the alleged main ingredients of the samples. The cover story
given was that the aim of the research was to study the eﬀect that the
bodily reactions had on speciﬁc associations when the samples were
tasted. Participants were told that they would try four diﬀerent nondairy drinks with a similar ﬂavor but with a diﬀerent main ingredient.
Participants were randomly assigned to one of two possible conditions,
ensuring that the male: female ratio between them was as similar as
possible. The moment the ingredient was shown on the screen varied
depending on the assigned condition (Fig. 1). In one condition, participants were shown the image of the main ingredient before tasting the
sample (and so forth for the other three samples). For the other condition the design was reversed: participants were shown the image of
the main ingredient after the actual tasting of the sample. In reality
three of the samples given were the same and one was diﬀerent to
ensure the eﬀectiveness of our design (see Section 2.1.2). For the three
identical samples, diﬀerent images were randomly shown (one neutral,
one positive, and one negative, see Section 2.1.3).
Participants were seated in front of a computer and instructed to
taste the samples (25 ml) with their eyes closed, leave the sample in
their mouth for 20 s and swallow it afterwards. We chose 20 s to give
them the impression that the corresponding ingredient would be

were expected to be stronger for the images that disconﬁrmed expectations than for those images that conﬁrmed them. The responses
would capture the eﬀect of the initial disconﬁrmation rather than that
of valence. Hence, the responses for positive and negative images that
disconﬁrm expectations were expected to be similar; (3) the diﬀerences
in ANS responses would not be fully derived from the perception of the
images. That is, the eﬀects would only be seen when tasting was included in the design. Hence, we expected that in our second study we
would not ﬁnd the eﬀects of Study 1.
In order to answer the aforementioned hypotheses correctly, certain
subjective factors that can inﬂuence the intensity of the ANS responses
were considered in the design. Given that our current focus is in the
food domain, it was important to account for the fact that individuals
with high food neophobia have a higher physiological arousal when
presented to food stimuli [28]. Other factors accounted for included
that subjects with high sensitivity to body signals have been found to
experience emotions more intensely and that individuals with high
emotional intensity (more intense experience of emotion) present
stronger emotional responses to stimuli than individuals with a lower
emotional intensity [29,30].
2. Study 1
2.1. Materials and methods
2.1.1. Procedure
2.1.1.1. Screening and selection of participants. Eighty-nine Dutch
citizens ranging from 20 to 45 years of age were recruited from the
Ede area and surroundings. Participants were excluded if they had a
BMI higher than 24.9 kg/m2 (calculated from self-reported height and
weight), were color-blind or had any food-related allergies. Participants
were given a summary of the procedure that would follow during the
study and were asked to schedule an appointment if they agreed to
participate. Ethical approval was obtained by the Social Sciences Ethics
Committee of Wageningen University.
2.1.1.2. Experiment session. The study took place at Wageningen
University, the Netherlands; in a well-lit white room. The room was
equipped with a table, three chairs, and a computer with E-Prime 2.0
(Psychology Software Tools, Pittsburgh, PA).
480
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**p<0.05

A)

B)

Fig. 2. Adjusted mean ( ± SE) of (A) delta heart rate (beats per minute) and (B) delta skin conductance (μs) during the presentation of the images before (N = 34) or after tasting
(N = 41). Diﬀerent letters indicate a signiﬁcant diﬀerence between the group images (Tukey's HSD test, p < 0.05).

***p<0.01

A)

B)

Fig. 3. Adjusted mean ( ± SE) of (A) delta heart rate (bpm) and (B) delta skin conductance (μs) during the presentation of the images in Study 2 (N = 40). Diﬀerent letters indicate a
signiﬁcant diﬀerence between the group images (Tukey's HSD test, p < 0.05).

were debriefed. They were told which information was false, the real
nature of the samples they had tested, and the main objective of the
study.

present in their mouth for a long time. Participants ate a water cracker
(Carr's Original table water, Carr's of Carlisle, UK) and took a sip of
water before tasting each sample in order to cleanse their palate. To
ensure that they were familiar with the procedure and that all samples
were correctly swallowed, they practiced with a water sample ﬁrst. All
images were shown for 5 s and were preceded by a ﬁxation cross that
lasted 3 s. To avoid any inﬂuence from the movements done during the
tasting, a gap of 10 s was added between the tasting of each sample and
the presentation of the next image. Participants were asked to avoid any
movement and to breathe normally while watching the images (Figs. 2
and 3).
At the end of the study, participants ﬁlled out four questionnaires
about the remembered sensory characteristics of each sample, the Food
Neophobia Scale (FNS) [31], the Private Body Consciousness (PBC)
Scale [32], and the reduced Emotional Intensity Scale (EIS-R) [33]. The
FNS scale consists of a 10 item questionnaire to measure the avoidance
or reluctance to eat novel foods [31]. The PBC scale measures on a 5
item questionnaire the sensitivity to internal bodily sensations [32].
Finally, the EIS-R consists of 17 items representing diﬀerent emotional
experiences, 9 measure positive emotional intensity factors and 6
measure negative emotional intensity factors.
Once participants had ﬁnished, they were asked to guess the aim of
the study and to give any additional comments. This was done to ensure
that any lack of signiﬁcant results was not due to the participants
guessing the aim of the study. After giving their answer, participants

2.1.2. Tasting samples
In order to correctly prevent any inﬂuence related to the liking of
the samples' ﬂavor, we selected a drink whose ﬂavor would be regarded
as neutral. The three repeated samples given in this study consisted of a
commercially available unsweetened soy drink (AH zachte soja drink
ongezoet, Albert Heijn B.V., Zaandam NL). To improve the taste of the
drink, one pill of sweetener (Natrena zoetjes DE Master blenders,
Amsterdam the Netherlands) was diluted in 5 ml of hot water and then
added to 250 ml of the soy drink.
Pretests with only this soy drink as the tasting stimulus revealed that
participants could tell that the three samples were the same. Therefore,
a rice drink sample was added and allocated randomly at either the
second or the third position in order to prevent having the soy drink
presented together three times. The rice drink was prepared in a
manner that would ensure that, although participants could tell the
sample was diﬀerent, it was still similar to the soy one which further
helped our cover story. It consisted of a combination of 200 ml of a rice
drink (Rice Dream, Original organic, Hain Europe NV, Aalter Belgium)
and 100 ml of the unsweetened soy drink (AH zachte soja drink ongezoet).
The aforementioned drinks were chosen after pretests with three
481
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consciousness and emotional intensity. To test the eﬀect of food
neophobia, participants were divided into high food neophobics
(score higher than 35) and low food neophobics (score lower than
35) on the FNS scale. For both delta heart rate and skin conductance
response, a mixed model anova with image, food neophobia and the
interaction between the image and food neophobia as ﬁxed factors and
subject as random factor was used. To test the eﬀect of private body
consciousness, participants were divided into high PBC (higher than the
median) and low PBC (lower than the median) and the same model that
was used to test the eﬀect of food neophobia was applied. Likewise, for
the EIS-R scores the positive and negative subscales were used to divide
participants into high and low groups for positive and negative
emotions respectively and the eﬀect of both was tested with the same
mixed model anova used for FNS and PBC.

drinks (sweet soy drink, unsweetened soy drink, and coﬀee milk)
showed that the unsweetened soy drink was the most diﬃcult one to
recognize by consumers. We also found that the unsweetened soy drink
was disliked by people. Adding the sweetener, however, allowed us to
increase the liking at a level in which it was not highly liked nor disliked (liking score = 4.9 ± 1.8 on a 7-point scale) while still ensuring
that the drink was not easily recognized. All samples were stored in the
fridge and taken out 1 h before the participant's appointment. The
samples were served in 30 ml plastic cups.
2.1.3. Visual stimuli
Four images were presented depicting the supposed “main ingredient” of each of the samples. As mentioned above, for the three soy
drink samples, three diﬀerent images (one neutral, one positive, and
one negative) were shown. The neutral image consisted of a picture of
soy (opened soybean pods), which depicted the real ingredient of the
drink. The positive image was a picture of chocolate (dark chocolate)
and the negative image was a picture of worms (grub worms). We chose
these pictures because insects and chocolate had previously been categorized as negative and positive in other studies [34,35]. The fourth
image shown was rice (handful of rice), the main ingredient of the
sample that was diﬀerent from the others in our design. The soy, worms
and rice images showed the raw versions of the ingredients. All images
were presented in random order except for the rice image which, for the
reasons stated previously (see Section 2.1.2), was shown either in the
second or the third position. The images used were standardized to a
resolution of 450 × 600, 96 dpi sRGB format and set on a white
background.

2.2. Results
Eighty-nine participants completed the study. Seven participants
guessed the main aim and were removed from further analysis. The
data of four participants could not be used: two due to mistakes during
the execution of the study, one due to an error in the electrode placement and one due to a mistake in the software. Two participants
showed a higher than normal quantity of ectopic beats and were
therefore also excluded from the data analysis. One participant decided
to stop with the study. In total, the data of 75 participants, 44 females
(mean age = 28.3 ± 6.7, mean BMI = 21.6 ± 1.6 kg/m2) and 31
males (mean age = 30.4 ± 6.9, mean BMI = 22.5 ± 1.4 kg/m2) was
used. The demographics of the sample, divided by condition, can be
found in Table 1.

2.1.4. Physiological measurements
Heart rate and skin conductance were measured with the VU-AMS
version 3.9 [36]. The ECG had a sampling rate of 1000 Hz and heart
rate was obtained from the time between two adjacent R waves. Skin
conductance was sampled at a rate of 10 Hz with a signal range between 0 and 95 μs. The signal was ﬁltered both in forward and reverse
direction with a low pass ﬁlter with a cut oﬀ frequency of 2 Hz.

2.2.1. Eﬀect of the images during the creation and conﬁrmation/
disconﬁrmation of expectations on heart rate and skin conductance
The following section describes the results of the analyses done to
assess the changes in ANS responses caused by images of diﬀerent valence when expectations are created (presentation before tasting) and
when expectations are conﬁrmed and disconﬁrmed (presentation after
tasting). Results for the mixed model analysis for the eﬀect of ingredient
images can be found in Table 2. The addition of gender, age and BMI
did not aﬀect the main outcome. As a result, the main model (see
Section 2.1.5. Data treatment and analysis) was used.

2.1.5. Data treatment and analysis
Heart rate and skin conductance data were extracted and visually
inspected for artifacts with the VU DAMS program (version 3.9). For
each image, two labels were created: one for the 3 s in which the
ﬁxation cross was shown and the other for the 5 s in which each image
was shown. The statistical software R version 3.2.2 was used for the
analyses of the ANS responses data obtained from the VU DAMS labels.
Only the data of the images that corresponded to the three soy samples
were analyzed.
The deviation from the baseline for heart rate (delta heart rate) and
skin conductance (delta skin conductance) was calculated for each
image. We used the average heart rate and average skin conductance
from the ﬁxation cross preceding each image as a baseline. To test if the
ANS responses diﬀered between images and conditions, the image effect on heart rate and skin conductance was analyzed by means of a
mixed model anova stating subject as random factor and the variables
image, condition (seeing the image before or after tasting), order of
presentation of the images, as well as the interactions between the
image and the order, and the image and the condition as ﬁxed factors.
The variables gender, age and BMI were assessed in separate models, as
previous literature has found diﬀerences in ANS responses related to
these factors [37–39]. These variables were only added to the main
model if their inclusion aﬀected the general outcome of the model. Post
hoc analyses for image eﬀects were performed using Tukey's HSD test
for multiple comparisons. Additional permutation tests were carried out
for the heart rate and skin conductance models when they did not fulﬁll
the normality assumption.

2.2.1.1. Heart rate. Delta heart rate was signiﬁcantly diﬀerent between
images (p = 0.011). Post hoc tests revealed that the main diﬀerences
for the images were between the worms and the soy images and the
chocolate and the soy images, with a larger decrease for the chocolate
and worms images than for the soy image. There was no signiﬁcant
eﬀect for condition (p = 0.350) nor for the order of presentation
between the images (p = 0.454). We found no signiﬁcant eﬀects for
any of the interactions. These results indicate that observing the
positive (chocolate) and negative (worms) images led to a stronger
decrease in heart rate than observing the neutral image (soy). Contrary
to what was expected, the moment the image was presented (either
before or after tasting) did not have an eﬀect in these responses.
Table 1
Demographics of the sample of Study 1, divided by condition (N = 75).

N
Gender
Female
Male
Age (years)
BMI (kg/m2)
a
b

2.1.5.1. Relationship of ANS with reported food neophobia, body
482

Image after tasting

Image before tasting

p-Value

41

34

–

24
17
28.7 ± 7.0
21.9 ± 1.5

20
14
29.7 ± 6–6
21.9 ± 1.7

0.953a

p-Value calculated with Welch's t test.
p-Value calculated with Chi-square test.

0.238b
0.744b
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Table 2
Results of the mixed model anova considering image, condition, order of presentation, and two-way interactions with the image (N = 75).
Image

Delta heart rate (bpm)
Skin conductance response (μs)
⁎⁎
⁎⁎⁎

df
2
2

F
4.680
4.5

p
0.011⁎⁎
0.012⁎⁎

Before or after tasting

Order of presentation

Image* before or after tasting

Image* order

df
1
1

df
3
3

df
2
2

df
6
6

F
0.882
0.07

p
0.350
0.787

F
0.877
8.1

p
0.454
< 0.001⁎⁎⁎

F
0.803
0.4

p
0.450
0.694

F
0.797
1.3

p
0.574
0.270

Signiﬁcance at p < 0.05.
Signiﬁcance at p < 0.01.

the presentation of the images. Participants were told that they would
be shown images of ingredients used in newly-developed soy-like
drinks. Before the presentation, the researcher made sure participants
understood there was no tasting involved. All images were shown for
5 s and were preceded by a ﬁxation cross that lasted 3 s. Heart rate and
skin conductance responses were measured throughout the whole
study. Participants were asked to avoid any movement and to breathe
normally while watching the images. At the end of the presentation,
participants ﬁlled out a questionnaire that contained questions about
the images shown. Once participants had ﬁnished the test, they were
debriefed.

2.2.1.2. Skin conductance. Delta skin conductance was signiﬁcantly
diﬀerent for each image (p = 0.012). Post hoc tests revealed that the
main diﬀerence for the image eﬀect was between the worms and soy
images, with the worms showing a higher skin conductance response.
The diﬀerence between the worms and the chocolate was not
signiﬁcant (p = 0.07). We found a signiﬁcant eﬀect for the order of
presentation of the images (p < 0.001) but not for the interaction
between the image and the order of presentation (p = 0.270). There
was no signiﬁcant eﬀect for condition (p = 0.787) or for the interaction
between the image and the condition (p = 0.694). These results
indicate that, contrary to what was expected, only observing the
negative image (worms) led to a higher skin conductance than
observing the positive (chocolate) and the neutral image (soy) and
that this eﬀect was found regardless of the moment the image was
presented (either before or after tasting).
2.2.2. Eﬀect of food neophobia, body consciousness and emotional intensity
From our sample of 75 participants, only ﬁve showed high food
neophobia (score higher than 35) on the FNS scale. It was, therefore,
not possible to perform a valid analysis of the eﬀects of food neophobia.
Regarding PBC, 38 participants scored high on the body consciousness
scale and 37 scored low. The mixed model anova showed no eﬀect of
PBC on any of the ANS responses (p = 0.908 for delta heart rate and
p = 0.566 for delta skin conductance). Analyses of the eﬀect of emotional intensity showed no signiﬁcant eﬀect for both positive
(p = 0.188 for delta heart rate and p = 0.254 for skin conductance)
and negative (p = 0.950 for delta heart rate and p = 0.105 for skin
conductance) emotions.

3.1.3. Physiological measurements, data treatment and analysis
Heart rate and skin conductance were measured with the same VUAMS version 3.9 used in study 1 [36]. All data were treated similarly as
in the previous study. Using the VU DAMS program (version 3.9), the
data were extracted, visually inspected for artifacts and labelled. Analyses were done with the statistical software R version 3.2.2.
To test if the ANS responses diﬀered between images, the image
eﬀect on heart rate and skin conductance was analyzed by means of a
mixed model anova stating subject as random factor and the variables
image, order of presentation of the images, as well as the interaction
between the image and the order as ﬁxed factors. Gender, age and BMI
were only added to the model when their inclusion aﬀected the main
outcome. Permutation tests were carried out when the heart rate and
skin conductance models did not fulﬁll the normality assumption. Post
hoc analyses for image eﬀects were performed using Tukey's HSD test
for multiple comparisons.

3. Study 2

3.2. Results

3.1. Procedure

From our subsample of 40 participants, 24 were female (mean
age = 21.5 ± 2.3, mean BMI = 21.9 ± 1.9 kg/m2) and 16 were male
(mean age = 23.1 ± 3.6, mean BMI = 21.45 ± 2.1 kg/m2).

3.1.1. Screening and selection of participants
A sample of forty Dutch participants ranging from 20 to 45 years of
age was selected. Participants were students and staﬀ members recruited from the Wageningen area and surroundings. They were excluded if they had participated in Study 1, had a BMI higher than
24.9 kg/m2, were color-blind or had any food related allergies. The
Social Sciences Ethics Committee of Wageningen University approved
the study.

3.2.1. Eﬀect of images on heart rate and skin conductance
The following section describes the results of the analysis done to
assess if ANS responses diﬀer upon exposure to images of diﬀerent
valence. This was done to determine if the eﬀects found in Study 1 are a
product of the image perception alone. Results for the mixed model
analysis for the eﬀect of ingredient images can be found in Table 3. The
addition of gender, age and BMI did not aﬀect the main outcome. As a
result, the main model (see Section 3.1.3. Physiological measurements,
data treatment and analysis) was used.

3.1.2. Experiment session
The study took place in the same room as in Study 1. Participants
were instructed to wear comfortable clothes to ensure there would not
be any problems with the measurements. On the day of their appointment, participants signed an informed consent before the researcher
started placing the sensor pads. All sensor pads were placed as speciﬁed
in the procedure of Study 1. Participants were informed that they would
be shown some images on the computer screen. Before the presentation
started, participants were asked to remain still, to close their eyes, and
to breathe normally for 1 min.
The study consisted of a presentation of the images, in random
order, shown in Study 1 (chocolate, soy, rice, worms). OpenSesame
version 3.1.2 [40], a software similar to that of Study 1, was used for

3.2.1.1. Heart rate. The diﬀerences in delta heart rate between images
were just marginally signiﬁcant (p = 0.06). There was no signiﬁcant
eﬀect for the order of presentation between the images (p = 0.087) nor
for the interaction between image and order (p = 0.789). This result
indicates that heart rate did not change when observing images of
diﬀerent valence. This is diﬀerent to what was seen in Study 1 and,
therefore, in line with our expectations.
3.2.1.2. Skin conductance. The diﬀerences in delta skin conductance
between images were signiﬁcant (p < 0.001). Post hoc tests revealed
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Table 3
Results of the mixed model anova considering image, order of presentation, and the interaction order: image (N = 40).
Image

Delta heart rate (bpm)
Skin conductance response (μs)
⁎⁎
⁎⁎⁎

Order of presentation

Image* order

df

F

p

df

F

p

df

F

p

2
2

2.95
7.9

0.06
< 0.001⁎⁎⁎

3
3

2.26
21.8

0.087
< 0.001⁎⁎⁎

6
6

0.52
2.36

0.789
0.04⁎⁎

Signiﬁcance at p < 0.05.
Signiﬁcance at p < 0.01.

increased. Attention, however, can also be increased when subjects see
something negative or aversive as this is a biologically advantageous
mechanism [44]. Hence, we need to consider that, compared to the
neutral image, the images with a positive and a negative valence might
have had the same eﬀect on motivation and, in consequence, directed
the attention of participants to the same extent for the incoming sensory
information.
For the skin conductance responses, only the worms image led to a
higher skin conductance than the soy image, while no diﬀerences between the responses to the soy and the chocolate image were observed.
The measurement of skin conductance in psychophysiology is related to
the responsiveness of the humane eccrine sweat glands to emotional
stimuli. If a stimulus increases the defensive or appetitive motivation
systems of a person, the skin conductance will increase. Whether a
negative or a positive stimulus leads to a similar activation depends on
the content and proportion of arousal of the stimulus [42]. The soy
image triggered a low activation due to its neutral valence and congruence. Regarding the worms and chocolate image, it is possible that
the worms image triggered a stronger defensive response than the appetitive response for the chocolate and therefore only the worms were
signiﬁcantly diﬀerent from the soy. Food aversions might also have had
an eﬀect on the strong defense activation found for worms. Food
aversions are usually linked to unpleasantness due to the nausea and
vomiting that happen when a dangerous food is ingested [45,46]. This
link might have strengthened the response to the worms image.
Study 2 showed that presenting the same images without making
participants believe that they will taste them led to changes in ANS
responses that did not completely match those of Study 1. The worms
image led to a stronger cardiac deceleration and a higher skin conductance than the chocolate and soy images. These changes, however,
only reached statistical signiﬁcance for skin conductance. Nevertheless,
the patterns observed in Study 2 are in line with what has been found in
previous research regarding visual stimuli (stronger cardiac deceleration for unpleasant stimuli and increased skin conductance for arousing
stimuli) [41,47,48]. Given that the responses in Study 1 and Study 2
diﬀer, it is likely that the changes in ANS responses obtained in Study 1
are not fully due to visual perception.
It remains to be determined whether the size of the changes obtained in Study 2 for both heart rate and skin conductance could be
considered as physiologically relevant. The highest mean diﬀerence
obtained in skin conductance between the baseline and the image was
0.08 μs while skin conductance responses related to novel, unexpected,
signiﬁcant or aversive stimuli often range between 0.2 and 1.0 μs [49].
Likewise, the heart rate diﬀerences between the baseline and the image
for the soy and chocolate images did not reach one beat. Published
studies have found larger diﬀerences in heart rate and skin conductance
when observing stimuli than the ones encountered in Study 2. For instance, Bradley et al. [48] found changes between baseline and picture
presentation of 1.1 ± 0.69 bpm and of − 0.24 ± 0.10 μs, for heart
rate and skin conductance respectively, while observing pleasant pictures that cue safety and of − 1.2 ± 0.63 bpm and − 0.20 ± 0.10 μs
for unpleasant pictures that cue safety. Overduin and Jansen [25] found
that the changes in non-fasting subjects between baseline and the
presentation of a food were of 3.6 ± 4.1 bpm for heart rate and of
1.82 ± 1.5 μs for skin conductance. Fasting subjects had heart rate

that the main diﬀerences were between the worms and the chocolate
images and between the worms and the soy images, with the worms
having the highest skin conductance response. We additionally found a
signiﬁcant eﬀect for the order of presentation of the images
(p < 0.001) and for the interaction between the image and the order
of presentation (p = 0.04). The worms and soy images had a higher
skin conductance when they were in the ﬁrst position compared to the
other three but this was not seen for the chocolate image. The results
indicate that the changes in skin conductance for the negative image
(worms) diﬀered from those for the positive (chocolate) and neutral
images (soy). In line with our expectations, these changes were
diﬀerent and smaller than what was found in Study 1. Moreover, they
were dependent on the order in which the images were presented.
4. General discussion
The aim of this work was to evaluate the ANS responses to images of
diﬀerent valence related to a product when expectations are created
(presented before tasting) and when they are conﬁrmed or disconﬁrmed (presented after tasting) and to further determine if the effects found are due to the image perception alone.
An important ﬁnding of this work is that the ANS responses when
the images were presented before the tasting were similar to those
when the images were presented after. The changes in heart rate and
skin conductance between the two conditions did not reach statistical
signiﬁcance. Whenever similar results are found between two conditions, the common interpretation is that they share a common mechanism. However, in the case of our results, this interpretation may
not be correct. It may be that the anticipatory reaction from seeing the
image before tasting (“I am about to taste this!”) had a magnitude similar to that of the conﬁrmation and disconﬁrmation of the expectations created by the image once the sample had been tasted (“I just
tasted this!”). Hence, both conditions (seeing the image before or after
tasting) led to similar ANS response patterns even though they were
driven by diﬀerent behavioral mechanisms.
Our results show that the changes in ANS responses diﬀered for
heart rate and skin conductance. In the case of heart rate responses, the
images with both a positive (chocolate) and a negative valence (worms)
showed a larger cardiac deceleration than the neutral image (soy). An
eﬀect of valence on heart rate is commonly seen in studies, but what is
usually found is that negative stimuli lead to a lower heart rate than
positive stimuli. Consequently, negative stimuli should have led to a
stronger cardiac deceleration [41]. This is diﬀerent from what we found
in our study, which might lead to the belief that the ANS responses were
able to measure the eﬀect of the disconﬁrmation of expectations regardless of valence. However, according to Bradley et al. [42], the
cardiac responses related to picture viewing seem to be more tightly
linked to sensory processing. Heart rate deceleration, the usual response
to the perceptions of visual stimuli, is a sign of attentional and incoming
sensory information. Attention will more likely happen for stimuli that
hold a signiﬁcance/potential impact to the self than for neutral stimuli
[43]. This goes in hand with Lacey and Lacey's theory, which states that
deceleration accompanies the motivation to note and detect events
while acceleration motivates ignoring certain events. When there is
something that subjects ﬁnd attractive or pleasant, attention is
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The results of our research showed that the ANS responses obtained
through the anticipatory responses related to the creation of expectations did not greatly diﬀer from those measured during the conﬁrmation and disconﬁrmation of expectations. In both cases, positive and
negative images led to a stronger cardiac deceleration than neutral
images. Moreover, the negative image led to a higher skin conductance
than the positive and neutral image. The ANS responses obtained were
a result of the sensory processing and defense mechanisms happening
during the creation and (dis)conﬁrmation of expectations. The second
study conﬁrmed that the eﬀects were not fully due to visual processing.
Hence, it seems that the context of use has an inﬂuence on the patterns
and magnitude of the ANS responses to food cues. It is necessary for the
individual to ﬁnd the sensory experience relevant in order to have an
eﬀect large enough to be considered signiﬁcant (both statistically and
physiologically).

changes of 6.8 ± 4.9 bpm and skin conductance changes of
0.47 ± 1.1 μs. It should be noted, however, that other factors from
both study designs may have been playing a role in the magnitude of
the responses. Bradley's study, for instance, used connotations linked
with safety and threat and hence the responses to the images were more
extreme. Likewise, the design of Overduin's study allowed other cues
related to the exposure of each food (e.g., odor) to contribute in making
the experience stronger.
The abovementioned diﬀerences pinpoint the importance of the
whole multisensory experience and the context while testing the consumers' responses to food products. In Study 2, showing the images
without any particular connotations might have led to a lack of engagement from participants. Noseworthy et al. [50] had previously
shown that participants that are bored or less interested (low aroused
state) do not show diﬀerences in skin conductance when presented with
images with incongruities. Participants from Study 2 may not have
found the sensory experience relevant to their needs and, consequently,
the mechanisms related to image perception were weak. In contrast, the
responses of the participants from Study 1, where there was a tasting
related to the images, were of a larger magnitude. It seems, therefore,
that ensuring that participants ﬁnd the sensory experience relevant
(e.g., by telling them that they will taste what is shown) is of importance for the measurement of strong ANS responses to food products.
Our study has certain limitations. Even though heart rate and skin
conductance responses were also measured at the moment of tasting in
Study 1, the breathing patterns and movements of the participants were
not fully controlled during this moment. As a consequence, the data
during the moment of tasting contained noise and could not be additionally considered for this work. In addition to this, we did not ask
participants to rate their liking of the sample immediately after each
tasting. Such data could have allowed us to assess the link between
expectations, liking and ANS responses. Regarding the responses found
for the images in Study 1, further studies should be conducted to conﬁrm our ﬁndings about what these responses represent. This may be
challenging as the variety of ANS measures, units and procedures used
in published studies make comparisons diﬃcult. It is necessary to develop a standardized measurement procedure which should be followed
by future studies in order to have comparable results.
The present work attempted to assess and complement Mandler's
theory by capturing the ANS responses when expectations are created
and when they are conﬁrmed and disconﬁrmed. The obtained results
bring more insight into the validity of the use of ANS responses in the
food domain and help understand the processes captured by ANS responses when presented to visual stimuli. Moreover, it considers that in
some cases the diﬀerences in ANS responses might not be meaningful
from a physiological point. Future research should look further into this
topic considering that ANS responses are more insightful under a certain context of use. For example, the testing of novel foods that contain
ingredients with a variety of scores in the arousal and pleasantness
dimensions might be of interest. When designing such tests, however, it
is necessary to consider the possibility that ANS responses may be more
sensitive to relevant situations that show contrast (positive vs negative,
safety vs threat) rather than similarity. In the case of novel foods, a
potential contrast could be comparing the responses when ﬁrst experiencing the product to those of subsequent tastings. The changes in
ANS responses after continuous exposure to these foods might help
capture the principles of acceptability.
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