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Abstract

Background and aim

Traditional liking ratings are typically seen as an important determinant in eating
behavior. However, in order to better understand eating behavior, we need to first
better understand (the dynamic and implicit features underlying) liking appraisal.
The aim of this thesis was to investigate the effects of food stimuli varying in sensory
modality (smell and taste), pleasantness and intensity, on emotional and physiological

responses leading up to liking appraisal.

Methods

Four studies, using healthy participants, were conducted as part of this thesis. In the
first study, responses to pleasant versus unpleasant food odors varying in intensity
were measured discretely using pleasantness ratings, intensity ratings and non-
verbally reported emotions (PrEmo), as well as continuously using facial expressions
and autonomic nervous system (ANS) responses. To further explore how explicit
and implicit factors contribute to pleasantness appraisal, the same measures were
assessed in response to food odors with a wider range of valence. Next, we focused
on facial expressions and ANS responses elicited by single sips of breakfast drinks
that were equally liked. In the last study, we investigated changes in pleasantness after
consuming semi-liquid meals to (sensory-specific) satiety, combined with measures of

facial expressions and ANS responses.

Results

Both non-verbal reported emotions and emotional facial expressions were demonstrated
to be able to discriminate between food odors differing in pleasantness and between food
odors differing in intensity. In addition to discrete emotional responses, odor valence
associated best with facial expressions after 1 second of odor exposure. Furthermore,
facial expressions and ANS responses measured continuously were found odor-specific
in different rates over time. Results of food odors with a wider range of valence
showed that non-verbally reported emotions, facial expressions and ANS responses
correlated with each other best in different time windows after odor presentation:
facial expressions and ANS responses correlated best with the explicit emotions of the

arousal dimension in the 2™ second of odor presentation, whereas later ANS responses



correlated best with the explicit emotions of the valence dimension in the 4™ second.
For food stimuli varying in flavor (breakfast drinks), facial expressions and ANS
responses showed strongest associations with liking after 1 second of tasting, as well as
with intensity after 2 seconds of tasting. Lastly, we were able to demonstrate that ANS
responses, as well as facial expressions of anger and disgust were associated with satiety.
Further effects of sensory-specific satiety were also reflected by skin conductance, skin

temperature, as well as facial expressions of sadness and anger.

Conclusions

Both non-verbal reported emotions and emotional facial expressions were demonstrated
to be able to discriminate between food odors differing in pleasantness and/or intensity.
Explicit and implicit emotional responses, as well as physiological patterns are related to
liking appraisals involved in smelling foods. Implicit measures such as facial expressions
and ANS responses can provide more multidimensional information for both food
odors and tastes than explicit measures and prove to be highly dynamic over time with
specific time courses. Early implicit facial and ANS responses primarily reflect emotion
arousal, whereas later ANS responses reflect emotion valence, suggesting dynamic
unfolding of different appraisals of food stimuli. Furthermore, ANS responses and
facial expressions can reflect pleasantness, satiety, and a combination of both: sensory-
specific satiety. This suggests that implicit processes play an important role in dynamic

liking appraisals with respect to eating behavior.
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Chapter 1

1.1 Eating behavior

Eating behavior is among the most frequent and most important human behaviors,
which occurs in discrete episodes throughout the day. Blundell et al. (1) developed
the satiety cascade over 20 years ago identifying overlapping processes, satiation and
satiety, occurring during and after food intake until the next period of eating. Based
on this satiety cascade, the current thesis also highlights the phase prior to the eating
episode where thoughts and sensory properties of food also exert important influences
on food intake by creating anticipation based on learned associations (2) (see Figure
1.1). Eating behavior starts with a desire to eat resulting from a combination of the
internal state of hunger along with external stimulation. The mere thought of a food
can elicit increased salivation, gastric acid secretion, or insulin release (3-5). Next,
appearance and orthonasally detected odors identify a food’s suitability for ingestion
and further enhance appetite, bodily reactions and (reward) signals to the brain (6-
8). When a food is placed in the mouth, its flavor (the integration of taste, retronasal
olfaction and oral-somatosensation) is perceived during chewing and swallowing
(9). As a food is consumed, its reward value decreases leading to termination of the
meal (10,11). Further food processing and nutrient absorption initiate neural and
hormones responses that are translated in the brain to suppress hunger until the next
eating episode (12,13). These three phases, anticipation, satiation and satiety, can be
thought of as integrated, but separate processes. The research described in this thesis
investigates food cue responses before, during and after food consumption with a focus

on olfactory and gustatory stimuli.

Both the smell of food before or after a meal and the experience of flavor during a meal
may act to regulate appetite, to stimulate or inhibit it. The ability of olfactory cues to
stimulate appetite and meal initiation under conditions of hunger is well established
in humans (7,15). Ramaekers et al. (7) investigated appetite responses to palatable
food odors and found that exposure to food odors increased the appetite for congruent
foods, but decreased the appetite for incongruent foods, to prepare the body for intake
of the cued food. An opposite phenomenon is sensory-specific satiety, the effect of

food intake on subsequent pleasantness and intake of that same food (10,16).
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Figure 1.1 Visual representation of processes occurring before, during and after food consumption.
Changes in the degree of hunger and fullness are represented by the gray value: black is a high degree;
white is a low degree. The duration of influences exerted by each sensory property on eating behavior
is represented by thick lines: solid lines are direct influences; dashed lines are effects of sensory-specific

satiety. The figure is adapted based on (1,14).

As described above, hedonic aspects (also referred to as liking, reward, pleasure, valence
or palatability) of food play an important role in mediating eating behavior. The most
commonly used method to measure palatability of food is subjective ratings of sensory
liking. Indeed, products with a higher liking score are chosen more often than those
with a lower liking score (17). In addition, foods with a higher rating of palatability
appear to make participants more hungry and consume more food subsequently (18).
Nevertheless, several studies have revealed that these ratings may face limitations. It
was found that liking ratings based on brief exposure may give a biased estimation
of the optimal palatability of a food (19-21) and that liking ratings alone may be
insufficient to predict subsequent intake (21-23). It is possible that consumers make
food-related decisions less based on conscious processing and rational reasoning, but
more on unarticulated and unconscious motives and associations (24).Therefore,
explicit (conscious) liking ratings alone may be inadequate to reveal other aspects

influencing liking appraisal as well. Combining implicit (unconscious) aspects with
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explicit measures may thus contribute to a better understanding of appraisal processes

leading up to liking and thus a more complete picture of eating behavior.

Although seemingly simple, sensory liking in fact involves very complex appraisal
processes in which sensory properties of food (e.g. appearance, taste, smell),
physiological (e.g. hunger/satiety, bodily reactions, brain responses) and psychological
factors (e.g. cognition, emotion, reward, motivation, decision making) constantly
interact (see Figure 1.2) (25,26). These changing interactions make palatability also a
dynamic process and influence ultimate behavior about whether, what, where, when,
how much to eat. In contrast, results of traditional hedonic tests are like photographic
stills that fixate the liking of a food at a given moment in its development (28).
Therefore, underestimating the dynamic nature of eating behavior may also be one
of the main causes for an inadequate predictive validity of liking ratings with respect
to eating behavior (27,28). This stresses the necessity to adopt a broader perspective
to explore how food-induced psychological and physiological responses and their

interactions contribute to dynamic liking appraisals.

e.g. cognition, emotion,
reward, motivation,
decision making

Psychological
factors

Sensory liking

Physiological

factors

Intrinsic product
characteristics

e.g. hunger/satiety,
bodily reactions,
brain responses

e.g. appearance,
taste, smell

Figure 1.2 Factors influencing sensory liking (adapted from (26)).
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1.2  Emotional responses

Many studies have postulated bi-directional influences between emotions and eating
behavior (29-31). For example, a person may decide to eat chocolate out of sadness,
and feel happier afterwards (32,33). Investigating emotional responses to food stimuli

may therefore contribute to a better understanding of eating behavior.

1.2.1 Emotion theories

There are several models that have dominated emotion research. Proponents of discrete
emotion theories, inspired by Darwin (34), have suggested different numbers of basic
emotions by observing universal facial expressions of emotion (35-37). Ekman et al.
(38) further reduced the number of these basic emotions to six, joy, sadness, fear,
anger, surprise and disgust, and related each of them to specific physiological response
patterns (39-42). In contrast, dimensional theories of emotions (43,44), mainly based
on Russell’s Circumplex Model of affect (see Figure 1.3), reduce the dimensions
that organize all emotional responses to two orthogonal dimensions: valence (i.e.
pleasantness versus displeasantness) and arousal (i.e. deactivation versus activation).
Dimensional models have been used to relate self-reported pleasantness and arousal
to physiological (45,46) and brain responses (47). Unlike both discrete emotion and
dimensional theories, componential appraisal theories of emotion (48,49) explain
emotion processing from a dynamic perspective. Componential appraisal theories are
based on the notion that emotional processes are elicited and dynamically patterned
as the individual continuously and recursively appraises objects, behaviors, events, and
situations with respect to their effect on his/her values, goals, and general well-being.
Such appraisals involve a few components (48-54): (a) the cognitive system responsible
for appraisal of the situation, (b) the autonomic system in charge of system regulation,
(c) the motor system responsible for communication of reaction and behavioral
intention, (d) the motivational system responsible for preparation and direction of

action, and (e) the monitor system in charge of subjective feeling.

1.2.2 Explicit emotion measurement
Due to the complexity of emotion processing, various methods have been developed
to measure explicit or implicit components of food-induced emotions. Direct, explicit

emotion measurement is the most frequently applied method. Participants are usually
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Figure 1.3 Two dimensions of emotions, valence and arousal, based on Russell’s Circumplex Model

of affect (44).

requested to report their feelings in response to food odors or tastants on the basis
of a standardized emotion lexicon provided by the experimenters. Chrea et al.
(55) developed a scale, called Geneva Emotion and Odor Scale (GEOS), for the
measurement of the emotions elicited by odors. Porcherot et al. (56) and Delplanque
et al. (57) subsequently used GEOS to measure the subjective affective experience
(i.e., feeling) elicited by everyday odors. King & Meiselman (58) have developed the
EsSense Profile, including 39 emotion descriptors (25 pleasant, 3 unpleasant and 11
non-classified) chosen on the basis of a questionnaire of 81 terms, to measure emotions
relevant to tasting and eating food. Desmet & Schifferstein (59) used 22 emotion
descriptors that were equally divided over pleasant and unpleasant ones to measure
emotional experience during food consumption. Both groups suggest that most
emotions related to food appear to be mildly positive. They demonstrated that the
verbal measurement of feelings provided insight into consumer liking and improved

the discrimination between products with similar liking scores (60).
A scale or word list makes people think about the meaning of the words and leads to
rational thought processes, whereas in choice and purchase behavior often irrational

and non-cognitive influences play a major role (60). This is why some researchers
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have adopted non-verbal measurements. Desmet (61) developed the Product Emotion
Measuring instrument (PrEmo), using animated figures expressing different emotions.
The idea was based on the fact that people from different cultures all recognize emotions
in facial and vocal expressions. Six pleasant (desire, satisfaction, pride, hope, joy, and
fascination) and six unpleasant (disgust, dissatisfaction, shame, fear, sadness, and
boredom) are depicted. Each of these is accompanied by a five-point scale. The major
advantage of the method seems to be that it avoids the translation of emotions into
words (60). Gutjar et al. investigated emotions evoked by either unbranded or branded
breakfast drinks using both EsSense Profile and PrEmo (62,63), and concluded that

food-evoked emotions add predictive value to solely liking ratings.

1.2.3 Implicit emotion measurement

Beyond explicit scales, more implicit measures have also been used to assess food-
induced emotions over the past few decades. A more natural and less intervening
method of emotion measurement is the direct reading of emotional facial expressions
(64,65). The link between emotions and facial expressions goes back to Darwin (34)
and its strongest present day advocate is Ekman (66). In their view, facial expressions
are elements of a coordinated response involving multiple response systems. Facial
expressions are thought of as biologically based adaptations crucial for survival. One
function may be to warn others of a potentially harmful substance or to facilitate
ingestion of nutritious foods (67). Well-known are the positive facial expressions of
infants toward liked and the negative expressions toward disliked tastes and odors,
suggesting innate preference of certain food stimuli (68-74). In this way, facial actions
support the two basic reactions to stimuli: approach or avoidance (75). This is probably

the reason why facial expressions are usually interpreted as positive or negative affect

(76).

Facial expressions can be measured and analyzed by the anatomically based system called
Facial Action Coding System (FACS) (77), which describes visually distinguishable
facial activities on the basis of 44 unique reactions (77). Many studies have used
either trained observers (75,78,79) or software (6,80-83) to analyze facial expressions
defined in this coding system and investigate preference of and emotional responses to
food stimuli. Zeinstra et al. (79) investigated whether facial expressions are a suitable

and accurate method to assess food preferences in children. They found that facial
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expressions were able to measure dislike, but less suited to measure various gradients
of food acceptance. De Wijk et al. (6) and Danner et al. (80,84) examined facial
expressions in response to food stimuli in either children or adults with an automated
tool, the FaceReader technology (85). They found that neutral, angry and disgust
facial expressions explained the liking ratings well and may provide more detailed

information than other more explicit tests.

Another way to measure facial expressions is electromyography (EMG) recordings,
where measurements are made of electric potentials from facial muscles. It has been
concluded that facial EMG activity can be used as an indicator of palatability in
humans (86). It has also been shown that the sensibility of facial EMG recordings to
provide support for the sequential feature of the appraisal process (87-89). Delplanque
etal. (50) investigated the appraisal of odor novelty, odor pleasantness and consequent
emotional responses with EMG. They demonstrated that an effect of odor novelty
started as early as 100 ms after odor presentation, whereas the effect of pleasantness
on activity reached significance after 500 ms. However, the sequential unfolding of
appraisal processes investigated by FACS-based measurement still lack of exploration
due to technical challenges. Exploring the dynamic feature of emotional facial

expressions in response to food stimuli in this thesis may thus bridge the knowledge

gap-
1.3  Physiological responses

As a part of the peripheral nervous system, the autonomic nervous system (ANS)
acts as a control system regulating bodily functions, such as the heart rate, digestion,
respiratory rate, pupillary response, urination, and sexual arousal (90). Although
this system is regulated by the Central Nervous System (CNS), it functions largely
unconsciously and in control of approach/avoidance responses (91). Avoidance
behavior is primarily activated in those situations involving threat, with the resulting
behaviors aimed at withdrawal and escape. In contrast, approach behavior is mainly
active in situations that promote survival including sustenance and nurturance, thus
important for maintaining homeostasis (92). Emotions are an essential for appropriate
reactions to specific situations. A situation where one is confronted with spoiled food

can evoke disgust emotions, resulting in avoidance behavior. In contrast, an encounter
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with a delicious food can evoke happiness emotions resulting in approach behavior.
Thus, ANS may act as a supporting system to mediate between emotional responses to

external stimuli and appropriate output behavior.

Despite the large number of studies (93) on ANS responses to emotional stimuli,
it is still debated in how far patterns of autonomic responses are emotion-specific.
Barret (94) has claimed that patterns of ANS responses lack any emotion-specificity,
whereas Cacioppo et al. (95,96) claims to have seen at least some degree of emotion-
specific ANS patterns. They also note that valence-specific patterns tend to be more
consistent than emotion-specific patterns (6,42). In contrast, Stemmler (97), based on
a meta-analysis, has found considerable specificity between ANS patterns related to
fear and anger. Moreover, Stemmler (97) states that emotions have distinct goals and
therefore require differentiated autonomic activity from body protection and behavior

preparation.

Measures of ANS activity can be separated in cardiovascular, respiratory and
electrodermal measures. An extensive review of 134 studies by Kreibig (93) revealed
the most popular measures based on these three types are heart rate, blood pressure,
finger temperature, respiratory rate and skin conductance level. Patterns of such ANS
responses linking to specific emotions are represented as an increase, a decrease, or
no change compared to baseline of that measure in relation to a specific emotion,
such as fear, sadness, anger, disgust, and happiness. Furthermore, ANS specificity is
also observed between negative emotions, for example, reduced finger temperature,
increased heart rate and skin conductance for the emotion of anger, whereas reduced
heart rate, finger temperature and skin conductance for the emotion of sadness (42).
In this thesis, these three ANS responses, heart rate, skin conductance and finger

temperature, were chosen to produce such patterns for food-induced emotions.

The dynamic features over time of physiological responses have typically fallen outside
of the scope of most studies, even though they play a crucial role in componential
appraisal theories of emotions (49). Delplanque and colleagues (50) found evidence
for temporal priority of stimulus novelty processing over pleasantness processing on
cardiac activity in response to odors. Their results showed that novelty processing

was observed about 2 to 4 s after stimulus onset, whereas pleasantness processing was
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observed only 5 s after odor presentation. Further investigation with various ANS
measures (heart rate, skin conductance and finger temperature) in this thesis may add

more information to dynamic affective responses.
1.4 Aim and thesis outline

Traditional liking ratings are typically seen as an important determinant in eating

behavior. However, to better understand eating behavior, it is necessary to explore

dynamic and implicit features underlying liking appraisal. The aim of this thesis was

to investigate the effects of food stimuli varying in sensory modality (smell and taste),

pleasantness and intensity, on emotional and physiological responses leading up to

liking appraisal. In this thesis the following research questions are addressed:

* Can emotional and physiological responses differentiate between (and within)
liked and disliked food stimuli?

e If and how are emotional and physiological responses related to liking appraisal
of food stimuli?

* Do emotional and physiological responses reflect dynamic unfolding of liking

appraisal of food stimuli?

To tackle these questions, the chapters of this thesis were built up based on increasing
complexity of food stimuli, starting with simple and basic odorous stimuli to more
complex tastants, and ending with more dynamic real-life eating foods. We first
investigated emotional and physiological responses to pleasant or unpleasant food
odors varying in intensity (chapter 2 & 3). We explored relations either between
emotional facial expressions and non-verbal emotional ratings (chapter 2), as well
as between emotional facial expressions and physiological responses (chapter 3).
Then we used food odors with a wider range of valence (chapter 4) to determine
how explicit and implicit methods contribute to pleasantness appraisal. Next, we
focused on emotional and physiological responses elicited by actual consumption of
food, single sips of equally liked breakfast drinks (chapter 5). In the last study, we
investigated changes in pleasantness upon consuming semi-liquid meals to satiety by
facial expressions and physiological responses (chapter 6). Finally, the main findings

are discussed and directions for future research are presented (chapter 7).
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Abstract

Traditional sensory and hedonic tests are often limited to predict market performance.
Investigating emotional responses to food stimuli may contribute to a better
understanding of consumers’ eating behavior. In the present study, 26 female
participants were exposed to an orange (pleasant) and a fish (unpleasant) odor presented
in three different concentrations perceived as weak, medium and strong intensity in
a semi-random order via an olfactometer. Emotional responses to those food odors
were measured discretely using non-verbal subjective reports, and continuously using
facial expressions. Non-verbal reports reflected primarily the odors valence with
positive emotions, such as joy, satisfaction and hope, related to orange and negative
emotions, such as dissatisfaction, fear and disgust, related to fish. Facial expressions
varied dynamically over the 4 seconds following stimulation, whereby expressions at
1250 and 2000 ms associated best with odor valence and odor intensity, respectively.
The correlation between non-verbal subjective reports and facial expressions reached
a maximum during the 2" second after exposure. Pleasant odors were associated with
neutral and surprised expressions, and with fewer expressions of disgust. More intense
odors were associated with fewer neutral expressions and more expressions of disgust.
Facial expressions reflect the dynamic sequential unfolding of different emotional
responses, whereas non-verbal reports primarily reflect the end result of valence
appraisal. The distinction between initial and subsequent reactions detected by facial

expressions may offer a new valuable perspective for sensory and consumer research.
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The relation between continuous and discrete emotional responses
to food odors with facial expressions and non-verbal reports

2.1 Introduction

The high failure rate of new food products in the market, even after extensive sensory
and consumer tests, shows the limits of traditional sensory profiling and hedonic scales
(26). There appears to be more to eating behavior than just sensory liking (98). Other
factors that also underlie and influence eating behavior include external context, such
as environmental (ambience or food varieties) (99,100) and social factors (the presence
of others) (101,102), as well as internal conditions, such as nutritional state (satiation
or thirst) (103) and mood (e.g. sadness or happiness) (104,105). Moreover, a number
of studies have postulated a bidirectional effect between emotions and eating behavior
(see (30,31) for reviews) : emotions may alter the foods that people choose, and the
foods that people eat influences their emotions. For example, a person may decide to
eat ice-cream to relieve sadness and feel happier afterwards. Investigating emotional
responses to food stimuli may therefore contribute to a better understanding of

consumer behavior.

The effect of eating behavior on emotions has been investigated with a wide variety
of methods. Basically, we can distinguish between different types of measurements to
assess emotions, i.e. verbal explicit tests such as the EsSense Profile (58), non-verbal
explicit tests, e.g. PrEmo (61), and implicit measurements such as facial expressions (77)
and physiological measures (93). Wansink (24) suggested that most of the choices that
people make related to eating behavior are unarticulated and unconscious. Therefore,
in the present study we focus on measuring subjective and expressional components

of emotions, using non-verbal reports (PrEmo) and facial expressions (FaceReader).

Product Emotion Measurement Instrument (PrEmo, (61)) is a visual self-report tool
based on expressive cartoon animations representing separate emotional states instead
of relying on verbalizations or a list of emotion words. PrEmo has been applied to
measure non-verbal subjective emotional responses to product design, such as cars
(106), mobile telephones (107), wheelchairs (108) and office chairs (109,110). Only
recently, Gutjar et al. (62) adopted PrEmo to measure non-verbal subjective emotions
induced by food products, i.e. breakfast drinks. They found that liking was only
partly associated with the non-verbal subjective emotional responses to food products,
suggesting that food-evoked emotional profiles can provide new information not

captured by liking scores.

21




Chapter 2

Facial expressions, partially beyond an individual’s control, have also been used to
implicitly measure expressive emotional responses to food stimuli. Well-known are
the positive facial expressions of newborns towards liked (sweet) and the negative
expressions towards disliked (bitter) basic tastes, extensively documented by Steiner
(71,74). More recently, the Facial Action Coding System (FACS) developed by Ekman
and Friesen (77) was used to investigate whether facial expressions are a suitable and
accurate method to assess food preferences in school-aged children (79). They found
that facial expressions were able to measure dislike, but not suited to measure various
gradients of food acceptance in children aged 5-13 years. As a new development,
de Wijk et al. (6) analyzed facial expressions to the sight, smell, and taste of liked
and disliked foods and to well-liked breakfast drinks (81) with an automatic tool,
FaceReader (111). Facial expressions were found to be stronger to disliked foods than

to liked foods and were already detected at the first visual encounter with the food.

Although the abovementioned studies shed light on emotional processes, they
do not account for dynamic features of emotion, which play an important role in
current appraisal theories of emotions (see (49) for an overview). According to these
theories, emotions are the result of unfolding appraisals over time of the consumption
situation. These appraisals produce cognitive, expressive, physiological, motivational
and subjective changes over time in the consumer, which can be monitored with
time-dependent measures, such as autonomic nervous system responses and facial
expressions. For example, Delplanque et al. (50) investigated the effects of odors on
appraisal processes and consequent emotional responses by measuring facial muscle
activity and heart rate. They demonstrated that odors were detected as novel or familiar
before being evaluated as pleasant or unpleasant. In addition, their results also argued
in favor of a dynamic construction of facial expressions. The early reactions, such as
raising the eyebrows and opening the eyes, were related to the detection of a novel or
unexpected stimulus, which is associated with increased alertness and attention. After
this novelty detection, assessment of pleasantness may lead to avoidance when the
stimulus is aversive or threatening, or approach when a pleasant response is activated.
Following this sequential appraisal perspective (49), the present study sought to extend
the temporal dynamics of emotional facial expressions to pleasant and unpleasant food
odors using FaceReader. Food odors were chosen as appropriate stimuli in this study.

First, olfactory stimuli are well known for their capacity to elicit emotional responses.
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The relation between continuous and discrete emotional responses
to food odors with facial expressions and non-verbal reports

Olfaction has been described as the “emotional sense” (112), since it not only elicits
emotions (113,114), but can also modulate emotions (115,116). Second, odorants
allow for systematic variation of stimulus’ valence and intensity, two dimensions known
for their ability to affect emotions. Third, as food cues, odors can have considerable
effects on eating behavior via appetite (7,117), satiety (16) and evoking memories

related to food previously consumed (118).

In a separate paper, we established the temporal differentiation between pleasant and
unpleasant emotions for these food odors using measures of the autonomic nervous
system (heart rate frequency, skin conductance response and skin temperature) as
well as facial expressions (82). Facial expressions such as expressions of disgust and
anger showed fast differentiation between odors in as little as 200-500 msec, whereas
other expressions such as happy showed much slower differentiation. These different
dynamics may reflect the results of various sequential appraisals, as was also suggested

by Delplanque’s findings (50).

The present study will focus on the temporal development of facial expressions and
their relation with odor intensity, pleasantness, and with discretely measured emotional
responses using PrEmo. The emotional profile assessed with PrEmo may result from
the integration of preceding response patterns, as reflected by facial expressions (51).
Following this reasoning we hypothesize that over time, dynamic emotional responses
reflected by facial expressions will correlate more with the end product of the emotional

response, as reflected by PrEmo.
2.2 Materials and methods

2.2.1 Participants

A total of 26 young healthy female participants (mean age: 22.6 + 1.5 years, range: 20-
25 years, 18.5 < BMI < 25) were recruited from the subject pool of Food & Biobased
Research, part of Wageningen University and Research Center. Participants self-
reported their BMI and if they had actual/previous history of smell or taste disorders
known to affect chemosensory. Detailed information regarding the experiment was
given and an informed consent form was signed by all participants prior to testing. The

study was approved by the Medical Ethical Committee of the Wageningen University.
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2.2.2 Odor presentation

Two food odors were selected from among those used in a previous study (119) on
the basis of their relatively negative (fish odor) or positive (orange odor) valence. The
orange (cold-pressed Californian orange oil, Sigma Aldrich, St. Louis, MO, USA)
and fish (Fish flavor oil, Givaudan Inc., Geneva, Switzerland) odors were diluted with
mineral oil (70%, v/v) and 1,2-propanediol (27%, v/v), respectively. With a dynamic
olfactometer based on air-dilution (OM2s, Burghart instruments, Wedel, Germany),
each odor was delivered in three different concentrations (low, middle, or high),
correspondingly perceived as weak, medium and strong intensity in a pilot study. The
degree of dilution for each concentration is shown in Table 2.1. The olfactometer
allows the presentation of odorous stimuli within a continuous airstream of 8 L/
min, which does not alter the mechanical or thermal conditions at the nasal mucosa
(120). These stimuli were delivered through a nosepiece for 1 s with an inter stimulus
interval of 60 s. Each block of 6 stimuli (i.e. 3 orange odors and 3 fish odors differing
in concentration) was randomized and presented 5 times, for a total of 30 stimuli.
Intensity and pleasantness of those odors were subsequently rated by participants
after presentation (see Table 2.1). Orange odors were rated more pleasant than fish
odors (F(1, 25) = 99.86, p < 0.001) by the participants. The difference between
concentrations of orange odor reached significance (F(1, 25) = 11.68, p < 0.001),
with low concentration judged more pleasant than middle and high concentrations,
whereas different concentrations of fish odor were rated equally unpleasant. Fish odors
were rated more intense than orange odors (F(1, 25) = 17.27, p < 0.001) and odor
intensity increased with concentration (F(2, 50) = 47.15, p < 0.001).

2.2.3 Measurements

A visual analog scale (VAS) of 10 cm was used to rate pleasantness and intensity
after each odor presentation, ranging from ‘not perceivable’ (left-hand end = 0 cm)
to ‘extremely strong’ (right-hand end = 10 cm), or from ‘very unpleasant’ (left) to

‘neutral’ (middle of the scale = 5 cm) to ‘very pleasant’ (right).

Product Emotion Measurement Instrument (PrEmo) is an instrument developed by
Desmet et al. (61) that measures 12 emotions in response to a stimulus. Participants
have to rate on animations expressing an emotion, on a 5-point scale, to indicate to

what extent their feeling elicited by the stimulus was expressed by certain animations.
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Table 2.1 Average ratings (0-10, with standard deviation) of fish and orange odors diluted to
different concentrations

Air-diluted Intensity Pleasantness
Odor Concentration o

to (%) Mean SD Mean SD
Low 10 6.2 1.9 1.5 1.3

Fish .
(27% viv) Middle 25 6.7 1.6 1.5 1.3
High 50 7.1 1.7 1.3 1.1
Low 50 4.8 1.7 6.4 1.1

Orange .
Middl 80 6.0 1. .6 1.6

(70% v/v) rade 7 °

High 100 6.6 1.7 5.4 1.3

Ratings were made on a visual analog scale of 10 cm length. For intensity, 0 indicates ‘not perceivable’ and
10 indicates ‘extremely strong’; For pleasantness, 0 indicates ‘very unpleasant, 5 indicates ‘neutral’, and

10 indicates ‘very pleasant’.

Of these 12 emotions, six are pleasant (i.e. desire, satisfaction, pride, hope, joy, and
fascination), and six are unpleasant (i.e. disgust, dissatisfaction, shame, fear, sadness,

and boredom).

Facial expressions of participants were filmed with a Logitech C600 webcam, mounted
on top of a computer monitor placed in front of the participant. Facial expression
data were automatically analyzed by FaceReader 4 (Noldus Information Technology,
Wageningen, The Netherlands) based on Active Appearance Modeling (111) in each
time frame (at a frequency of 25 Hz) during 4 seconds after stimulus presentation.
The face classification provides the output of six basic expressions (happy, sad, angty,
surprised, scared, disgusted) and one neutral state with 89% accuracy (111) on the
basis of the Facial Action Coding System developed by Ekman and Friesen (77). A
more detailed description of the science behind FaceReader can be found at: hetp://
info.noldus.com/free-white-paper-on-facereader-methodology/. Whether all possible
emotional expressions can be categorized by these six emotions remains a matter of
debate (e.g. (53)). For the present study, the fact that FaceReader is able to automatically
monitor (changes in) expressions was more important than the exact interpretation of
these expressions in underlying emotions. In a very recent development FaceReader
also monitors specific action units as defined by Ekman, which would allow the
opportunity to monitor more than 6 emotions. Unfortunately this addition was yet

not available during the present study.
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2.2.4 Experimental procedure

The experimenter explained procedures and equipment to the participant and allowed
ample time for questions. Then participants were seated in a comfortable chair, fitted
with the olfactometer nosepiece, and oriented towards an adjustable computer monitor
set with a webcam at eye-level (1 m viewing distance). They were asked to look directly
towards the camera while receiving the odor stimulus to ensure recognition by the
FaceReader software. Each trial started with an auditory attention signal to remind
the participant to pay attention to the upcoming odor. For the first four blocks of
stimuli, the pleasantness and intensity of each odor were rated subsequently on a paper
questionnaire (i.e. VAS) after stimulation. For the last block of 6 stimuli, participants
rated PrEmo animations with an introduction and example at the beginning, instead
of rating pleasantness and intensity. The intervals between two odors stimuli in the last
block were flexible, meaning that they were dependent on the pace of PrEmo ratings
by the participants. The whole experiment lasted 45 min in total and the experimental
schematic is shown in the Figure 2.1. Activity of the autonomic nervous system was

recorded as well but these results will be reported elsewhere.

ISI (indicated

odor stlmulus ISI ( 605) example by partlapants
|
\
FaceReader PrEmo

pleasantness & intensity scales

Figure 2.1 Schematic of experimental procedures. Each block of 6 randomized stimuli (i.e. 3 orange
odors and 3 fish odors differing in concentration) was presented 5 times, for a total of 30 stimuli. For the
first 4 blocks, each odor stimulus lasted for 1 s with an inter stimulus interval (ISI) of 60 s. Participants
rated pleasantness and intensity after each stimulus with their facial expressions monitored simultaneously.
For the last block, PrEmo was adopted with a flexible interval indicated by participants between odor
presentations.
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2.2.5 Statistical analysis

We conducted a repeated measures ANOVA (IBM SPSS Statistics 19.0, IBM
Corporation, Armonk, USA) for the 2 (odors) by 3 (concentrations) within-subject
design to analyse intensity, pleasantness and PrEmo ratings using the Greenhouse-
Geisser correction for multiple factorial levels. A similar ANOVA was conducted for
FaceReader scores with time as extra factor. FaceReader scores were calculated as post-
odor change scores (40-ms bins), relative to a pre-odor baseline score, which was the
average score 120 ms immediately before odor presentation. A p-value of 0.05 was
considered significant. Partial Least Square analysis (Unscrambler, CAMO ASA, Oslo,
Norway) was used to evaluate associations between FaceReader scores for 4 s after
stimulation in 250 ms intervals with pleasantness or intensity ratings of the odors
using normalized variables and random cross-validation. Correlation coefficients
between observed and predicted values were used as indicator for the strength of
associations, and regression coeflicients were used to quantify the contribution of
each facial expression to these associations. To summarize the data collected by PrEmo
and FaceReader, we used the principal component analysis (PCA) in the program
Unscrambler (CAMO ASA, Oslo, Norway) using non-normalized variables, centered
data, and orthogonal principle components. The distances between the emotions, either
measured using facial expressions or non-verbal reports, reflect their relationships,
meaning that emotions that are plotted close to each other are similar, whereas those
which are plotted at a distance from each other are different. PCA bi-plots were used
to explore overlap and differences between PrEmo results and FaceReader scores at
various intervals following the odor presentation. For this purpose, we correlated
loadings of the odors on the principle components based on the PrEmo results to those
based on the FaceReader scores at 1-second intervals. Correspondence between PrEmo
results and FaceReader scores at specific time intervals should result in relatively high

correlation coeflicients between odor loadings.
2.3 Results

2.3.1 Non-verbal reports of emotions
By examining participants’ subjective emotional responses to odor stimulation, a clear
distinction between orange and fish odor was found. Orange odor was more associated

with positive emotions, while fish was more associated with negative emotions (see
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Figure 2.2). Overall analyses showed significant main effects on PrEmo scores of type
of emotion (F(4, 99) = 21.9, p < 0.001) and concentration (F(2, 38) = 4.1, p = 0.03,
and significant interactions between type of emotion and odor valence (F(2, 57) =
42.8, p < 0.001), and between type of emotion and concentration (F(7, 185) = 2.6, p
= 0.01). Analysis per type of emotion showed that all emotions except boredom varied
significantly with odor valence (all p < 0.006). In addition, emotions of disgust (F(2,
38)) = 5.6, p < 0.01), dissatisfaction (F(2, 38) = 5.80, p < 0.01) and fear (F(2, 38) =
8.3, p < 0.001) also varied with odor concentration. Post-hoc testing showed that the
low concentration of orange odor for those three emotions was judged significantly
lower than the medium and high concentrations (all p < 0.01), whereas the difference
between three concentrations of fish odor for those three emotions did not reach
significance. The statistical analysis also revealed an interaction between odor and
concentration for emotion of fear (F(1, 36) = 3.34, p < 0.05): fear increased from low
to high concentration for orange odor, while no difference was found between fear

scores for the three concentrations of fish odor.

2.3.2 Facial expressions

Facial expressions evolved at different rates over time. Some facial expressions such as
disgust (Figure 2.3A) and sad (Figure 2.3B) reached their maximum intensity relatively
early (roughly between 1000 and 1500 ms after stimulation), and others such as angry,
sad and happy (Figure 2.3A) reached their maximum relatively late (roughly between
3000 and 3500 ms after stimulation). In general, fish odor caused more intense facial
expressions than orange odor, irrespective whether they refer to positive (e.g., happy,

surprised) or negative (e.g., disgust, sad) emotions (see Figure 2.3A and 2.3B).

In addition, facial expressions to fish and orange odors differed significantly as indicated
by main effects of odor valence for angry (F(1, 25) = 7.2, p = 0.01), disgust (F(1, 25) =
11.1, p < 0.01), neutral (F(1, 25) = 15.4, p < 0.001), scared (F(1, 25) = 4.6, p < 0.05)
and surprise (F(1, 25) = 4.1, p < 0.05) and by interactions between odor valence and
time for angry (F(2, 50) = 4.0, p < 0.05), disgust (F(2, 55) = 3.6, p < 0.05 and neutral
(F(3, 83) = 5.4, p < 0.001). Moreover, expressions intensified at higher concentrations
resulting in weaker neutral expressions (F(2, 47) = 3.25, p < 0.05, see Figure 2.4) and
stronger scared expressions (F(2, 50)=3.51, p < 0.05).
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Pride***

Sadness***

Dissatisfaction*™** Fascination*** Orange Low

===== Orange Middle
— . = Orange High
Disgust™* Joy*™*
Fish Low
= — Fish Middle
Fear*** Satisfaction*™**

= . Fish High

KK

Boredom

Figure 2.2 Average PrEmo scores (0 - 4) for all emotions for the two odors in three concentrations.
The * indicates that certain emotions induced by fish and orange odors are significantly different (*: p <
0.05; **: p < 0.01; ***: p < 0.001).
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Figure 2.3 Sequential unfolding of seven emotional facial expressions over time (every 40 ms over 4
s) in response to both odors. (A) Responses to fish odor (averaged across all 3 concentrations and 4
replications); (B) Responses to orange odor (averaged across all 3 concentrations and 4 replications).
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Neutral facial expression (0-1)
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Figure 2.4 Sequential unfolding of neutral facial expression over time (every 40 ms over 4 s) in

response to the different odors and concentrations (averaged across 4 replications).

1.0 -

(A) (B)

Regression coefficient

250

1.0 -
=z
z 0.9
Q
30.8
2 0
;) 7
T 0.6
8
-a'é 0.5
& 0.4
g
3 0.3
S 02 4
3
g 0.1 -
.2
= 0.0
= =)
3
O

500 -

T T T T T T T T T T T T T 1
[l oleololoNoNo oo o oo o o)
NOoONoOUNoONoOWNoONoONO
NSAARNSARNS AN D
e A QAN NS 6 BT
Time after stimulation (ms) Time after stimulation (ms)
Pl Neutral ceeeeeee Happy
easantness
----- Sad — = = Angry

= .+ Intensity

— Surprised == == Scared

- = Disgusted

Figure 2.5 (A) Partial Least Square analysis correlating facial expressions with pleasantness and

intensity across all odors; (B) Regression coefficients between pleasantness and each facial expression

across all odors.
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Partial Least Square analysis related FaceReader scores over time with pleasantness
ratings. Figure 2.5A shows that pleasantness ratings were best predicted from 1250 ms
onwards after stimulation reflected by the correlation coefficients between predicted
and actual ratings (r = 0.84, n = 24) that became asymptotic after 1250 ms. Pleasantness
ratings at 1250 ms were positively associated with neutral (regression coefhicient =
+0.60) and surprised (regression coefficient = +0.44) FaceReader scores and negatively
associated with disgusted (regression coeflicient = -0.51, Figure 2.5B) FacerReader
scores. Intensity ratings were best predicted (r = 0.79, n = 24) around approximately
2000 ms.

2.3.3 Comparison between non-verbal reports of emotions and facial
expressions

The PCA bi-plot (see Figure 2.6A) of the PrEmo results shows two main dimensions.
The first dimension, which explains 99% of the response variance primarily reflects
valence with the pleasant orange odors on the left, together with non-verbally reported
positive emotions such as fascination and joy, and the unpleasant fish odors on the
right, together with non-verbally reported negative emotions such as disgust and
dissatisfaction. In addition, the second dimension explains only 1% of the variance. To
verify the overlap between non-verbally reported emotions and the facial expressions at
various times, we compared the odor loadings (as shown in Figure 2.6A) with the odor
loadings based on facial expressions for 1-4 seconds following the odor presentation
using the PC1 odor loadings. The correlation coeflicient between the PC1 odor
loadings based on non-verbally reported emotions and on the facial expressions during
the first second equaled 0.65 and reached a maximum of 0.97 during the second
sec, after which it remained relatively constant. The PCA bi-plot of facial expressions
during the second sec shown in Figure 2.6B shows a similar distribution of the odors
along PC1 as found for the non-verbally reported emotions with neutral, surprised
and happy expressions associated with the pleasant orange odor and with disgusted

and angry expressions associated with the unpleasant fish odor.
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Figure 2.6 (A) PCA bi-plot of PrEmo scores and pleasant (Orange) and unpleasant (Fish) odors
presented in low (L), medium (M) and high (H) intensities; (B) PCA bi-plot of FaceReader (FR)
scores between 1 and 2 seconds after presentation of pleasant (Orange) and unpleasant (Fish) odors
presented in low (L), middle (M) and high (H) concentrations.

2.4 Discussion

Emotional responses to a pleasant and an unpleasant food odor presented in varying

concentrations were assessed continuously using facial expressions, and discretely using

non-verbally reported emotions.

The results demonstrated that individual facial expressions develop at specific rates over
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time resulting in continuously changing profiles of emotional expressions. Different
profiles seem to associate to different aspects of the odors: From 1250 ms onwards after
the onset of the odor the profile relates most strongly to the rated pleasantness scores of
the odors, and around 2000 ms the profile relates most strongly to the rated intensity
scores. Possibly, profiles at other times relate more strongly to other aspects of the odor
such as novelty - or to the appraisal of these aspects by the perceiver - which would
be congruent with the component appraisal model that predicts different appraisal
stages resulting in different emotions (48). A direct test of this model with the present
results is not possible because a key appraisal in this model, novelty, was not assessed in
the present study. Intensity was assessed instead, and the results suggest that intensity
and pleasantness were associated to facial expressions at different intervals, which is
consistent with the component appraisal model. Studies by others suggest that novelty
is appraised immediately after stimulation during which the stimulus is evaluated in
terms of unpredictability and unfamiliarity, aspects of stimuli that may signal danger
to the perceiver (121). In the present study expression profiles during the initial stages
of odor stimulation were dominated by expressions of surprised and scared emotions,
suggesting that the initial stages of processing of our familiar odor stimuli also involved
the appraisal of novelty and predictability. Future studies should include pleasantness
ratings as well as familiarity ratings or more unfamiliar stimuli to verify the sequential

appraisal of emotions.

Understandably, results based on two selected odors with opposing valences are too
limited to warrant conclusions regarding odor valence in general, but some interesting
observations can still be made. Facial expressions in response to orange and fish odor
dynamically vary in a different way. Disgust and scared expressions in response to fish
odor reach maximum values faster than other expressions, such as happy, whereas
scared and sad expressions in response to orange odor reach maximum values faster,
followed by happy and disgust expressions. In addition, fish odors also elicited larger
variations in facial expressions than orange odor, an issue also addressed by Weiland et
al. (122). This may be explained from an evolutionary perspective. Unpleasant stimuli
typically signal danger. Thus, greater facial reactions to unpleasant odors versus pleasant
odors may serve as an important social role to communicate the negative emotion to
others in the group (34,79,123). However, future studies could explore a plethora of

odors with a wider range of valence, in order to generalize these conclusions.
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Facial expressions are in general congruent with odor valence, with neutral and
surprised expressions associated with positive valence, and disgusted, scared, and angry
expressions associated with negative valence. The exception, however, is expression
of happiness which is actually associated with negative expressions after 3 seconds.
The reason for this unexpected finding is unclear. Possibly, the happy expressions in
our study served multiple purposes; the ‘early’ happy response may reflect the valence
of the odor, whereas the ‘late’ happy response may serve a communicative purpose
towards the other people present during the study (124) for example in an attempt
to counteract the negative expressions displayed earlier. This supports the findings of
Danner et al. (80) and Zeinstra et al. (79) that happy expression cannot discriminate
liked or disliked foods implicitly. Moreover, FaceReader’s identification of facial
expressions may not always be perfect, as indicated in the method section, and certain
expressions may be incorrectly interpreted as happy. Finally, the number of possible
facial expressions in response to our stimuli may exceed the six expressions identified

by FaceReader, which could result in incorrect identification of some facial expressions.

The results showed that PrEmo responses reflected primarily the odor’s valence with
non-verbally reported positive emotions related to the pleasant orange odor and
negative emotions related to the unpleasant fish odor. Facial expressions were also
strongly associated with odor valence but, depending on their timing, also with odor
intensity. In addition, facial expressions varied dynamically over seconds following
odor presentation and reflected the sequential unfolding of emotions. The facial
expressions give a more dynamic and richer picture about the response to the odors

than the single pleasantness rating.

PrEmo successfully distinguishes between liked and disliked concentrations and
between liked and disliked food odors, e.g. joy, satisfaction and hope were associated
with orange odor, and dissatisfaction, fear, disgust with fish odor. This correspondence
between non-verbally reported emotions and rated pleasantness suggest that both
measures reflect similar cognitive evaluations or appraisals. The only exception is the
non-verbally reported emotion of boredom, which is unrelated to pleasantness. This
supports the suggestion of (62) that PrEmo can provide extra information beyond
liking for specific food products. In particular, the emotion of boredom might be
relevant when assessing repeated exposure, an important feature in consumer and

eating behavior.
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Even though a direct comparison of FaceReader and PrEmo results is difficult because
the methods assess a limited number of emotional responses that are only partly
overlapping, some conclusions can still be drawn. The strong (r = 0.97) correlations
between the PCA odor space based on PrEmo and the facial expressions after 1-2
seconds demonstrate that at this time, emotional responses from both measures are
primarily organized according to the odors’ valence. The fact that implicit facial
expressions during these stages correspond well to the subsequent odor pleasantness
and PrEmo ratings suggests that they reflect the pleasantness appraisal process that
ultimately produces the obtained pleasantness ratings and non-verbally reported

emotions.

The corresponding results of facial expressions and PrEmo during the later stages of
processing may question the added value of facial expressions. Facial expressions are
technically challenging to score, even with an automated system as used in this study,
whereas explicit responses are relatively easy to capture, for example with the PrEmo
tool (125). However, PrEmo has to be rated subsequently after each stimulus, whereas
FaceReader can monitor facial expressions simultaneously without extra effort put in
by participants. Therefore, prolonged experiments and repeated rating procedures due
to PrEmo may trigger negative emotions like boredom. Therefore, in the present study,
we chose to have participants rate PrEmo for only one block, whereas facial expressions
were measured for 4 blocks of stimuli. Moreover, primary emotional responses when
a stimulus is first encountered may determine approach or avoidance behavior, i.e.
whether a product on the supermarket shelf is further inspected or ignored. These
initial reactions may be based on the novelty of the product. As currently shown,
facial expressions may prove to be valuable to detect these initial reactions despite the

technical challenges.

Most studies on facial expressions investigate frequency of visible facial muscle
movement (122) or average intensity of facial expressions across a certain time period
(80). The findings of our study draw particular importance of choosing certain
time period to increase accuracy of analyzing emotional facial expressions. Future
research should clarify the role of initial reactions in eating behavior, especially for
those expressions that may change immediately after a food cue is presented, such as

surprised or scared expressions. Moreover, measurements of the autonomic nervous
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system (ANS) which monitor physiological responses simultaneously can perhaps
create a more complete picture on the dynamic of emotional responses. ANS patterns
during the various phases following stimulus presentation may be associated to specific
emotional states, such as the stages in which relevance and pleasantness of the stimuli

are appraised (126).

In conclusion, non-verbally self-reported emotions are relatively uni-dimensional
reflecting primarily the odor’s valence whereas facial expressions reflect not only the
odor’s valence but also other aspects such as its intensity. In addition, facial expressions
provide support for the sequential appraisal of emotions. This study offers a new
perspective on the distinction between initial and subsequent reactions to food
products for consumer research. Future studies will have to relate each of the reactions

to specific consumer behaviors, such as purchasing behavior.
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Abstract

Why we like or dislike certain products may be better captured by physiological and
behavioral measures of the autonomic nervous system than by conscious or classical
sensory tests. Responses to pleasant and unpleasant food odors presented in varying
concentrations were assessed continuously using facial expressions and responses of the
autonomic nervous system (ANS). Results of 26 young and healthy female participants
showed that the unpleasant fish odor triggered higher heart rates and skin conductance
responses, lower skin temperature, fewer neutral facial expressions and more disgusted
and angry expressions (p < 0.05). Neutral facial expressions differentiated between
odors within 100 ms, after the start of the odor presentation followed by expressions of
disgust (180 ms), anger (500 ms), surprised (580 ms), sadness (820 ms), scared (1020
ms), and happy (1780 ms) (all p values < 0.05). Heart rate differentiated between
odors after 400 ms, whereas skin conductance responses differentiated between odors
after 3920 ms. At shorter intervals (between 520 and 1000 ms and between 2690
and 3880 ms) skin temperature for fish was higher than that for orange, but became
considerable lower after 5440 ms. This temporal unfolding of emotions in reactions to
odors, as seen in facial expressions and physiological measurements supports sequential

appraisal theories.
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3.1 Introduction

Up to 80% of all new food products fail in the marketplace, despite the fact that they are
typically subjected to a large number of sensory and consumer tests before their market
introduction (127). This suggests that the ‘standard’ sensory and consumer tests, which
typically include sensory analytical profiling and liking tests, have a low predictive
validity with respect to general product performance. Possibly, consumer food choice
outside the laboratory may be less based on cognitive information processing and
rational reasoning, and more on unarticulated/unconscious motives and associations
(24). Reasons for likes or dislikes of specific foods are typically difficult to articulate
but may determine much of our food choice. Unarticulated/unconscious motives and
associations are not very well captured by traditional tests based on conscious cognitive
processes, and may be better captured by physiological and behavioral measures (e.g.
facial expressions) of the autonomic nervous system (ANS) which do not require

conscious processes (128).

Physiological measures have been used extensively to capture responses of the autonomic
nervous system (ANS) to various types of stimuli such as film clips, personalized recall
of specific situations, and odors. In a previous study, Alaoui-Ismaili et al. (41) related
various autonomic parameters to the pleasantness of five odorants, and found that
unpleasant odors were associated with increased heart rate and longer skin conductance
responses compared to pleasant odors. Bensafi et al. (45) related ANS measures to rated
pleasantness, arousal, intensity and familiarity for a set of six odorants and found that
their results could be explained by two main factors: pleasantness, inversely related to
heart rate (similar to (39)) and arousal, positively related to skin conductance and rated
intensity. Delplanque et al. (50) found stronger skin conductance responses and higher
heart rate for unpleasant compared to pleasant odors. They also established that heart
rate differences between pleasant and unpleasant odors occurred relatively late in the
deceleration phase, approximately 5 to 8 seconds after odor presentation. Considerable
faster odor-specific responses were found for facial expressions; facial muscle activity
associated with positive and negative facial expressions showed different activities for

pleasant and unpleasant odors as soon as 400-500 ms after odor presentation (50).
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Facial expressions have also been used extensively by others to measure emotional
responses to food-related stimuli. Well-known are the positive facial expressions of
new-borns towards liked (sweet) and the negative expressions towards disliked (bitter)
basic tastes, extensively documented by Steiner (71,74). More recently, an automated
tool, FaceReader, has been developed and used to analyze more diverse, universal facial
expressions. Using different food stimuli, it was found that happy expressions were
not systematically related to liking scores, in contrast to neutral, angry, and disgusted
expressions (80), and that stronger facial expressions to disliked foods compared to

liked foods were already detected at the first visual encounter with the food (6).

The dynamic features over time of physiological responses and facial expressions have
typical been outside the scope of most studies, even though they play a key role in
several modern theories on emotion, the so-called componential appraisal models (see
(49) for an overview). The models assume that the elicitation and the differentiation of
emotions are determined by appraisals, the continuous, recursive evaluations of events,
Delplanque et al. (50) investigated the appraisal of odor novelty and pleasantness
and consequent emotional responses by measuring facial muscle activity and heart
rate. They demonstrated that odors were detected as novel or familiar before being
evaluated as pleasant or unpleasant (129,130). In addition, their results also argued in
favor of a dynamic construction of facial expressions providing support for sequential
appraisal theories (49). For example, early reactions, such as raising the eyebrows and
opening the eyes, were related to the detection of a novel or unexpected stimulus,
which is associated with increased alertness and attention. After this novelty detection,
assessment of pleasantness may lead to avoidance when the stimulus is aversive or

threatening, or approach when a pleasant response is activated.

The present study will expand on previous studies by using (food) odors delivered by
an olfactometer, offering a high degree of control over timing and concentrations,
and by incorporating additional ANS measures (skin temperature) and other types of
facial expressions. Similar to Delplanque et al. (50) the present study will also focus
on the temporal development of each measure instead of the more commonly used
time-averaged means (e.g. (6,80)). Physiological responses and facial expressions
will be measured continuously and analyses will be based on time-averaged means

(similar to most of the previous studies) as well as on their temporal development.
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It is hypothesized that the results based on time-averaged means will replicate the
findings of similar studies by others, i.e. higher heart rate and skin conductance, lower
skin temperature and more negative facial expressions after exposure to the unpleasant
odor compared to exposure to the pleasant odor. It is further hypothesized that ANS
responses are slower than facial expressions, but that both follow sequential appraisal

processes of evaluating the stimuli.

3.2 Material and Methods

3.2.1 Participants

26 young healthy female participants (mean age: 22.6 + 1.5 years, range: 20-25 years,
18.5 < BMI < 25 kg/m?) were recruited from the subject pool of Food & Biobased
Research, part of Wageningen University and Research Center. Participants self-reported
their BMI and if they had actual/previous history of smell or taste disorders known
to affect chemosensory function. Detailed information regarding the experiment was
given and an informed consent form was signed by all participants prior to testing. The

study was approved by the Medical Ethical Committee of the Wageningen University.

3.2.2 Odor stimuli and presentation

As described elsewhere (83), two food odors were selected on the basis of their relatively
negative (fish odor) or positive (orange odor) valence (119). The orange (cold-pressed
Californian orange oil, Sigma Aldrich, St. Louis, MO, USA) and fish (Fish flavor oil,
Givaudan Inc., Geneva, Switzerland) odors were diluted with mineral oil (to 70%, v/v)
and 1,2-propanediol (to 27%, v/v), respectively. With a dynamic olfactometer based on
air-dilution (OM2s, Burghart instruments, Wedel, Germany), each odor was delivered
in three different concentrations (low, medium, or high), correspondingly perceived
at different intensities in a pilot study. The olfactometer allows the presentation of
odorous stimuli within a continuous humidified (80%) and warmed (37 °C) airstream
of 8 L/min, which does not alter the mechanical or thermal conditions at the nasal
mucosa (131). These stimuli were delivered through a nosepiece for 1 s with an inter
stimulus interval of 60 s. Each block of 6 stimuli (i.e. orange odor in 3 concentrations
and fish odor in 3 concentrations) was randomized and presented 5 times, for a total

of 30 stimuli.
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3.2.3 Procedure

The experimental sessions took place in the physiological laboratory of the Restaurant
of the Future located in Wageningen, the Netherlands. The experiment leader explained
the experiment to the participant, allowed ample time for questions and asked the
participant to sign the inform consent form (which they had received by e-mail prior
to the experimental session) after which the electrodes were placed. Participants were
seated in a comfortable chair, fitted with the olfactometer nosepiece, and oriented
towards an adjustable computer monitor set with a webcam at eye-level (1 m viewing
distance). They were asked to look directly towards the camera while receiving the
odor stimulus to ensure recognition by the FaceReader software. Each trial started
with an auditory attention signal to remind the participant to pay attention to the
upcoming odor. The pleasantness and intensity of each odor was rated subsequently
on a paper questionnaire 10 seconds after stimulation. The procedure is also shown
schematically in Figure 3.1. The whole experiment lasted 45 min in total. Photograph

1 shows the set-up as used in this study.

Odor stimulus IST (60s)

| —
\ J
Y

Facial expressions
ANS responses
Pleasantness & intensity scales

Figure 3.1 Schematical representation of the experimental procedure followed during one
experimental session.

3.2.4 Measurements

3.2.4.1 Physiological ANS measures

Physiological measures included:

1. Skin conductance response (SCR) measured in pSiemens with electrodes placed on
the palm of the non-dominant hand of the participant.

2. Heart rate (HR) measured in beats per minute with electrodes placed on the chest.
3. Skin temperature (ST) measured in degrees Celsius with an electrode placed on the

palm of the non-dominant hand of the participant.
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Photograph 3.1 Set-up used in this study showing the participant and the experimenter, the arm of
the olfactometer for odor presentation, and the monitor used for instructions with a camera used

for facial expressions.

The physiological data were collected at 200 Hz via a MindWare Acquisition data
acquisition system (MindWare Technologies, Inc.) with separate filter settings for the
electrocardiogram, finger temperature and electrodermal (skin conductance response)
activity. Filter settings were low-pass 0.5 Hz, high-pass 45 Hz for heart rate frequency,
low-pass 1 Hz, high-pass 45 Hz for SCR and low-pass 10 Hz, high-pass 45 Hz for skin
temperature. Electrodes were used with a surface of 4.1 cm*and filled with 1% Chloride
wet gel. Signals were transferred to the Acquisition Unit (16-bit A/D conversion) and
stored on computer hard disk (sampling rate 500 Hz/s). Electrocardiographic R waves
were detected offline, and intervals between heartbeats were converted to heart rate,
expressed in beats per minute (BPM). SCR activity was recorded (high-pass filter:
0.025 Hz) by the constant voltage method (0.5 V). The signal was amplified by 1,000
and low-pass filtered (30 Hz).

3.2.4.2 Facial expressions

Facial expressions were automatically analyzed using FaceReader software version 4.0
(Noldus Information Technology B.V.). FaceReader works in three steps: (1) face
finding, (2) face modeling, and (3) face classification. During face finding an accurate

position of the face is found using the Active Template Method. During modeling, the
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Active Appearance Model is used to synthesize an artificial face model, which describes
the location of 491 key points as well as the texture of the face. The actual classification
of the facial expressions is done by training an artificial neural network as training
material nearly 2000 manually annotated images were used. The network was trained
to classify the six basic or universal emotions described by Ekman (132): happy, sad,
angry, surprised, scared, and disgusted and a neutral state. FaceReader analyzed the
facial expressions on a frame-by-frame basis, i.e. at 25 Hz. Previous studies showed
that FaceReader results corresponded between 71% (angry) to 99% (neutral) of all
cases, with an average of 87%, with results from human observers (133). FaceReader
happiness scores correlated significantly (r = 0.79) with objectively measured activity in
the ygomaticus supercilli or cheek muscle, a muscle that is activated during expressions
of happiness (134). A more detailed description of the science behind FaceReader can

be found at: http://info.noldus.com/free-white-paper-on-facereader-methodology/.

3.2.5 Ratings of pleasantness and intensity

A visual analog scale of 10 cm was used to rate pleasantness and intensity after each
odor presentation, ranging from ‘not perceivable’ (left-hand end = 0 cm) to ‘extremely
strong’ (right-hand end = 10 cm), or from ‘very unpleasant” (left) to ‘neutral’ (middle
of the scale = 5 cm) to ‘very pleasant’ (right). In this study, orange odors were rated
more pleasant (F(1, 25) = 99.86, p < 0.001) and less intense (F(1, 25) = 17.27, p <
0.001) than fish odors by the participants (see Table 3.1). Furthermore, odor intensity
increased with concentration (F(2, 50) = 47.15, p < 0.001).

Table 3.1 Average ratings (0-10, with standard deviation) of fish and orange odors diluted to
different concentrations

Air-diluted Intensity Pleasantness
Odor Concentration o

to (%) Mean SD Mean SD
Low 10 6.2 1.9 1.5 1.3

Fish .
(27% v1v) Middle 25 6.7 1.6 1.5 1.3
High 50 7.1 1.7 1.3 1.1
Low 50 4.8 1.7 6.4 1.1

Orange .
(70% viv) Middle 80 6.0 1.7 5.6 1.6
High 100 6.6 1.7 5.4 1.3

Ratings were made on a visual analog scale of 10 cm length. For intensity, 0 indicates ‘not perceivable’ and
10 indicates ‘extremely strong’; For pleasantness, 0 indicates ‘very unpleasant’, 5 indicates ‘neutral’, and
10 indicates ‘very pleasant’.
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3.2.6 Data analysis

The processed images with the facial expressions were combined with raw physiological
data in Observer XT 10.5 software (Noldus Information Technology) for further
analyses. The moments that odors were presented to the participants were marked
automatically using the ‘trigger-out’ signal from the olfactometer that signals the start
of each odor presentation. The physiological measures skin conductance response
(SCR), heart rate (HR) and skin temperature (ST) were analyzed per odor presentation.
The video images of the facial expressions were processed per odor presentation with
FaceReader 4.0 software (Noldus Information Technology). Due to a technical
malfunction, absolute skin temperature values were not recorded, but the results can
still be used to assess changes over time in skin temperature per odor presentation.
Results from some participants had to be removed from the analysis due to a large
number of artifacts. The number of participants that is included in the analysis is 21

(heart rate), 22 (skin conductance and skin temperature) and 24 (facial expressions)

Two types of statistical analyses were used: one based on post-odor time-averaged
responses to verify systematic effects of odor and concentration, and one based on pre-
and post-odor time-series of responses to verify the post-odor time at which responses
become odor-specific. Details of each type of analysis are given below. In addition,
correlational analysis was used to verify systematic associations between measures.

1. Repeated measures ANOVAs (IBM SPSS Statistics 19.0, IBM Corporation,
Armonk, USA) were conducted on post-odor time-averaged facial expressions,
ANS responses with odor and concentration as within-subject variables. A p-value
of 0.05 was considered significant.

2. To verify the time at which time-series ANS responses and facial expressions
become odor-specific (i.e. differ significantly between odors), absolute deltas
between orange and fish odors were calculated together with the standard
deviations for the 2.5 s interval preceding odor presentation to establish a pre-
odor baseline. Subsequently, post-odor times were identified at which the absolute
delta between the odors exceeded the pre-odor average plus 3 times the pre-odor

standard deviation.
3.3 Results
3.3.1 Effects of odor and concentration
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3.3.1.1 Physiological measures

Time-averaged means for heart rate F(1, 20) = 18.7, p < 0.001) and skin conductance
(E(1, 21) = 6.3, p < 0.05) were significantly higher for the unpleasant fish odor
compared to the pleasant orange odor (Figures 3.2A & 3.2B). Skin temperature did
not vary systematically with odor (F(1, 21) = 2.0, n.s.; Figure 3.2C). Heart rate also
increased systematically with concentration (F(2, 40) = 5.3, p < 0.01). Concentration
did not affect skin conductance (F(1, 21) = 0.6, n.s.) or skin temperature F(1, 21) =
0.9, n.s.).
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Figure 3.2 Effects of odor and concentration on (A) skin conductance responses, (B) heart rate,
(C) skin temperature, and (D) neutral facial expressions (averaged across time and bars indicate
standard errors).
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3.3.1.2 Facial expressions

Time-averaged means of facial expressions to the fish compared to the orange odor
were significantly less neutral (F(1, 23) = 21.25, p < 0.001; Figure 3.2D) and more
disgusted (F(1, 23) = 9.63, p < 0.01), and angry (F(1, 23) = 4.00, p < 0.05). Moreover,
facial expressions intensified at higher concentrations resulting, depending on the
odor, in weaker neutral expressions (odor by concentration effect: F(2, 46) = 3.25, p <
0.05) and stronger scared expressions (odor by concentration effect: F(2, 46) = 3.51,
p < 0.05).

Associations between physiological measures, facial expressions and ratings are
summarized by correlational analysis based on 24 stimuli (2 odors x 3 concentrations

x 4 replicates) averaged across participants (Table 3.2).

3.3.2 Time-series responses: when do responses become odor
specific?

3.3.2.1 Physiological measures

Prior to the odor presentation, but after the warning signal is given, ANS measures show
gradual changes that are independent of the odor valence whereby skin conductance
and heart rate gradually increase and skin temperature gradually decreases (Figures
3.3). Skin conductance continues to increase for seconds after odor presentation
independent of the specific odor. After approximately three seconds, SCR for orange
decreases whereas that for fish continues to increase. The difference in SCR becomes
significant after 3920 ms (Figure 3.3B and Table 3.3). Heart rate for the unpleasant
fish odor increases almost instantaneously after the odor is presented whereas heart rate
for the pleasant orange odor shows much smaller effects (Figure 3.3A and Table 3.3).
The difference in heart rate response between the odors becomes significant after 400
ms. Skin temperature follows a different, irregular pattern with higher temperatures
for fish odor at shorter intervals (between 520 and 1000 ms and between 2690 and
3880 ms) and lower temperature at longer intervals (after 5440 ms) (Figure 3.3C and
Table 3.3) compared to orange odor.
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3.3.2.2 Facial expressions

Neutral expressions become odor-specific after less than 100 ms. Disgusted expressions
take approximately another 100 ms to become odor-specific. Angry, surprised, sad
and scared become after 500-1000 ms odor-specific, whereas happy expression
become odor-specific after more than 1700 ms (Figure 3.4 and Table 3.3). Table 3.3
summarizes the times at which ANS responses and facial expressions significantly

differentiate between the unpleasant fish and pleasant orange odor.
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Figure 3.3 Effects of odor (averaged across concentrations) on (A) heart rate, (B) skin conductance
and (C) skin temperature. Absolute skin temperatures are incorrect due to a technical malfunction.
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Table 3.3 Intervals in ms following odor presentation at which responses become odor-specific.

Measures Odor-specific time (ms)
Neutral <100-end
Happy 1780 end
Sad 820-end
Facu}l Angry 500-end
expressions
Surprised 580-end
Scared 1020-end
Disgusted 180-end
HR 400-end
SCR 3920-end
ANS ST 520-1000
responses
2640-3880
5440-end
0.12 -

Facial expresions (delta FR score (orange-fish))

Neutral

= = =Angty
— - — Surprised
— — Scared

—— - = Disgusted

Figure 3.4 Sequential unfolding of differences in facial expressions between the unpleasant fish odor
and the pleasant orange odors for seven emotional facial expressions over time following the odor

presentation.
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3.4 Discussion

Human responses to pleasant and unpleasant food odors presented in varying
concentrations were assessed with facial expressions and responses of the autonomic
nervous system. Analysis were carried out on results with and without averaging over

time, and showed partly overlapping and partly different results.

ANOVAs on time-averaged results showed that the unpleasant fish odor triggered
higher heart rates and skin conductance responses, lower skin temperature, fewer
neutral facial expressions and more disgusted and angry expressions compared to the
pleasant orange odor. Overall, our results were similar to the ones found in studies by
others for heart rate (39,45,50), skin conductance (39,50), and skin temperature (see
(26)), indicating that these averaged physiological measurements are mainly responsive
to the valence of a stimulus, and less to intensity, whereas facial expressions appear to

demonstrate more concentration-specific effects.

Correlational analyses based on time-averaged results shows positive associations
between odor liking and neutral/surprised facial expressions, and negative associations
between odor liking and all other facial expressions, including happiness. Negative
associations between odor liking and happy facial expressions have also been reported
previously by others (79,80) suggesting that happy expressions cannot discriminate
liked or disliked foods implicitly. Facial expressions of happiness are rarely displayed
when one is alone and social interactions are absent suggesting that these expressions
serve a social function (see also (67,135)). The fact that they did occur in this study in
the presence of experimental staff suggests that the happy facial expressions may serve
some kind of social signaling function, e.g., to signal the staff that one is OK despite

the previous display of negative expressions associated with disliked odors.

When results are not averaged across time, analyses demonstrate that facial expressions
and physiological responses become rapidly odor-specific and are dynamic in nature.
Responses such as skin conductance already start before the actual odor presentation
These responses are obviously odor non-specific and probably reflect anticipatory
processes, Almost immediately after the onset of the odor presentation, neutral facial

expressions decrease followed after 100 ms by an increase in facial expressions of
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disgust. Within 400 ms heart rate for the unpleasant odor increase (similar to rapid
acceleration in heart rate observed for negative emotions by Levenson (136)), skin
temperature briefly increases, followed between 500 and 1000 ms by facial expressions
of angry, surprised, sad and scared, and after 1700 ms by happy expressions. During
all this time, skin conductance gradually increases for both odors until approximately
3 seconds when skin conductance for the pleasant odor starts to decrease whereas
that for the unpleasant odor continues to increase. Finally, after more than 4 seconds,
skin conductance for the unpleasant odor decreases together with skin temperature
for the unpleasant odor. Combined these time-related results show that most facial

expressions and physiological responses are fast reacting and odor-specific.

Our results correspond well with those found in previous studies; Delplanque et al.
(50) found odor-specific activities in two types of facial muscle activities 400-500 ms
after odor presentation, which coincides approximately with sad, angry, and surprised
expressions in the present study. These values also concur with the values found for
other stimulus modalities such as vision; Dimberg et al. (137) found facial responses
to positive or negative visual stimuli after approximately 400-500 ms. In addition, we

found other expressions that were triggered even faster, such as disgust, or slower, such

as happy.

Response times for heart rate and for most of the facial expressions are well within one
second after the odor is presented, and are often shorter than for example response time
for odor detection (approx. 800 ms, (138)) or response time to decide whether or not
an odor is more pleasant than a previous one (approx. 850 ms, (139)), where conscious
action is needed. These differences in timing are possibly related to automated versus
conscious processes in the central nervous system. Facial expressions and ANS responses
probably reflect automated processing of the central nervous system (see (137)) for
automated processes and facial expressions), whereas decisions regarding detection
and pleasantness/unpleasantness require also time-consuming conscious processing.
The fact that automated emotional odor-response times may be as fast as response
times in the visual domain despite the relatively slow peripheral and peri-peripheral
processing of odors may reflect the anatomical overlap between CNS structures
involved in olfaction and emotions; the peripheral and central olfactory system are

only separated by one relay (glomerulus of the olfactory bulb) after the odor interacts
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with the primary olfactory neurons. Next, olfactory information is conducted to other
olfactory structures, some of which are also involved in emotions (hippocampus,
anterior cingulate cortex, orbitofrontal cortex and parts of the amygdala and insula
(140,141). Given the close correspondence of CNS structures involved in olfaction
and emotions and the fact that these structures are activated simultaneously to when
information becomes available for conscious, higher order cognitive processing in the
cortex, it is no longer surprising that automated emotional odor response times are

often faster than odor response times that involve conscious processing.

Combined the time-series responses found in this study show that most facial
expressions and physiological responses are fast reacting and odor-specific. Moreover,
different facial expressions and physiological measures develop at their own specific rate
over time. Consequently, responses to the same stimulus may produce very different
patterns of results depending on the time at which they are assessed. For example, fast
responses around 500 ms, may be dominated by negative facial expressions such as
disgust, increased heart rate and increased skin temperature, whereas slower responses
may be dominated by positive facial expressions, lower heart rate and decreased skin
temperature. The fast responses may be automated reflexes to novel and potentially
dangerous stimuli, as observed by Delplanque et al. (50), whereas the later responses
may reflect a conscious processing of a sequence of different emotions, each resulting
from a different appraisal of the stimulus by the observer (e.g. (49)). Results from the
same laboratory indicate that conscious evaluative ratings of participants are associated
with ANS responses and facial expressions between one and three seconds after
stimulation (83). This supports the notion that the fast responses, with response times
of less than one second, are automated and relatively independent of evaluative ratings,
whereas slower responses reflect conscious processing that form the basis for evaluative

ratings and facial expressions of happiness for communicative purposes.

The present study has its obvious limitations; only a small number of odors were
investigated, and their effects were investigated under controlled laboratory conditions
with female participants. Nevertheless, the results may have some implications for
consumer behavior in the real world. For example, visitors to supermarkets may
have approximately 45 minutes to select their weekly groceries from up to 30000

products. This task becomes even more daunting considering the fact that many of
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these selections are not planned but made in the supermarket. Given this abundance
of choices consumers need a fast and partly automated selection mechanism that
combines affect, appraisal, action readiness and autonomic arousal. This fast selection
mechanism may be based on fast and probably automated ANS responses and facial
expressions similar to the ones found in the present study. These fast responses may
not only be triggered by odors, but also product packages and brand names. To explore
real-life applications, future studies will measure ANS responses and facial expressions
in relation to consumer choice behavior. Initially, consumer behavior will be assessed
in the semi-real-life test environment of a virtual supermarket, followed by real-life
assessment in an actual supermarket. Such studies will allow a proper evaluation of
ANS measures and facial expressions as tools for marketing (research) because their
associations with consumer product interactions and purchasing behaviors will be

tested directly.

In summary, physiological and facial responses to odors prove to be fast and dynamic
and the balance between these responses is continuously changing depending on their
timing. This changing balance may reflect different sequential appraisals of emotions.
This study along with other recent studies (e.g. (50)) shows the necessity of taking the
time dimension into account and future studies should further explore the relation

between dynamic responses and appraisals.
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Abstract

One of the main functions of olfaction is to activate approach/avoidance behavior,
towards or away from people, foods, or other odor sources. These behaviors are
partly automated and therefore poorly accessible via introspection. Explicit tests need
therefore be complemented by implicit tests to provide additional insights into the
underlying processes of these behaviors. Affective responses to seven food odors plus one
control non-odor were assessed in 28 female participants (18-30 years) using explicit
tests (pleasantness, intensity, and non-verbal emotional ratings (PrEmo)) as well as
implicit tests that reflect dynamic expressive emotional reactions (facial expressions)
as well as behavioral-preparation responses (autonomic nervous system responses:
heart rate, skin conductance and skin temperature). Explicit tests showed significant
differences in pleasantness (p < 0.05), and all PrEmo emotions (p < 0.05) except
shame. Explicit emotional responses were summarized by valence (explaining 83%
of the responses variance) and arousal (14%) as principal components. Early implicit
facial and ANS responses (after 1 second) seem to reflect the odors™ arousal, whereas
later ANS responses (after 3-4 seconds) reflected the odors’ valence. The results suggest
that explicit measures primarily reflect the odors’ valence, as result of from relatively
long (conscious) processing, which may be less relevant for odor acceptance in the real

world where fast and automated processes based on arousal may play a larger role.
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4.1 Introduction

Olfaction may be the most underrated of the five senses, although it is vital for
identifying potential environmental hazards, for social communication, and, not the
least, for ingestive behavior (142). Its main function is thus to activate approach/
avoidance behavior, towards or away from people, foods, or other odor sources. It
is not surprising then, that the primary axis of odor perception is pleasantness
(143,144). Pleasant odors eliciting positive feelings lead to approach behavior, such
as a safe environment or an edible food, whereas unpleasant odors evoking negative
feelings lead to avoidance behavior, such as shying away from poison or a predator. The
different appraisal processes between pleasant and unpleasant odors are supported by
reaction time (145,146), physiological response patterns (46,147-149) and functional
neuroimaging studies (47,150-152). Additionally, there is evidence that edibility is
also an important factor in classification of odors (153), and Boesveldt et al. (119)
have demonstrated that an unpleasant food odor (fish) is detected faster and more

accurately than either pleasant (orange) or non-edible odors (dirty socks, rose).

Odors are thus a powerful tool in eliciting affective responses, emotions and memories,
that may be explained by the close neuroanatomical connections between olfactory areas
and the limbic system (e.g. amygdala) (140). However, measuring affective responses
to odors can be challenging. Beyond liking, we can distinguish between different types
of measurements to assess emotions, i.e. verbal explicit tests such as the EsSense Profile
(58), non-verbal explicit tests, e.g. PrEmo (61), and implicit measurements such as

facial expressions (77) and physiological measures (93).

Bensafi et al. (45) investigated the relation between explicit odour ratings (intensity,
arousal, pleasantness and familiarity) and activation of the autonomic nervous system
(ANS) with six pure chemicals as odorants. Results indicated that a pleasantness factor
correlated with heart rate variations, whereas skin conductance variations and odor
intensity correlated with an arousal factor. As current theories on emotions suggest a
dynamic unfolding over time (49,50), or continuous repeated appraisals in our own
previous studies (82,83), we investigated ANS responses to odors differing in valence
and intensity, and expanded this into the time domain to asses these dynamic changes

in emotional response patterns. In addition, we assessed PrEmo (self-report emotional
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ratings) and implicitly recorded emotional facial expressions. Facial expressions and
ANS appeared to reflect different stages of the same processes: Facial expressions
provided emotional information on the results of each of the appraisals, whereas ANS
responses were indicative of resulting behavioral actions. The results showed that while
PrEmo responses primarily reflected the odors’ valence, facial expressions were not
only strongly associated with odor valence but, depending on their timing, also with
odor intensity. In addition, facial expressions and ANS responses varied dynamically
over time following odor presentation. This temporal unfolding of emotions in
reactions to odors, as seen in facial expressions and physiological measurements,
supports sequential appraisal theories. A limitation of that study is that we only used
two food odors (orange, fish) at opposite sides of the pleasantness spectrum (highly
liked, highly disliked), which may not be sufficient induce various emotional patterns.
Furthermore, the relation between self-reported non-verbal ratings of, and autonomic
nervous system responses to food odors has not been investigated yet, either by us or

by others.

Therefore, the present study continued to explore how explicit and implicit factors
contribute to dynamic pleasantness appraisal, using iso-intense food odors varying in
a wider range of valence and using similar measurements (i.e. liking scores, PrEmo,
facial expressions and ANS responses) as in the previous study. We hypothesize that
all three types of measurement contribute to the pleasantness appraisal of food odors
and may correlate to each other differentially at the different time windows of odor
exposure. The emotional profile assessed with PrEmo may result from the integration
of preceding response patterns, as reflected by facial expressions and ANS responses.
Following this reasoning we hypothesize that over time, dynamic emotional responses
correlate more with the end product of the emotional response, as reflected by PrEmo

and liking scores.
4.2 Materials and methods

4.2.1 Participants
A total of 28 female participants were recruited from the subject pool of Food &

Biobased Research, part of Wageningen University and Research Center. Participants
had a normal weight (BMI 18.5-25 kg/m?, mean + SD 21.7 kg/m2 + 1.7) and were
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aged between 18 and 30 years (mean + SD 23.1 years + 2.7). Participants were healthy,
based on self-report, and had no current or history of smell disorders known to affect
chemosensory functioning. Detailed information regarding the experiment was given
and an informed consent form was signed by all participants in an information meeting
prior to the test session. The study was approved by the Medical Ethical Committee
of the Wageningen University (NL52249.081.15) and conducted according to the
principles of the Declaration of Helsinki for Medical Research involving Human
Subjects (version 2013).

4.2.2 Experimental procedure

Participants came for one session, in which they were presented with 8 odors including
an odorless control, repeated 5 times each, for a total duration of 45 minutes. In
the beginning of the test session, electrodes were placed on participant’s body to get
stable baseline data of autonomic nervous system responses. Participants were seated
in a comfortable chair, fitted with a nosepiece for odor presentations, and oriented
towards an adjustable computer monitor set with a webcam at eye-level (1 m viewing
distance). They were asked to look directly towards the camera while receiving the odor
stimulus to ensure recognition by FaceReader software. Each trial started with a red
fixation cross on the screen to remind the participant to pay attention to the upcoming
odor. Odors were presented in 5 blocks, in each of which the order of 8 odors was
randomized. For the first four blocks of stimuli, the pleasantness and intensity of each
odor were rated 10 s after odor presentation on a digital VAS. Facial expressions and
ANS responses were recorded continuously. For the last block of stimuli, participants
rated PrEmo animations, instead of pleasantness and intensity. The intervals between
two odors stimuli in the last block were not fixed, but dependent on the pace of PrEmo

ratings by the participants. The experimental schematic is shown in Figure 4.1.

4.2.3 Odor presentation

Seven food odors (mushroom, fish, chocolate, caramel, cucumber, orange and apple),
plus one odorless control were used in this study. The odors were selected so that they
would include pleasant as well as unpleasant odors, but were similar with respect to
intensity and familiarity, as determined in a pilot session prior to the test session.
Odors were presented with a computer-controlled, 8-channel olfactometer to ensure

accurate odor onset (154), for 3 s with a flow of 3 liter per minute (Ipm). To prevent
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possible discomfort by a continuous (high) airflow, the airflow was switched to a low
stream in between odor presentations (0.5 lpm). The air flow was switched to a similar
(3 Ipm), odorless airflow ~2 s before onset of the stimulus, to prevent any tactile cues
that might alert the subject to the odor delivery. The stimulus presentation program
E-Prime 2.0 Professional (Psychology Software Tools Inc., Pittsburgh, PA) was used to

trigger the olfactometer.

rate
pleasantness
& intensity

Figure 4.1 Scheme of experimental design.

4.2.4 Measurements

A digital visual analog scale (VAS) of 100 mm was used to rate pleasantness and
intensity after each odor presentation, ranging from ‘not perceivable’ (left-hand end
= 0 mm) to ‘extremely strong’ (right-hand end = 100 mm), or from ‘very unpleasant’

(left) to ‘neutral’ (middle of the scale = 50 mm) to ‘very pleasant’ (right).

Product Emotion Measurement Instrument (PrEmo) developed by Desmet et al.
(61) was used to measure 12 emotions in response to odors. Participants have to rate
animated figures expressing an emotion, on a 5-point scale, to indicate to what extent
their feeling elicited by the stimulus was expressed by the animations. Of these 12
emotions, six are pleasant (i.e. desire, satisfaction, pride, hope, joy, and fascination),

and six are unpleasant (i.e. disgust, dissatisfaction, shame, fear, sadness, and boredom).
Facial expressions of participants were filmed with a Logitech C600 webcam, mounted
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on top of a computer monitor placed in front of the participant. Facial expression
data were automatically analyzed by FaceReader 5.0 (Noldus Information Technology,
Wageningen, The Netherlands) based on Active Appearance Modeling (111) in each
time frame (at a frequency of 25 Hz) during 5 seconds after stimulus presentation.
The face classification provides the output of six basic expressions (happy, sad, angty,
surprised, scared, disgusted) and one neutral state with 89% accuracy (111) on the

basis of the Facial Action Coding System developed by Ekman and Friesen (77).

The physiological data were collected at 200 Hz via a Biolab data acquisition system
(MindWare Technologies, Gahanna, US) for heart rate, skin conductance level and
skin temperature. Heart rate (HR) was measured using electrodes placed on the
shoulder and the waist of the participant; skin conductance level (SCL) was measured
in pSiemens via surface electrodes covered with electrode gel and placed on in the
palm of the left hand; skin temperature (ST) was measured in degrees Celsius using a
surface sensor placed on the subject’s middle finger of the left hand. Electrodes were
used with a surface of 4.1 cm? and filled with 1% Chloride wet gel. Signals were
transferred to the Acquisition Unit (16-bit A/D conversion) and stored on computer
hard disk (sampling rate 500 Hz). Electrocardiographic R waves were detected offline,
and intervals between heartbeats were converted to HR, expressed in beats per minute
(BPM). SCL was recorded by the constant voltage method (0.5 V).

4.2.5 Statistical analysis

The video images of the facial expressions were processed per odor presentation with
FaceReader 5.0 software. The raw physiological data of the skin conductance level
(SCL), heart rate (HR), and skin temperature (ST) were analyzed per odor presentation
with Mind Ware software. The processed facial expressions scores and physiological data
were combined with in ObserverXT 12.5 software (Noldus Information Technology)
for further analyses. The moments that odors were presented to the participants were
marked automatically using the ‘trigger-out’ signal from the E-Prime software that

signaled the start of each odor presentation.

Univariate ANOVA tests (IBM SPSS Statistics 19.0, IBM Corporation, Armonk,
USA) were used to analyze the odors’ intensity, pleasantness and PrEmo ratings.

ANS results were averaged per 1-second bins, for 4 s upon start of odor presentation.
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Changes in ANS responses were calculated by subtracting the value at the start of
the odor presentation (t = 0) from each of the post odor averages. These results were
analyzed with a linear mixed model with odor (8, including the odorless control) and
time (4 seconds) as fixed factors and subject as random factor. FaceReader expressions
were also averaged per second over a 4-second post-odor period, but these averages
were not adjusted for baseline values. Linear mixed model analyses with odor, time and
subject as factors were also used to analyze each of the facial expressions. Results from
participants who did not respond differentially between the odors were excluded from
further analysis. Out of twenty-eight participants, results from sixteen participants
were included in the skin conductance analysis, twenty-four in the skin temperature,
analysis, eighteen in the heart rate analysis, and twenty-one in the facial expression

analysis. A p-value of 0.05 was considered significant.

To summarize the data collected from PrEmo, FaceReader, and ANS responses per
1-second bin, principal component analysis (PCA) (Unscrambler CAMO ASA, Oslo,
Norway) was used with non-normalized variables, centered data, and orthogonal
principle components. Similarities in processes between these measures should reveal
themselves in similarities between the factor loadings of the odors between measures.
For example, if ANS responses and facial expressions share underlying processes, then
the distributions of the odors in the ANS bi-plot should be similar to the distribution
of the same odors in the facial expression bi-plot. Correlation coefficients between
measures were calculated based on the odor loadings on the first two principle

components.
4.3 Results

4.3.1 Explicit measures
The odors (excluding the odorless control) differed significantly in pleasantness (p <
0.05) but were similar with regard to intensity (Table 4.1).

Emotional PrEmo responses varied significantly with odor (p < 0.05), with the
exception of shame (Figure 4.2). The associations between odors and PrEmo emotions
are summarized in the bi-plot shown in Figure 4.3. Two principle components

explain virtually all response variance (98%). The first PC explains 83% and seems
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to reflect valence because it runs from positive emotions such as joy and pride to
negative emotions such as disgust and dissatisfaction and reflects valence. The second
PC explains an additional 14% and seems to reflect arousal because it runs from low
arousing emotions such as boredom to high arousing emotions such as joy and fear.

Table 4.1 Detailed information on food odors used in this study.

Odor Concen-  Solvent Producer Pleasantness Intensity
tration

(%) Mean SD Mean SD
Mushroom 0.1 DW Givaudan 27.03 16.55 57.51 12.67
Fish 0.1 PG Givaudan 35.64 24.79 61.72 14.85
Chocolate 0.1 DW Givaudan 38.05 16.92 56.02 15.54
Control 0.1 DW - 49.86 1.03 0.96 1.29
Caramel 0.1 DW Givaudan 60.90 21.47 53.31 12.89
Cucumber 10 DW Givaudan 61.89 16.01 59.53 15.29
Orange 0.1 PG Sigma Aldrich ~ 63.20 16.48 62.90 13.56
Apple 0.1 DW Givaudan 7135  12.04 4673 1245

DW: Demineralized Water; PG: Propylene Glycol.

pride

mushroom

fear I satisfaction ~ eeeeeees fish

—— — chocolate

—— . = control
disgust joy
e = = = caramel
= = === cucumber
dissatisfaction fascination ~ . — orange
apple

boredom

sadness

Figure 4.2 PrEmo ratings of 7 odors plus one control odor.
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Figure 4.3 Principle component bi-plot of food odors (in italic) and facial expressions. PC1 explains
83% of the response variance, PC2 14%.

4.3.2 Implicit measures: autonomic nervous system responses.

Changes in skin conductance responses varied significantly between odors (F(6, 717)
= 4.3, p < 0.01) with largest increases for the unpleasant fish and mushroom odors, as

well as for caramel, and smallest increases for the pleasant orange, cucumber and apple

odors (Figure 4.4A).

Changes in heart rates showed a bi-phasic response whereby an initial increase in heart
rate (maximum during second 2) is followed by a decrease (minimum in second 4).
Neither the positive peak nor the negative peak varied significantly with odor (F(7,
123) = 0.8, n.s. and F(7, 123) = 1.8, p = 0.1). In contrast, the difference between the
two peaks did vary with odor (F(7, 123) = 2.3, p = 0.03) (Figure 4.4B).

Changes in skin temperature varied significantly between odors (F(7, 713) = 3.80, p
< 0.01) (Figure 4.4C) with relatively large increases for the pleasant apple, cucumber

and orange odors, and small or no increases for the other odors.

4.3.3 Implicit measures: facial expressions.

Facial expressions of happiness (F(7, 619) = 2.3, p = 0.03), sadness (7, 619) = 4.3,
p < 0.01), surprise (F (7, 619) = 3.4, p < 0.01), scared (7, 619) = 15.0, p < 0.01)
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and disgust (F (7, 619) = 2.4, p = 0.02) varied significantly between odors. Neutral
expressions (F(7, 619) = 1.7, p = 0.1) and expressions of anger (F (7, 619) = 1.8, p
= 0.07) did not vary significantly with odor (Figure 4.4D). In general, more pleasant
odors were associated with fewer expressions of disgust, scared, surprise, anger, sad, but

also happy and somewhat more neutral expressions (see also Figure 4.7).
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Figure 4.4 Changes compared to baseline in (A) skin conductance, (B) heart rate, (C) skin

>

temperature, and (D) FaceReader scores for 7 odors plus one control odor (“water”). Results are

averaged across 4 seconds.
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4.3.4 Temporal development of facial expressions and ANS responses
Principle component bi-plots show the associations per 1-second bin between ANS
responses or facial expressions and the odors. These associations change over time
(Figures 4.5). Similarities between the processes captured by the temporal results at
T1, T2, T3 and T4, as well as by the results of the explicit ratings made afterwards,
should lead to similar distributions of the odors along PrEmo’s valence and arousal
dimensions as shown in Figure 4.3. Similarities were quantified by (absolute) correlation
coefhicients between the odor loadings (either PC1 or PC2) for each 1-second bin
based on facial expressions or ANS responses and the odor loadings on the valence
(PC1) and arousal (PC2) dimensions based on the PrEmo results. The correlation
coefhicients (Figures 4.6) show stronger associations between facial expressions and
the PrEmo arousal dimension than with the valence dimension, especially in the 2™
second of odor presentation. Similarly, ANS responses show stronger associations with
the PrEmo arousal dimension in the 2" second. In contrast, ANS responses in the 3"

and 4™ seconds show stronger associations with the PrEmo valence dimension.

Valence wasalso measured directly via rated pleasantness. Figure 4.7 shows the correlation
coeflicients between pleasantness and the PrEmo emotions, facial expressions for the
3 second and ANS results for the 4™ second (strongest association at those time
points). Not surprisingly, most of the negative PrEmo emotions with the exception
of boredom and shame showed significant negative correlations with pleasantness,
whereas all positive PrEmo emotions showed significant positive correlations (p
< 0.05). Pleasantness was associated with increased skin temperature, and reduced
heart rate and skin conductance. Only the (negative) correlation coefficient between
pleasantness and skin conductance reached significance (p < 0.05). All facial expressions
with the exception of neutral showed negative associations with pleasantness, but only

the correlation with happiness and disgust reached significance (p < 0.05).
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Figure 4.5 Principle component bi-plots per 1-second post-odor bin (T1-T4) of food odors (in
italic) and facial expressions (A-D) and ANS responses (E-H).
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Figure 4.6 Correlation coefficients between PCA odor loadings of (A) facial expressions or (B) ANS
responses and PCA odor loadings of PrEmo scores. Critical correlation coefficient is 0.62, p = 0.05 (n
=7).
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4.4 Discussion

Affective responses triggered by food odors were measured with continuous, implicit
(facial expressions and autonomic nervous system responses) and discrete, explicit
(pleasantness and non-verbally reported PrEmo emotions) measures. The explicit
PrEmo test results indicated that the non-verbal emotions could be summarized by two
dimensions: a dimension corresponding to the odors’ valence (explaining 83% of the
response variance) and another independent dimension corresponding to the degree
of arousal of the emotion triggered by the odors (explaining an additional 14%). This
is a well-known finding that has been reported frequently by others (see for example
Russell’s circumplex model of affect (44) and probably also reflects the importance of
valence (liking, pleasantness) for the development of food and non-food products. The
market place is however flooded with products of which the majority will ultimately
fail despite that they are generally well liked according to sensory and consumer tests.
The results of the implicit ANS responses and facial expressions suggest that arousal
may be more relevant for consumer behavior and appreciation than indicated by the

more traditional explicit tests.

Facial expressions and ANS responses in the 2™ second of odor presentation related to
the explicit emotions of the arousal dimension. Later ANS responses (in the 4™ second)
also related to the explicit emotions of the valence dimension. These findings are in
line with current appraisal theories of emotions (see (49) for an overview) that state
that emotions are the result of unfolding appraisals over time. These appraisals produce
cognitive, expressive, physiological, motivational and subjective changes over time,
which can be monitored with time-dependent measures such as autonomic nervous
system responses and facial expressions. In addition, the results of this study suggest

that arousal-related emotions precede valence-related emotions in time.

The separation in time of responses associated with arousal and those associated with
valence is lost when explicit tests such as the PrEmo are used but may still be important
in our daily life decision making. Relatively fast bodily (ANS) and expressive (facial
expressions) processes primarily reflect the arousal caused by the stimulus rather than
its valence. From an evolutionary point of view this makes sense: a new stimulus first

needs evaluation regarding its novelty and thus its potential threat (50). A novel and
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potentially dangerous odor needs fast reactions to reduce the risks of exposure. These
evaluative processes may drive the relatively fast arousal effects, and the odors’ valence
may only become relevant at a later stage (139). From an ecological point of view
one may wonder what type of responses is more relevant for processes such as food
choice in supermarkets or food intake behavior. If one has a choice between numerous
(food) products, as in the case in a supermarket with 30,000 or more products, a fast
choice mechanism based on arousal may be very practical (and useful to marketers
who already know how to make dull products more exciting via packaging cues such
as colors, images, and shapes). On the other hand, if limited number of foods are
available, one may have time for more careful evaluation and valence may determine

in this case food choice and intake behavior.

Previously, we observed strong associations between facial expressions in the 2™ second
and the PrEmo valence dimension, instead of the PrEmo arousal dimension observed
in this study. In that study (82,83), the arousal dimension was virtually lacking
probably due to the limited number of odors tested (two) that differed strongly in
valence (pleasant versus unpleasant). The present study suggests that when a more
complex set of test odors is used, temporal separation takes place in the processes that

result in emotions related to arousal and valence, in line with previous findings of

Bensafi et al. (45).

The fact that facial expressions reflect the food odors’ arousal rather than their valence
is probably driven by the fact that facial expressions to food stimuli tend to reflect
only negative and not positive emotions, and as a result cover only part of the full
valence spectrum. in other words, facial expressions discriminate between negative
food stimuli and not between positive ones. This study, as well as previous studies
(82,83) demonstrate that this is not a problem related to the use of facial expressions
themselves or the way they are measured expressions, but probably is an accurate
reflection of consumer reactions to these type of stimuli. Facial expressions normally
associated with positive emotions such as happiness are rarely used in response to foods.
Instead, positive food emotions are associated with neutral expressions, resulting from
the absence of negative expressions. In fact, happy expressions in this study correlate
with negative valence. This seemingly contradictory finding, however, does replicate

earlier findings by others (79,80,83). Moreover, FaceReader’s identification of facial
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expressions may not always be perfect, as indicated in the method section, and certain
expressions may be incorrectly interpreted as happy. Finally, the number of possible
facial expressions or emotional responses to our stimuli may exceed the six expressions
identified by FaceReader, which could result in incorrect identification of some facial

expressions.

Combined heart rate, skin conductance and skin temperature responses of the
autonomic nervous system showed strong associations to valence in the 3" and
especially in the 4™ second. Individually, only skin conductance showed a significant
negative correlation which supports the notion that the patterns across ANS indices
are more relevant for valence/arousal/emotions than any of the single indices. This is
in line with previous research that was summarized by Kreibig (93) and shows that
emotions are associated with specific patterns across ANS responses rather than with
individual responses. For example, an increased skin conductance response reflects
arousal than can be caused by positive as well as negative emotions. It is only when
skin conductance responses are combined with other responses that the valence of

emotions becomes apparent.

In conclusion, explicit non-verbal reported emotions (PrEmo) to food odors can be
summarized by the odors’ arousal and valence. Results from implicit measures of
autonomic nervous system responses and facial expressions are associated with arousal
emotions which are relatively fast (1-2 secs), while ANS responses are also associated

with slower (3-4 secs) valence emotions.
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Abstract

The high failure rate of new market introductions, despite initial successful testing
with traditional sensory and consumer tests, necessitates the development of other
tests. This study explored the ability of selected physiological and behavioral measures
of the autonomic nervous system (ANS) to distinguish between repeated exposures to
foods from a single category (breakfast drinks) and with similar liking ratings. In this
within-subject study 19 healthy young adults sipped from five breakfast drinks, each
presented five times, while ANS responses (heart rate, skin conductance response and
skin temperature), facial expressions, liking, and intensities were recorded. The results
showed that liking was associated with increased heart rate and skin temperature, and
more neutral facial expressions. Intensity was associated with reduced heart rate and
skin temperature, more neutral expressions and more negative expressions of sadness,
anger and surprise. Strongest associations with liking were found after 1 second of
tasting, whereas strongest associations with intensity were found after 2 seconds of
tasting. Future studies should verify the contribution of the additional information to

the prediction of market success.
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5.1 Introduction

The high failure rate of new market introductions, despite initial successful testing with
traditional sensory and consumer tests, necessitates the development of other tests.
The low predictive validity of traditional sensory and consumer tests, which include
sensory analytical profiling and liking tests, may be due to the fact that these tests
require cognitive information processing and rational reasoning whereas consumer
behavior may be more based on unarticulated/unconscious motives and associations.
Reasons for food choice include sensory affective reasons (dislike/like of the food), but
also anticipated consequences of ingestion (satiation, illness) and ideational reasons
(knowledge of the nature or origin of the food) (155). In addition, food pleasure
and food choice also depends on the simultaneous internal context (food choice in
a hungry state will be different from that in a satiated state), simultaneous external
factors (food choice will be affected when informed that the food may be spoiled), and
successive external context (pleasure of food decreases during consumption whereas
pleasure of non-consumed food is unaffected, a phenomenon also known as sensory-

specific satiety (10)).

The combined effect of these factors on food choice is mediated by emotional responses,
such as disgust when one is informed that the consumed food was spoiled. Frijda
(156) distinguishes the following elements of emotions: affect, or the hedonic pleasure
of foods, appraisal of foods in terms of good/bad or pleasant/unpleasant, action
readiness (whether or not the food is consumed), and autonomic arousal reflecting
the degree of motor preparation for the action. Affect and appraisal are typically
assessed explicitly via questionnaires (e.g. (58,59) or implicitly via facial expressions
(e.g. (71,73,79,80,157)). Action readiness and autonomic arousal are typically assessed
implicitly with physiological measures of the autonomic nervous system (ANS, see
also (93)). More recently, the notion was introduced that various aspects of stimuli are
appraised sequentially (49) whereby each type of appraisal is associated with specific
physiological, expressive and motivational changes. For example, Aue and colleagues
(88) presented participants with pictures that displayed biological and cultural
threats or neutral stimuli, and demonstrated with EEG and facial muscle activity that
relevance appraisal preceded goal conduciveness appraisal. Similarly, Delplanque and

colleagues (50), using facial muscle activity and electrodermal activity and olfactory
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stimuli, demonstrated that novelty reactions precede pleasantness reactions. In one of
the few food studies in which responses from the autonomic nervous system (ANS)
were recorded, De Wijk et al (6) demonstrated that ANS responses differentiated
between the sight of foods that were liked and disliked. Moreover, ANS responses to
the sight of a food varied with the instruction to either view, smell or taste the food.

ANS responses to the taste of the foods were not measured in that study.

ANS responses and facial expressions to the taste of foods were recorded in the present
study. Unlike the previous study, foods with a single product category (breakfast drinks)
with similar valence were used in this study. Moreover, responses were monitored
continuously during tasting to allow testing of sequential appraisals. The study tested
whether:

* ANS responses and facial expressions discriminated between foods with similar

valence.
e Liking and intensity are associated with different response patterns and with

different response times.
5.2  Methods

5.2.1 Participants

Nineteen adults (10 females; mean age 30.1 + 11.7 years and 9 males, mean age 36.2
+ 12.7 years) were tested. The study was approved by the Medical Ethical Committee
of the Wageningen University. Participants were recruited from the subject pool of the
Consumer Science and Intelligent Systems department of the Wageningen University.
All participants signed an informed consent form and received an incentive for their

participation.

5.2.2 Breakfast drinks

Five commercially available breakfast drinks were used for the study. The breakfast
drinks included three drink yoghurts (Royal Friesland Campina), Goede Morgen
fruit Aardbei-kiwi-banaan (GM-Str), Goede Morgen original Perzik-abrikoos (GM-
Pea) and Goede Morgen fruit Sinaasappel-mango-banaan (GM-Sin), and two fruit
drinks (Hero): Fruit Ontbijt original Bosvruchten (FO-BV) and Fruit Ontbijt original

Sinaasappel-banaan (FO-Sin). A sixth commercial breakfast drink was used once as
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a warm-up sample at the beginning of a session. The drinks were presented to the
participants in 250 ml glasses. Drinking straws were used by participants to sample
from each drink because normal drinking would cause severe visual artefacts in the
facial expressions and motor artefacts for the ANS responses. Participants took a single
sip from each drink. Based on an estimated sip size of 10 ml, participants consumed

on average a total of 250 ml during a session.

5.2.3 Design

In the experimental session the five breakfast drinks were presented in five blocks of
five food presentations. Each drink was presented once per block in a randomized
order. The presentations were separated by an interval of 60 seconds. Within-subjects
designs with five outcome measures (skin conductance response (SCR), heart rate
frequency (HR), skin temperature (ST), facial expressions, and ratings) were used. A
sixth presentation was included in the study where participants rated their emotional

responses to each of the drinks. These results will be reported separately.

5.2.4 Physiological ANS measures

Physiological measures included:

»  Skin conductance response or SCR measured in puSiemens with electrodes placed
on the palm of the non-dominant hand of the participant;

*  Heart rate or HR measured in beats per minute with electrodes placed on the
chest;

*  Skin temperature or ST measured in Celsius degrees with an electrode placed on

the palm of the non-dominant hand of the participant.

The physiological datawere collected viaa Mindware Acquisition dataacquisition system
(Mindware Technologies, Inc.) with separate filter settings for the electrocardiogram,
skin temperature and electrodermal (skin conductance response) activity. Filter settings
were low-pass 0.5 Hz, high-pass 45 Hz for heart rate frequency, low-pass 1 Hz, high-pass
45 Hz for SCR and low-pass 10 Hz, high-pass 45 Hz for skin temperature. Electrodes
were used with a surface of 4.1 cm*and filled with 1% Chloride wet gel. Signals were
transferred to the Acquisition Unit (16 bit A/D conversion) and stored on computer
hard disk (sampling rate 500 Hz). Electrocardiographic R waves were detected offline,

and intervals between heartbeats were converted to heart rate, expressed in beats per

77




Chapter 5

minute (BPM). SCR activity was recorded (high-pass filter: 0.025 Hz) by the constant
voltage method (0.5 V). The signal was amplified by 1,000 and low-pass filtered (30

Hz). SCRs were analyzed off-line after correction for baseline.

5.2.5 Behavioral measures

Facial expressions were automatically analyzed using FaceReader software version 4.0
(Noldus Information Technology, Wageningen, The Netherlands). FaceReader works
in three steps: (1) face finding, (2) face modelling, and (3) face classification. During
face finding an accurate position of the face is found using the Active Template Method.
During modelling, the Active Appearance Model is used to synthesize an artificial face
model, which describes the location of 491 key points as well as the texture of the
face. The actual classification of the facial expressions is done by training an artificial
neural network as training material nearly 2000 manually annotated images were used.
The network was trained to classify the six basic or universal emotions described by
Ekman (66): happy, sad, angry, surprised, scared, and disgusted and a neutral state.

FaceReader analyzed the facial expressions on a frame by frame basis, i.e. at 25 Hz.

5.2.6 Liking and intensity scores

Liking and overall intensity was rated on visual analog scales of 10 cm length. The liking
scale was anchored ‘absolutely unpleasant” on the left side and ‘absolutely pleasant’ on
the right side. The intensity scale was anchored ‘very low intensity’ on the left side and

‘very high intensity’ on the right side.

5.2.7 Procedure

5.2.7.1 Instruction and set-up

The experimental sessions took place in the physiological laboratory of the Restaurant
of the Future located in Wageningen, the Netherlands. The experiment leader explained
the experiment to the participant, allowed ample time for questions and asked the
participant to sign the inform consent form (which they had received by e-mail prior to
the experimental session) after which the electrodes were placed. A camera placed about
one meter in front of the participant to measure the facial expressions was adjusted
in height to get a clear view of the face of the participant. The camera was placed just
above a computer monitor that was used to instruct the participant. A second camera

was placed on the right side of the participant to identify the exact moment of tasting.
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The seat of the participant was also adjusted if necessary. The breakfast drinks were
prepared in transparent 250-ml drinking glasses with a drinking straw normally placed
outside the viewing area of the participant. The participants were instructed to look
straight in the direction of the camera. Oral instructions were given by the experiment
leader. The instructions were manually timed by a researcher to allow the participants
enough time to taste the presented food product. After the instruction, participants
received a practice trial with a breakfast drink that was not used in the rest of the study.
Next, the experimental measurements started where participants received a number of

trials. Per trial, one breakfast drink was presented.

5.2.7.2 Trial

A session consists of a series of trials. During each trial, participants sipped from one
of the breakfast drinks. The trial procedure was developed to minimize unwanted
motor artefact that may affect the physiological measurements and to provide optimal
conditions for the FaceReader automated expression analysis. Each trial started with
an auditory attention signal to indicate that the participant had to look in the direction
of the camera and the computer monitor, and that the trial was about to start. For 10
seconds a photograph of the breakfast drink in a glass cup was shown on the monitor
to mimic the normal situation where one sees the drink before tasting. Simultaneously,
a glass with the same breakfast drink plus straw was put near the participants head.
After 10 seconds the photo was replaced by the instruction to take the straw in the
mouth but not drink, which was replaced after 6 seconds by the instruction to take a
sip and to leave the straw in the mouth. After 10 seconds the participant was instructed
to remove the straw and to enter the liking and intensity of the breakfast drink using
10 point rating scales (see also Figure 5.1). Before the next trial the researcher removed

the cup. The physiological and behavioral measures were continuously recorded.

5.2.8 Data analysis

The processed images with the facial expressions were combined with the images from
the other camera, and with raw physiological data combined in Observer XT 10.5
software (Noldus Information Technology, Wageningen, The Netherlands) for further
analyses. Markers were placed manually to identify the moments of the participant’s
first visual contact with the drink and of the first sip. Only the results for the first sip

will be reported here.
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Figure 5.1 Scheme of experiment procedures.

5.2.8.1 Physiological measures

The physiological measures skin conductance response (SCR), heart rate (HR) and
skin temperature (ST) were analyzed per experimental session. SCRs were measured in
pSiemens, analyzed offline, and corrected for baseline. ST was expressed as change in

temperature over the 10 seconds relative to the temperature at t = 0.

5.2.8.2 Facial expressions

The video images of the facial expressions were processed with FaceReader 4.0 software
(Noldus Information Technology, Wageningen, The Netherlands) which determined
the facial micro-expressions based on Active Appearance Modelling (158) in each time
frame (at a frequency of 25 Hz) during 10 seconds after tasting. A more detailed
description of the science behind FaceReader can be found at: hetp://info.noldus.com/

free-white-paper-on-facereader-methodology/.

5.2.8.3 Statistical analysis

Inspection of the ANS results and facial expressions indicated largest effects during
the first five seconds of tasting. Mixed model ANOVAs were carried out with
participants as random factor and time (1-5 seconds), gender, breakfast drink and
replicate as fixed factors (IBM SPSS statistics, version 19). Partial Least Square analysis
(Unscrambler, CAMO ASA, Oslo, Norway) was used to evaluate associations between
facial expressions and ANS measures during 0.25 second intervals after stimulation
with valence and intensity of the drinks (reflected by liking and intensity ratings).
Correlation coefhicients between observed and predicted liking or intensity values were
used as indicator for the strength of associations, and regression coeflicients were used

to identify the facial expression that contribute most to these associations.
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5.3 Results

5.3.1 Physiological measurements

5.3.1.1 Skin temperature

Changes in skin temperature vary significantly with gender, drink, and replicate.
Replicate affected changes in skin temperature drink with replicate were drink-
specific (drink x rep interaction) (see Table 5.1, and Figure 5.2A). All main effects and

interactions varied with gender.

5.3.1.2 Heart rate

Heart rates increase during the first seconds of tasting followed by a gradual decrease.
Heart rate frequency varies significantly with drink (see Table 5.1, and Figure 5.2B).
Gender affected heart rate both as main effect and in interaction with drink, replicate

and time.

5.3.1.3 Skin conductance responses

Instead of the expected rise and subsequent decline of SCR during tasting, only decline
is observed in this study. Skin conductance responses are not affected significantly by
drink or replicate (see Table 5.1 and Figure 5.2C).

5.3.1.4 Facial expressions

The temporal development of facial expressions during tasting is summarized in Figure
5.3 based on the averaged values across drinks and replicates. Some expressions such
as happiness, neutral, and surprise show an initial increase after tasting that reaches
a maximum at intervals between 0.5 second (surprise) and 4 seconds (happiness).
In contrast, expressions of disgust continue to increase over at least 7 seconds. Other
expressions such as sadness, scared, and angry show an initial decrease that reaches
a minimum between 1.5 (sadness) and 3 seconds (scared). The initial increase or
decrease is either followed by a return to baseline (sadness, scared, surprised), a decrease

(happiness, neutral) or an increase (angry).

All facial expressions varied with drink, either as main effect (neutral, happy, angry,
surprised and scared) and/or in interaction with time (angry, surprised, scared, sad
and disgust). Neutral, happy and sad expressions varied with replicate either as main
effect (happy) or in interaction with the participant’s gender (neutral and sad). All

expressions, except surprise, varied significant with gender (see Table 5.1).
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Figure 5.2 Changes in ANS measures during tasting of five breakfast drinks. Results of (A) Skin
temperature, (B) Heart rate, and (C) Skin conductance responses are averaged across participants

and replicates.
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Figure 5.3 Facial expressions averaged across participants, breakfast drinks and replicates, during
10 seconds of tasting.

5.3.2 Liking and intensity

Liking scores did not vary with breakfast drinks, replicate or their interaction (see
Table 5.2). Intensities did vary with breakfast drink (F(5, 31) = 2.6, p = 0.04), replicate
(F(1,31) = 5.8, p=0.02) and their interaction (F(5, 31) = 3.5, p < 0.01 (see Table 5.3).

5.3.3 Liking and intensity scores versus other measures

Despite the fact that liking scores did not vary systematically between drinks and/or
replicates, they still showed some variation (between 4.7 and 6.5 on a 10 point ratings
scale). Partial least square analysis was used to verify systematic relations between
liking scores and physiological measurements and facial expressions at various intervals
during tasting. The degree of correspondence between the observed liking scores
and the ones predicted from the PLS models, expressed by correlation coefficients,
gradually decreased from 0.51 (after 1 second of tasting) to 0.39 and 0.47 (respectively
after 3 and 4 seconds of tasting) (critical correlation coefhicient (p = 0.05) is 0.40 (n =
25). The contribution of facial expressions and ANS measures to liking was reflected

by the PLS regression coefhcients shown in Figure 5.4A. Liking scores were positively
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associated with increased heart rate, skin temperature, to a lesser degree with increased
skin conductance, and with neutral facial expressions. Liking scores were negative

associated with all other facial expressions, including those of happiness.

Table 5.2 Liking scores (SD) per breakfast drink and replicate averaged across participants.

Replication FO-Sin FO-BV GM-Pea GM-Sin GM-Str
1 5.8 (1.8) 5.0 (1.9) 5.9 (1.4) 5.9 (1.4) 6.1 (1.6)
2 5.4 (1.8) 5.3 (2.0) 5.6 (1.5) 5.5 (1.4) 6.5(1.2)
3 5.3 (1.7) 5.3 (1.9) 5.6 (1.3) 5.5 (1.5) 5.9 (1.5)
4 5.3 (1.7) 5.0 (1.6) 5.1 (1.7) 5.4 (1.4) 6.2 (1.8)
5 5.7 (2.0) 4.7 (1.8) 5.0 (2.2) 5.5 (1.8) 6.2 (1.4)

Table 5.3 Intensity scores (SD) per breakfast drink and replicate averaged across participants.

Replication FO-Sin FO-BV GM-Pea GM-Sin GM-Str
1 6.0 (1.0) 5.4 (1.4) 6.0 (0.9) 6.1(1.1) 5.7 (1.6)
2 6.4 (1.5) 5.7 (1.2) 5.4 (1.3) 6.2 (1.0) 6.3 (1.0
3 6.4 (1.2) 6.2 (1.2) 5.6 (1.0) 6.2 (1.3) 5.9 (1.4)
4 6.4 (1.2) 6.4 (1.2) 5.6 (1.1) 6.0 (1.0) 6.2 (1.1)
5 6.8 (0.9) 6.4 (1.4) 6.0 (1.5) 6.0 (1.3) 5.7 (1.2)

Liking scores were best predicted from facial expressions during the first replicate,
i.e., the observed and predicted liking scores were most similar for the first replicate.
During subsequent replicates the average deviation between observed and predicted

liking scores grew from 2% (replicate 1) to 9% (replicate 5).

The degree of correspondence between the observed intensity scores and the ones
predicted from the PLS models grows from 0.47 for the first second to 0.62 for the
second second after which it gradually decreases to 0.55 for the fourth second (critical
correlation coefficient (p = 0.05) is 0.40 (n = 25). Intensity scores were negatively

associated with skin temperature and to a lesser degree with heart rate, and with
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expressions of happiness, disgust, and scared. Intensity scores were positively associated
with skin conductance, and with expressions of neutral, surprise, sad and anger (see

Figure 5.4B)

Similar to liking scores, intensity scores were best predicted from facial expressions
during the first replicate. During subsequent replicates the average deviation between

observed and predicted intensity scores grew from 2% (replicate 1) to 5% (replicate 5).
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Figure 5.4 Regression coefficients from the partial least squares analysis. ANS measures and facial
expressions during 1-4 seconds of tasting are dependent variables. (A) Liking or (B) intensity is
independent variables.
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5.4 Discussion

The study used facial expressions and ANS responses to verify systematic differences
between similar and well-liked breakfast drinks, and to explore associations with
liking and intensity. Whereas liking scores, the traditional sensory tool to measure
product ‘performance’, failed to show systematic differences between drinks and/or
replicates, physiological ANS measures and facial expressions were sensitive enough to
demonstrate differences between drinks and between replicates. The relevance of the
differences between liking results and ANS/facial expression results is unclear. Liking
scores are probably not the gold standard for the prediction of success of new market
introductions because most new food introductions disappear from the market despite
high liking scores in prior sensory and marketing tests. Whether ANS/facial expression
results offer better predictions remains to be tested, for example with exact sales data

per drink. Unfortunately, sales data are typically not available to researchers.

ANS responses and facial expressions proved to be highly dynamical over time with
specific time courses for each measure. Heart rate initially increased followed by a
decrease, skin temperature either increased or decreased dependent on the breakfast
drink, whereas skin conductance typically decreased. Facial expressions proved to
be even more dynamical both in terms of their time course and in their magnitude.
Early facial expressions are for example dominated by neutral and surprise whereas
later expressions are dominated by disgust. The dynamical nature of the responses
may be related to their association with liking and intensity; relatively early responses
(after approximately 1 second of tasting) show strongest associations with liking scores
obtained afterwards whereas somewhat later responses (after approximately 2 seconds)
showed strongest associations with intensity scores. These results suggest that different
aspects of the stimuli are processed - or appraised - at different times. These results are
in line with results from other studies showing for example that relevance appraisal
precedes goal conduciveness appraisal (88) and novelty appraisal precedes pleasantness
appraisal (50) providing support for current models of emotions by Scherer and

colleagues (49).
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Liking was positively associated with neutral expressions and negatively associated
with facial expressions of sadness, anger, surprise, and scared. This supports previous
findings of Zeinstra et al. (79) who demonstrated that facial expressions reflected
disliking but not liking of stimuli. Unexpectedly, liking and ANS parameters are also
negatively associated with expressions of happiness, i.e., reduced liking is associated
with more facial expressions of happiness. Facial expressions of happiness are rarely
displayed when one is alone and social interactions are absent suggesting that these
expressions serve a social function (67,135). The fact that they did occur in this study
in the presence of experimental staff suggests that the happy facial expressions may
serve some kind of social signaling function, e.g., to signal the staff that one is OK

despite the previous display of for example negative expressions.

Liking was positively associated with heart rate and skin temperature which is in line
with previous research that demonstrated a positive association between these ANS
parameters and positive emotions of joy (93). The positive association between heart
rate and liking found for consumed foods in the present study contradicts previous
findings for odors where odor pleasantness is typically inversely related to heart rate
(82). Kreibig’s review (93) already demonstrates that interpretation of patterns in ANS
results is typically not straight-forward but dependent on factors such as task demands
and stimulus modality. For example, our findings show that consumption of as little
as one sip already increases heart rate by 10-14 beats/min, irrespective of the drink,
whereas sniffing an odor led to much smaller increases for unpleasant odors (3-4 beats/
min) and unchanged heart rates for pleasant odors (82). These different patterns make

a direct comparison of results across modalities difficult.

Very different associations were found for intensity scores. Higher intensities were
associated with lower heart rate and skin temperature, patterns that had been
associated by others to negative emotions of fear, disgust, sadness, anger and anxiety
(93). In the present study, higher intensities also resulted in more facial expressions
signaling negative emotions such as sadness and anger, but also with more neutral and
surprised expressions and fewer expressions of happiness, scared and disgust. Hence,
facial expressions and ANS results are partly inconsistent in the case of intensities for

unknown reasons.
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Skin conductance and temperature responses suggest that participants not only
respond to the actual taste of the breakfast drink but also to the preceding image of
the product; the typical ascending phase followed by the descending phase of skin
conductance responses is absent in our taste responses suggesting that participants
already anticipated the taste during the preceding image of the drink. Similarly, skin
temperatures already differ between breakfast drinks at the start of tasting suggesting
pre-tasting effects of the preceding images. These pre-tasting effects should be weakest
during the first replicate when image-taste associations are relatively new, and should
grow stronger with each additional replicate. Indeed, our results demonstrate that
facial expressions and ANS responses during tasting best predict liking and intensity
for the first replicate and that predictions become poorer with additional replicates. We
hypothesize that with stronger image-taste associations participants probably respond
more and more to the image of the breakfast drink and less and less to the taste itself;
i.e., they have learnt the expected taste from the images. According to this hypothesis,
the association between facial expressions/ANS responses and intensity/liking should
shift with increasing replicates from responses during tasting to responses during
viewing, but this was not tested in this study. Pre-tasting anticipatory responses to
visual food stimuli have been investigated previously before where it was demonstrated
that facial expressions and ANS responses to visual foods reflected the anticipation of

participants to either view, smell, or taste the foods (6).

Contributions to the prediction of market success may not be the only reason for selection
of physiological measures and/or facial expressions. These measures offer advantages
over other more traditional measures because they are relatively fast (typically a matter
of seconds rather than minutes as required for questionnaires) which facilitates linkage
to specific phases of product-consumer interactions. In addition, these measures may
reflect processes that consumers are not even aware of, and that are therefore difficult
to capture with questionnaires, but which may contribute to consumer decisions.
On the other hand, facial responses and physiological measurements are technically
more challenging than questionnaires and applications are therefore more suitable for

laboratory than for real-life.
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In conclusion: ANS measures and facial expressions differentiate between repeated
exposures to members of a homogeneous group of well-liked breakfast drinks. Relatively
fast responses show mostly differentiation based on liking, whereas somewhat later
responses show mostly differentiation based on intensity. ANS responses and facial
expressions may contribute to the development of new food products that are not only

initially liked, but that are also liked over the long term.
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Chapter 6

Abstract

As a food is consumed, its perceived pleasantness declines compared to that of other
foods. Although this phenomenon, referred to as sensory-specific satiety, is well-
established by means of measuring food intake and pleasantness ratings, this study was
aimed at gaining more insight into the mechanisms that underlie such cognitive output
behavior using two measures used in (food) emotion research, namely Autonomic
Nervous System (ANS) responses and facial expressions. Twenty-four healthy female
participants visited four times in a hungry state, in which they received 4 different
semi-liquid meals (2 sweet and 2 savory) delivered via a time-controlled pump leading
to sensory-specific satiety. Before and after the meals they were presented with a sip
of all four different test meals where ANS responses (heart rate, skin conductance
and skin temperature) and facial expressions were recorded. As expected, pleasantness
ratings showed a significant decrease after eating the same meal or a meal similar in
taste (sweet or savory) (p < 0.001), and less decrease after eating a meals with a different
taste. In general, consumption of the test meals resulted in increased heart rate, reduced
skin conductance and skin temperature, as well as intensified anger and disgusted
facial expressions (p < 0.05). In addition, skin conductance, skin temperature, sad and
angry expressions also showed effects reflecting sensory-specific satiety. In conclusion,
ANS responses and facial expressions indicate that sensory specific satiety of foods (1)
not only reduces the food’s pleasantness but also arousal and (2) are possibly mediated

by changes in food emotions.
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6.1 Introduction

In the modern world, where food is plentiful, cheap and energy-dense, we eat not only
to fulfil nutritional needs, but also for pleasure. Sensory cues, such as taste, smell and
sight of food, contribute a great deal to such pleasure derived from eating. Sensory
characteristics and their subsequent physiological and neurobiological effects are thus
important determinants in regulating when, what and how much we eat (159,160).
However, unlike nutritional composition, pleasantness or hedonic value is not a fixed
property of a food, but a momentary evaluation which can change with experience
(161). The pleasantness of a food (or similar foods) decreases during and shortly after
consumption, whereas the pleasantness of other dissimilar foods not consumed remains
unchanged or decreases much less. This phenomenon was first reported by Rolls and
her colleagues (10) in humans. They found that the rapid decline in pleasantness
accompanying ingestion depended more on the sensory properties of foods than on
the nutrient composition or post-ingestive effects. As a result, they coined the term
‘sensory-specific satiety’. Sensory-specific satiety may thus contribute to the termination
of eating due to decreased pleasantness of a single food (162), but may also enhance
intake through a composite meal (11,163). So far, taste (164), olfactory (16), texture
(165) and appearance-specific satiety (166) have been demonstrated.

The decrease in pleasantness is not the only consequence of consumption. Consumption
also leads to sensations of fullness which have physical and psychological components
(167-169). Fullness has been described by physical components such as the feeling of
something in the stomach and stretch in the stomach, and by psychological components
such as satisfaction, comfort, and ability to focus on tasks (170). Self-reported satiety
measures have included scales related to hunger and fullness feelings, desires to eat,
prospective consumption, and satisfaction. In contrast, sensory-specific satiety has
mainly been investigated using pleasantness ratings, subsequent food intake and few
neuroimaging studies (171,172). All in all, satiety and sensory-specific satiety may
comprise of a multitude of feelings that cannot be fully captured with such (limited)

self-report measures that are frequently used.

Alternative measures that are not based on self-report but on facial expressions or on

responses of the autonomic nervous system (ANS) have not yet been used in studies

93




Chapter 6

of satiety and sensory-specific satiety, but may prove to be relevant. Facial expressions
and ANS responses have been extensively used in emotion studies. As alluded to above,
emotional responses play an important role in eating behavior in everyday life (29),
both consciously and unconsciously. One way to investigate such emotional responses
is through measuring facial expressions (67). Steiner (71) already documented that
newborns could clearly show their emotional responses to liked or disliked taste
through facial expressions. Furthermore, autonomic nervous system responses can
also distinguish among emotions, as reported by Ekman (42). Previous studies (6,81-
83) demonstrated that foods or food cues that were liked or disliked by participants
elicited differential responses of the Autonomic Nervous System (ANS) as well as
different emotional responses measured by facial expressions. It was concluded that
autonomic responses provide additional information on food preferences relative to
more traditional hedonic tests. Facial expressions may reflect internal appraisals going
on in the body during evaluating (anticipated) food, while the autonomic nervous
system can be considered a goal-directed system, and can thus act as an intermediate
between internal emotional feelings, and external output behavior (such as liking
responses, or the decision to continue or stop eating). Therefore, both ANS responses
and facial expressions may provide additional insights into the mechanisms underlying

sensory-specific satiety.

The present study assessed the effects of sensory specific satiety with traditional
hedonic measures, as well as with facial expressions and ANS responses. The following
hypotheses were tested:

1. ANS responses and facial expressions change with consumption. No changes
would indicate that these responses do not reflect sensory-specific satiety.

2. ANS responses and facial expressions change with consumption but the result
patterns are different than found for the hedonic measures. In this case ANS
responses and facial expressions reflect satiety but not sensory-specific satiety.

3. ANS responses and facial expressions change with consumption and show similar
result patterns as found for hedonic measures. In this case, ANS measures and

facial expressions reflect satiety and sensory-specific satiety.
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6.2 Material and methods

6.2.1 Experimental design

The study design was a within-subject counterbalanced cross-over intervention
experiment with four semi-liquid foods used to induce and assess sensory-specific
satiety (see Figure 6.1). All participants visited four times. In each visit, participants
first tasted single sips of four test foods (two sweet, two savory, see Table 6.1) before
they consumed one of the four foods until pleasantly satiated by means of time-
controlled consumption. Finally, they tasted single sips of the four test foods again.
Before, during and after consumption, pleasantness, emotional and physiological

measures were taken in response to tasting a sip of the four different test foods.
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Figure 6.1 Schematic representation of the experimental procedure followed during one experimental
session. In total, participants took part in 4 sessions; in each of them they received a different test food
to eat until pleasantly satiated.

6.2.2 Participants

Twenty-four females were recruited from the participant pools of Food and Biobased
Research and the Division of Human Nutrition, part of Wageningen University and
Research Centre. Participants were self-reported healthy, had a normal weight (BMI
18.5-25 kg/m?, mean + SD 21.2 kg/m? + 1.7), and were aged between 18 and 32
years (mean + SD 23.0 years + 3.4). Exclusion criteria were disliking any of the foods
used in the study (pleasantness score < 5 on a 9-point hedonic scale), restrained eating
(Dutch Eating Behavior Questionnaire (DEBQ) score > 2.79), gained or lost > 5 kg

weight during the last year, having a lack of appetite, smoking, having gastrointestinal
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illness, having diabetes, having thyroid disease or any other endocrine disorder, having
hypertension, suffering from kidney diseases and being pregnant or giving breast
feeding. Participants were unaware of the aim of the research. Detailed information
regarding the experiment was given and an informed consent form was signed by
all participants prior to testing. The study was approved by the Medical Ethical
Committee of the Wageningen University (NL48361.081.14).

6.2.3 Test foods

Four test foods, two sweet and two savory, had been developed previously in pilot
studies with respect to similarity in texture, serving temperature and energy density
(1 kcal/g), as well as pleasantness, familiarity and perceived thickness. Semi-liquid
foods that can be ingested through a straw without chewing were chosen to minimize
motor activity that may produce artefacts in ANS responses and facial expressions. The
recipes of the test foods used in this study are shown in Table 6.1. All of the test foods
were freshly made within 36 hours and taken out from refrigerator 1.5 hours before

each session.

6.2.4 General procedure

Participants were scheduled to always visit at the same time on test days, and were
instructed not to eat (only drink water) at least three hours before each session started.
After participants were seated in a comfortable chair and placed with electrodes for
physiological measurements, the experimenter explained the experimental procedures
and instructed participants to orient towards a laptop monitor with instructions and a
webcam at eye-level (1 m viewing distance). They were asked to face the camera while

tasting and consuming the foods to ensure recognition by the FaceReader software.

On the right-hand side of the participant, four pairs of opaque cups (numbered 1 to
8) with a straw were placed, filled with the four test foods. Participants were instructed
to take a sip from a cup and rate pleasantness and desire to eat, for all four test foods
in a randomized order. All instructions were presented on the laptop including which

cup to pick, when to sip and how to rate the questions.
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Table 6.1 Recipe (g/100g) and sensory ratings (mean + SD, based on pilot studies) of four test
foods.

Category Savory semi-liquid food Sweet semi-liquid food
Name Gazpacho Pea-spinach soup Mango smoothie Strawberry juice
Fresh Canned Frozen
Tomato juice 38.9 20.6 41.1 39.5
spinach mango strawberry
Peeled Strawberry
26.0 Canned peas 20.6 Water 23.0 29.2
cucumber juice
Sieved
11.3 Water 27.4 Fantomalt 16.1 Fantomalt 15.2
tomato
Peeled Frozen Canned
Fantomalt 9.5 16.5 115 13.2
. cucumber mango strawberry
Recipe
Grilled Quark
8.7 Sour cream 9.2 8.2 Honey 2.9
pepper (full far)
Olive oil 5.2 Olive oil 4.1 Salt 0.1
Red wine
0.3 Fantomalt 2.3
vinegar
Stock
Salt 0.1 0.4
powder
Pleasantness 5.9 1.0 6.1 1.2 7.1 1.0 7.7 1.2
Sweetness 4.6 1.5 3.2 1.6 7.0 1.0 7.5 1.6
Savoriness 6.5 1.5 6.5 1.3 2.3 1.6 2.1 1.3
Thickness 5.1 1.3 5.3 1.5 7.0 1.2 5.5 1.5

After rating all four test foods, participants were asked to rate their hunger and were
instructed to put a small tube in their mouth to start consumption. When they pressed
‘Start’, a time-controlled pump (Watson-Marlow, type 323Du, Watson-Marlow
Bredel) delivered sips of one of the four test foods to their mouth (3 g/s, 4 s duration,
12 g/sip, 15 s interval between two sips). After every three sips, participants rated their
pleasantness for the test food and indicated whether they wanted to continue eating,
until they felt comfortably satiated. Afterwards, they rated their hunger feelings again,

and repeated tasting and rating all four test foods from the cups.

During the whole session, participants’ physiological responses and facial expressions

were continuously measured.
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6.2.5 Measurements

6.2.5.1 Pleasantness and desire to eat ratings

A digital visual analog scale (VAS) of 100 mm was used to rate pleasantness (from ‘very
unpleasant’ to ‘very pleasant’), desire to eat (from ‘not at all’ to ‘very much’), hunger
(from ‘not hungry’ to ‘very hungry’), fullness (from ‘not full’ to ‘very full’), as well as

prospective consumption for the four foods (from ‘not at all’ to ‘very much’).

6.2.5.2 Physiological responses

Physiological measures were transduced using a BIOLAB (Version 3.0, Mindware
Technologies Ltd.) physiological system, designed for use in life science investigations,
and includes heart rate (HR) expressed in beats per minute, using electrodes placed on
the palm of the left hand of the participant; skin conductance level (SCL) expressed
in pSiemens measured via surface electrodes covered with electrode gel and placed
on in the palm of the left hand; skin temperature (ST) in degrees Celsius using a
surface sensor placed on the subject’s middle finger of the left hand. Electrodes were
used with a surface of 4.1 cm?® and filled with 1% Chloride wet gel. Signals were
transferred to the Acquisition Unit (16-bit A/D conversion) and stored on computer
hard disk (sampling rate 500 Hz). Electrocardiographic R waves were detected offline,
and intervals between heartbeats were converted to HR, expressed in beats per minute

(BPM). SCL activity was recorded by the constant voltage method (0.5 V).

6.2.5.3 Facial expressions

Facial expressions of participants were filmed with a Logitech C600 webcam, mounted
on top of a computer monitor placed in front of the participant. Facial expression
data were automatically analyzed using FaceReader software version 5.0 (Noldus
Information Technology B.V.). FaceReader first find an accurate position of the face
in the offline video records. Then an Active Appearance Model is used to synthesize an
artificial face model, which describes the location of 491 key points as well as the texture
of the face. Finally, the software provides the output of six basic expressions (happy,
sad, angry, surprised, scared, disgusted) and one neutral state with 89% accuracy (85)

on the basis of the Facial Action Coding System developed by Ekman and Friesen (77).
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6.2.6 Data analysis

Only tasting data collected before and after consumption to satiety were analyzed for
this paper, in order to assess effects of sensory-specific satiety. Based on the degree of
similarity between tasted and consumed food, three conditions were defined: same
taste (the tasted food was the same as the food eaten to satiety, e.g. taste gazpacho and
consume gazpacho); similar taste (the tasted food was similar in taste (sweet or savory)
to the food consumed to satiety, e.g. taste gazpacho and eat pea-spinach soup); and
different taste (the tasted food was different in taste from the food consumed to satiety,

e.g. taste gazpacho and eat mango smoothie).

The moments that test foods reached the lip of participants were marked manually as
tasting moment (T0) in the video recordings. Video data was combined with a trigger
in ObserverXT 11 software (Noldus Information Technology) each time when a test
food was tasted. Synchronization of data signals was automatic in the case of the skin
conductance level, heart rate and skin temperature and video signals. Off-line, the
close-up images of the subject’s face were then analyzed using FaceReader 5.0 software
(Noldus Information Technology), and the resulting log file were imported in the
Observer data file.

We conducted repeated measures ANOVAs (IBM SPSS Statistics 21.0, IBM
Corporation, Armonk, USA) for a 2 (type of ratings) by 2 (pre-/post-consumption) by
3 (conditions) within-subject design to compare subjective ratings of pleasantness and

desire to eat taken before and after consumption.

In order to investigate how heart rates change before and after consumption, we
extracted heart rate data within a time window of 20 s (with the tasting moment in
the middle) for both pre- and post-consumption. Before and after tasting, heart rate
showed a biphasic response, including a decreasing phase of 5 s before tasting and an
increasing phase of 5 s after tasting (see Figure 6.2). The decreased HR is during a
anticipatory phase, since participants was instructed to take the cup and put the straw
in their mouth just before sipping. Thus we took the data of an earlier time window
(-10--5 s) as baseline and subtracted it from corresponding data of the 5 s time window
after tasting. We then subtracted pre-consumption data from post-consumption, and

averaged these deltas over all participants. The averaged post minus pre consumption
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deltas were calculated for all outcome measures. We did similar calculations for skin
conductance level, skin temperature and facial expressions data except taking 5 s time

window before tasting (-5-0 s) as baseline.

Finally, Mixed Models analysis was applied (IBM SPSS Statistics 22.0, IBM
Corporation, Armonk, USA) for ANS responses and facial expressions with a 2 (pre-
and post-consumption) by 3 (same, similar and different taste conditions) within-

subject design. A p-value of 0.05 was considered significant.
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Figure 6.2 Averaged heart rate of pre- and post-consumption over 10 s before and after tasting
moment. The broken lines indicate time point of 0's, -5 s and 5 s, respectively. Error bars represent
standard error of the mean.

6.3 Results

6.3.1 Pleasantness and desire to eat ratings

Pleasantness and desire to eat ratings decreased significantly after consumption to
satiety (F (1, 23) = 89.4, p < 0.001). Moreover, there was a significant interaction
between pre-/post-consumption and conditions (F (2, 46) = 32.5, p < 0.001). Post-

hoc tests showed that both ratings declined more for the same taste condition than for
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the similar taste condition (all p < 0.001), and also declined more for the similar taste
condition than for the different taste condition (all p < 0.001, see Figure 6.3). Third,
desire to eat ratings in all conditions decreased more than the corresponding ratings in

pleasantness ratings (F (2, 46) = 7.6, p < 0.01).

»<0.01
A
[ 1
0.001 0.001
80,0 - < L
S f ) I !
S
- 70.0
e
E 60.0 -
_%f) 50.0 A
!
e J
= 40.0 W Pre
2 30.0
2 ’ m Post
<
- 20.0 -
5
& 10.0
=
& 0.0
Same taste | Similar taste |Different taste] Same taste | Similar taste |Different taste
Desire to eat Pleasantness

Figure 6.3 Pleasantness and desire to eat ratings of the same, similar and different taste conditions
for both pre- and post-consumption. Error bars represent standard error of the mean.

6.3.2 Physiological responses
Results showed that over all conditions heart rate increased significantly after
consumption (F (1, 134) = 29.6, p < 0.001). Furthermore, compared to pre-

consumption no significant difference between conditions were found (see Figure

6.4A).

Both skin conductance level (F (1, 138) = 30.0, p < 0.001) and skin temperature
(F (1, 138) = 29.8, p < 0.001) decreased significantly after consumption to satiety.
Furthermore, both responses also showed an interaction between conditions and pre-/
post-consumption (SCL: F (2, 69) = 2.9, p = 0.019; ST: F (2, 69) = 4.4, p = 0.012).
Post-hoc tests showed that skin conductance level decreased more for the same taste
condition than the other two conditions (p < 0.05, see Figure 6.4B). Skin temperature
decreased most for the same taste condition and least for the different taste condition

(p < 0.001, see Figure 6.4C).
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Figure 6.4 Changes in (A) heart rate (B) skin conductance level (C) skin temperature for the same,
similar and different taste conditions compared to pre-consumption after subtracting from baseline.

Error bars represent standard error of the mean.

6.3.3 Facial expressions

Facial expressions before and after consumption varied in their effects. All expressions
varied with the type of test food. Expressions of anger and disgust intensified after
consumption (F (1, 138) = 18.1, p < 0.001; F (1, 138) = 8.4, p < 0.01, respectively). In
addition, angry (F (2, 69) = 7.5, p < 0.01) as well as sad (F (2, 69) = 14.6, p < 0.001)
expressions showed effects of condition (in interaction with pre-post consumption).

The condition effects on expressions of anger and sadness are shown in Figure 6.5.
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Figure 6.5 Changes of facial expression scores for the same, similar and different taste conditions
compared to pre-consumption after subtracting from baseline. Error bars represent standard error of
the mean

6.4 Discussion

The present study tested the effects of Sensory-specific Satiety (SSS) with traditional
hedonic measures, as well as with facial expressions and ANS responses to test the three
hypotheses outlined in the introduction. The traditional pleasantness measure showed
the result pattern commonly found for SSS, namely the largest decrease in pleasantness
after consumption of the same food, a smaller decrease after consumption of a similar
food and the least decrease after consumption of a different food. This demonstrates
that SSS indeed was induced in this study, at least when traditional hedonic measures
are used. Moreover, desire to eat ratings changed more than pleasantness ratings for
all conditions. This difference may reflect the distinction between processes associated
with affective versus motivational consequences of ingesting food, in short, liking versus
wanting (173). Mela (161) in a review defined ‘liking’ as the immediate experience or

anticipation of pleasure from the sensory stimulation of eating a food, and ‘desire’ or
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‘wanting’ as the intrinsic motivation to engage in eating a food. It seems plausible that
the motivation to eat declines more than the appraisal of sensory stimulation during
consumption. In addition, all of the absolute pleasantness ratings after consumption
were still above neutral, whereas the absolute desire to eat ratings declined to below
neutral, even for uneaten foods (see Figure 6.3). This distinction indicates that at the
beginning of eating, appraisals of liking and wanting were similar to each other. During
the process of consumption, however, internal motivational state may contribute more

than that of sensory stimulation to the termination of a meal.

Facial expressions and ANS responses also change with consumption which indicates
that they reflect satiety, and for specific facial expressions and ANS measures also (but
not necessarily) sensory-specific satiety. In general, consumption was associated with
increased heart rate, decreased skin conductance and skin temperature, and intensified
expressions of anger and disgust, irrespective of the specific food. Increased heart rate
had also been found in previous food studies (174-177) and probably reflects the
increased motor activity associated with eating and may be unrelated to SSS. Skin
conductance reflects arousal and reduced skin conductance and skin temperature
after consumption probably reflects the increased familiarity with the test situation
resulting in lower physiological arousal. In contrast to the lowering effect of satiety
on physiological arousal, facial expressions associated with arousal (anger and disgust)
(44,178) intensified with satiety. The differences between ANS results and facial
expressions may reflect differences between their mechanisms. Facial expressions are
rapidly changing and reflect the results of ongoing appraisals of aspects such as the
food’s novelty and pleasantness. ANS responses probably reflect a goal-directed system
that determines whether consumption is continued or stopped. This determination
is probably based on the multiple appraisals reflected by facial expressions whereby
different appraisals probably carry different (unknown) weights. These differences in
functions and mechanisms between ANS responses and facial expressions may explain
some of their apparent contradictories. In summary, however, our results suggest that
satiety results in a shift in emotions associated with shifts in the foods’ pleasantness as

well as the arousal triggered by the food.

Not only are specific ANS measures and facial expressions sensitive to variations in

satiety but also to SSS. The decrease in skin temperature and SCL are larger after
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consumption of a different food than after consumption of the same or similar food. As
skin conductance typically increases in response to novel stimuli, as orienting response,
this decrease can be interpreted as sign of familiarity, or perhaps even boredom, with
the (same) food. Similarly, facial expressions of anger and sadness after consumption
of a different food differ from the expressions after consumption of the same of similar
food. Consumption of the same or similar food is associated with reduced sadness
and intensified anger indicating a shift towards higher arousal, and may signal ‘being
fed up’ with the test food. A reversed shift towards lower arousal is observed after

consumption of a different food.

In the present study, sensory-specific satiety was induced by ad libitum consumption
in which participants were instructed to consume as much as they like. Moreover,
we adopted three tasting conditions based on the same foods, similar uneaten
foods and different uneaten foods, compared to the food consumed to satiety. This
study design allows us to disentangle effects related to satiety versus sensory-specific
satiety. Clearly, the current study used an experimental, not real-life setting, in which
participants sipped semi-liquid foods through a straw, and results may thus not be
directly translatable to real life. Despite this limitation, this setup was successful in
inducing SSS, given the explicit liking ratings. Further exploration may focus on
dynamic emotional changes during consumption in more natural eating situations.
Additionally, our used methods (e.g. FaceReader) are able to recognize basic emotions,
but not others that might be relevant in eating behavior (such as satisfaction, guilt).
However, given the novel combination of methods and study design, we feel we have

adopted a good way to start explorations in the field of emotions and eating behavior.

Taken together, the ANS results and facial expressions reflect effects of SSS that overlap
as well as expand on results of traditional hedonic measures. Similar to hedonic results,
ANS results and facial expressions show effects of SSS on the food’s pleasantness. In
addition, they show effects on the arousal triggered by the foods. Finally, results for
skin conductance and skin temperature, but not heart rate, as well as facial expressions

suggest that SSS is mediated by emotional responses.
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The aim of this thesis was to investigate the effects of food stimuli varying in sensory

modality (smell and taste), pleasantness and intensity, on emotional and physiological

responses leading up to liking appraisal. In this thesis the following research questions

are addressed:

* Can emotional and physiological responses differentiate between (and within)
liked and disliked food stimuli?

* If and how are emotional and physiological responses related to liking appraisal
of food stimuli?

* Do emotional and physiological responses reflect dynamic unfolding of liking

appraisal of food stimuli?
7.1 Main findings

The main findings described in this thesis are presented in Table 7.1. To determine how
liking and intensity are reflected in separate measures of emotional and physiological
measurement, responses to pleasant (orange) or unpleasant food odors (fish) varying
in intensity were measured discretely using pleasantness ratings, intensity ratings and
non-verbally reported emotions, as well as continuously using facial expressions and
autonomic nervous system (ANS) responses. Both non-verbal reported emotions and
emotional facial expressions were able to discriminate between the food odors with
opposing pleasantness and within the same food odor with varying intensity (chapter
2). Odor pleasantness was positively associated with neutral and surprised expressions,
and skin temperature, as well as negatively associated with disgusted expressions,
heart rate and skin conductance responses. Odor intensity was positively associated
with disgusted expressions and heart rate, as well as negatively associated with neutral
expressions (chapter 2&3). In addition, facial expressions, varying dynamically after
odor stimulation, associated best with odor valence and odor intensity at 1250 and
2000 ms, respectively. The correlation between non-verbally rated emotions and
facial expressions was greatest during the 2™ second after odor exposure (chapter 2).
Continuously measured facial expressions and ANS responses became odor-specific
at different rates over time. Neutral and disgusted facial expressions, as well as heart
rate differentiated between odors immediately after the start of the odor presentation
within half a second. Surprised, sad and scared expressions became odor specific

around 1 s after odor presentation, followed by happy expressions around 2 s. Skin
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conductance responses differentiated between odors relatively late around 4 s. Skin
temperature became odor specific either at the beginning or later phase of odor

presentation (chapter 3).

Equally intense food odors with a wider range of valence were then used to further
investigate the relation between non-verbally rated emotions, facial expressions and
ANS responses. Non-verbally reported emotions, facial expressions and ANS responses
correlated with each other best in different time windows after odor presentation:
facial expressions and ANS responses correlated best with the explicit emotions of the
arousal dimension in the 2™ second of odor presentation, whereas later ANS responses

correlated best with the explicit emotions of the valence dimension in the 4™ second

(chapter 4).

To investigate possible differences between responses to food stimuli differing in
sensory modality, facial expressions and ANS responses were measured in response to
induced by equally liked breakfast drinks. The results showed that liking was associated
with increased heart rate, skin temperature and neutral facial expressions. Intensity was
associated with decreased heart rate and skin temperature, as well as increased neutral,
sad, angry surprised facial expressions. Moreover, strongest associations with liking
were found after 1 second of tasting, whereas strongest associations with intensity were

found after 2 seconds of tasting (chapter 5).

To investigate reduced pleasantness of a single food due to consumption, semi-liquid
meals with distinct flavors were used to induce sensory-specific satiety and to compare
changes in pleasantness after eating to satiety between eaten and uneaten foods. ANS
responses, as well as facial expressions of anger and disgust were changed after eating
to satiety. Further differences between eaten and uneaten foods, suggesting effects
of sensory-specific satiety, were also reflected by changes in skin conductance, skin

temperature, as well as facial expressions of sadness and anger (chapter 6).
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Chapter 7

7.2 Discussion and interpretation of the results

7.2.1 Explicit liking and emotions

Pleasantness appraisal plays an important role in emotion processes, and has been
identified as the principal dimension of emotional responses (54). One could wonder
if it is worthwhile to investigate other aspects involved in emotional processes besides
pleasantness. Indeed, results from our studies showed that non-verbally self-reported
emotions were primarily reflecting stimuli’s valence (chapter 284). Another Study
exploring verbally and non-verbally rated emotions also showed this uni-dimensional
effect with liquid foods (62). However, consumers do not always choose or eat the
food they like, and liking ratings do not fully explain all the variance in the results,

indicating there is more to liking than a single dimension.

Several studies investigated emotional responses to food products have demonstrated
that measuring food-induced emotions may improve the discrimination between
products with similar liking ratings (58,62) and better explain choice behavior
(63,179). Dalenberg et al. (180) measured consumers’ emotional responses using the
EsSense Profile and PrEmo to differentiate between similar products from the same
product category. They found that both methods differentiated successfully between
similar groups of breakfast drinks and significantly improve food choice prediction
over merely liking scores. Results of PrEmo in this thesis also showed that non-verbally

self-reported emotions successfully discriminated between food odors that are equally

liked or disliked (chapter 28&4).

7.2.2 Facial expressions

Implicit emotion measurements chosen to use in this thesis were facial expressions,
which demonstrated to be able to discriminate between food odors with varying or
similar valence or varying in intensity (chapter 2-4), between food products with
similar valence (chapter 5), as well as to detect changes in valence of food stimuli upon

consumption (chapter 6).

In chapter 2 and 3, pleasant odors were associated with neutral and surprised expressions,
whereas unpleasant odors were associated with disgusted and angry expressions. When
more odors varying in valence were further explored, facial expressions of happiness,

sadness, surprise, scare and disgust varied significantly between odors (chapter

112



General discussion

4). During a single sip of breakfast drinks, liking was associated with neutral facial
expressions (chapter 5). In a study measuring facial expressions in response to orange
juice, Danner etal. (80) found a high negative correlation of the neutral facial expression
with disliking and a high positive correlation of angry and disgusted expressions with
disliking. However, no correlation between happy expression and pleasantness was
found either in this thesis or in other studies (79,80). Facial expressions normally
associated with positive emotions such as happiness are rarely used in response to foods.
Instead, positive food emotions are associated with neutral expressions, resulting from
the absence of negative expressions. Happy expressions indeed developed as odor-
specific in chapter 3, but relatively slower than all the other facial expressions. Possibly,
happy response may represent more communicative motives than emotions, which
thus make happiness less expressive while smelling or tasting alone and more related
to cognitive processes (67). Similarly, only negative facial expressions were related to
food consumption, with satiety reflected by facial expressions of disgust and anger, as

well as with sensory-specific satiety reflected by angry and sad expressions (chapter 6).

Facial expressions analyzed by FaceReader software include only one positive facial
expression (happy) versus four negative ones (sad, angry, scared and disgusted), plus
two neutral expressions (neutral, surprised). The relative small number of positive
facial expressions employed by FaceReader may limit its capability to distinguish
between positive emotions elicited by food stimuli, especially most food-related
emotions appearing to be mild positive as concluded by King & Meiselman (58) and
Desmet & Schifferstein (59). The result that facial expressions reflect the food odors’
arousal rather than their valence (chapter 4) is probably driven by the fact that facial
expressions to food stimuli tend to reflect only negative emotions, and thus cover only
part of the full valence spectrum. This thesis demonstrate that this is not a problem,
but probably is an accurate reflection of consumer reactions to these type of stimuli.
Finally, the number of possible facial expressions or emotional responses to our stimuli
may exceed the six expressions identified by FaceReader, which could result in incorrect

identification of some facial expressions.
7.2.3 Autonomic nervous system responses
Heart rates, skin conductance and skin temperature were used in all studies to determine

whether emotion/stimuli/valence-specific ANS patterns could be elicited. We found
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in our studies that unpleasant food odors triggered higher heart rate (chapter 3&4).
This finding is in line with other studies in the olfactory modality showing heart rate
acceleration when unpleasant odors are presented to human subjects (39,40,45,46,181).
Alaoui-Ismaili et al. (40) related various autonomic parameters to the pleasantness
of five odorants. They found that unpleasant odors were associated with increased
heart rate and longer skin conductance responses as compared to pleasant odors.
Previous research also indicated a strong correlation between arousal level and odor
intensity (45). Bensafi et al. (45) related ANS measures to rated pleasantness, arousal,
intensity and familiarity for a set of six odorants and found that their results could be
explained by two main factors: pleasantness, inversely related to heart rate; arousal,
positively related to skin conductance and rated intensity. Among food odors varying
in intensity, we did find higher skin conductance level for more intense fish odor
(chapter 3), but not for breakfast drinks (chapter 5). In addition, we also found skin
temperature associated with odor pleasantness (chapter 3) and intensity of breakfast
drinks (chapter 5). Moreover, heart rate increased after eating to satiety, which is in line
with several studies (174-177). Skin conductance and skin temperature showed effects
reflecting both satiety and sensory-specific satiety (chapter 6). Several studies showed
that food-induced emotions can elicit craving which is accompanied by autonomic
responses (174,182), but interactions between food consumption and ANS measures
are still not fully investigated. Taken together, the results show consistencies as well as
inconsistencies. Relations between specific ANS measures and factors, such as valence,

arousal and hunger/satiety are still ambiguous.

Combined heart rate, skin conductance and skin temperature responses of the
autonomic nervous system showed strong associations to valence in the 3" and the 4™
second of odor presentation in chapter 4. Individually, only skin conductance showed
a significant negative correlation, which supports the notion that the patterns across
ANS parameters are more relevant for valence/arousal/emotions than any of the single
parameter. This is in line with previous research that was summarized by Kreibig (93)
and shows that emotions are associated with specific patterns across ANS responses
rather than with individual responses. For example, an increased skin conductance
response reflects arousal than can be caused by positive as well as negative emotions. It
is only when skin conductance responses are combined with other responses that the

valence of emotions becomes apparent.
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7.2.4 Temporal development of facial expressions and ANS responses
Continuously measured facial expressions and ANS responses also showed temporal
developmentofappraisal processes for food stimuli. ANS responses and facial expressions
proved to be highly dynamic over time with specific time courses for each parameter.
For odors opposing in pleasantness, neutral and disgusted facial expressions, as well as
heart rate differentiated between (valence of) odors immediately after the start of the
odor presentation within half a second. Surprised, sad and scared expressions became
odor specific around 1 s after odor presentation, followed by happy expressions around
2 s. Skin conductance responses differentiated between odors relatively late around 4
s. Skin temperature became odor specific either at the beginning or later phase of odor

presentation (chapter 3).

Moreover, results from both odors and tastants demonstrated that facial expressions
associated strongest with valence/liking after 1 s of stimuli presentation (chapter 2&5).
Facial expressions were associated best with the valence dimension of non-verbally
reported emotions in the 2™ second of odor presentation in chapter 2, whereas with
the arousal dimension of non-verbally reported emotions in the 2™ second of odor
presentation in chapter 4. The arousal dimension was lacking probably due to the
limited number of odors tested (two) that differed strongly in valence, suggesting that
when a more complex set of test odors is used, temporal separation takes place in the

processes that result in emotions related to arousal and valence.

Based on the componential appraisal model of emotions (explained in section
1.2.1), appraisals are continuous and recursive evaluations of events, involving
several components (49,50): (a) the cognitive system responsible for appraisal of the
situation, (b) the autonomic system in charge of system regulation, (c) the motor
system responsible for communication of reaction and behavioral intention, (d) the
motivational system responsible for preparation and direction of action, and (e) the
monitor system in charge of subjective feeling. The model claims that the outcome
of each sequential evaluation changes the state of all other components, and that the
changes produced by the result of a preceding evaluation are modified by a subsequent
evaluation (48). In this thesis, we continuously measured facial expressions associated
with the motor system component that is responsible for communication of reaction

and behavioral intention, as well as ANS responses associated with the autonomic
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component in charge of system regulation, similar as investigated by Delplanque et al.
(50). They found that the earliest effects on facial muscles and heart rate occurred in
response to odor novelty detection, whereas later effects on facial muscles and heart rate
were related to odor pleasantness evaluation. Therefore, the automated reflexes to novel
and potentially dangerous stimuli may precede the later responses reflecting a conscious
processing of a sequence of different emotions, each resulting from a different appraisal
of the stimulus by the observer (49). Unfortunately, novelty or familiarity of odors
wasn’t manipulated in this thesis, which makes it difhicult to directly compare early
responses between two studies. The results of this thesis did reveal similar later effects
of odor valence where the specific timing is also not comparable due to differences in

measurement and experiment settings (chapter 4).

This postulation also has its evolutionary roots. Organisms constantly scan their
external and internal environment for the occurrence of events requiring deployment
of attention, further information processing, and possibly adaptive reaction (52).
This continuous appraisal may lead to approach or avoidance behavior. In relevance
detection, therefore, a first appraisal is related to detection of potential threat in that any
change in the ongoing flow of processed stimuli could require attention and demand
further processing. In this step, detecting a threat and reacting fast automatically before
cognitive analysis of the stimulus are of crucial value for survival. The early responses
reflecting arousal in chapter 4 may related to relevance check of situations or events. For
instance, an initial detection of a predator may elicit fast and automated responses with
a high arousal that leads to fear and subsequently avoidance behavior. Evidence has
shown that initial judgements are different and independent from hedonic evaluation
(27,142). If no threaten stimuli are detected, the organism evaluates whether a
stimulus event is likely to result in pleasure or pain in a second check. This is also in
line with our results that valence appraisal is at least after 1s of stimulus presentation.
Several studies on reaction time have demonstrated that unpleasant odor stimuli of
ecologically-relevance are detected faster and more accurate than either non-food odor
or pleasant odor (119,145). This is also partly reflected by the result in this thesis that

unpleasant odors have elicited more intense facial expressions in chapter 2.
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7.3 Methodological considerations

7.3.1 Test stimuli

The test stimuli were chosen to increase complexity over a total of four studies, from
basic and simple stimuli to more real-life consumption, with two studies using food
odors varying in valence or intensity and the other two studies using equally liked
semi-liquid foods with different flavors. Food stimuli in more than one modality could
be used to test whether the parameters used in this thesis were modality specific or not.
Facial expressions in response to both food odors and flavors prove to be associated best
with liking after 1 second of exposure and with intensity after 2 seconds of exposure
(chapter 2&5). These consistent results indicate that unfolding of liking appraisal

reflected by facial expressions can be generalized to different sensory modalities.

Moreover, to take into account the restrictions posed by the methods chose, ANS
responses and facial expressions ask for timed onsets of stimuli, which is difficult
to achieve with real foods. Also, the face must not be partially obscured by hair or
when handling samples for facial expressions measures. Thus, odors or liquid foods
that can be delivered through a straw or tube is better suited than solid foods. In
addition, motor artifacts, caused by eating and drinking, easily disturb recording of
ANS responses and facial expressions, hence make it necessary to use liquid samples

which need less processing in the mouth than solid samples.

7.3.2 Measurement tools

Responses to food stimuli were measured discretely using pleasantness ratings,
intensity ratings and non-verbal reported emotions, as well as continuously using
facial expressions and ANS responses in chapter 2-4. Pleasantness, intensity and non-
verbal reported emotions were rated after each stimulus, and may lead to boredom
due to repetition. In contrast, facial expressions and physiological responses can be
monitored simultaneously without extra effort put in by participants. Such measures
thus offer advantages over other more traditional measures, because they are relatively
fast and effortless (typically a matter of seconds rather than minutes as required for

questionnaires).
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In addition, given the novel use (and combination) of methods, there is no ‘golden
standard’ for analyzing data from studies described in this thesis, specifically when it
comes to their temporal dynamics. This also makes it difficult to compare the results
of this thesis with other studies and interpret such results. Most facial expressions
measured in this thesis are subject to very fast changes, which may thus reflect
momentary appraisal of the stimuli, whereas ANS responses develop relatively slow
and need to be compared with baseline in order to detect the direction of change
over time. Moreover, we observed that before smelling or tasting selected stimuli,
participants already show slight responses to some degree, suggesting anticipatory
responses that may draw influence on subsequent responses. To overcome these issues,
it may be better to adopt a baseline covering longer time or an earlier time window

before anticipatory phase.

Furthermore, facial expressions and physiological measurements are technically more
challenging than questionnaires. As a result, their applications are more suitable for
laboratory than for real-life. To minimize head rotation and motor artifacts caused
by eating and drinking that may affect face recognition of FaceReader software and
recordings of ANS responses, only odors and semi-liquid foods that can be delivered
by straw or tube were selected in this thesis. This setting is unlike real-life situations
due to technical limitations, thus may limit the possibility to generalize the results to

real-life behavior, though this a good step in the right direction.

7.4 Implications and suggestions for future research

This thesis investigated effects of food stimuli on emotional and physiological responses
involved in three phases, anticipation, satiation and satiety, of eating behavior. However,
the temporal development of such responses during food consumption haven’t been
fully investigated in this thesis. Since most studies on eating behavior focus on discrete
measurements that make continuous monitor of eating process without intervening
extremely difficult. Therefore, such implicit measures chosen in this thesis are of

particular usage to predict continuing consumption behavior.

Furthermore, temporal development of implicit measures like facial expressions and
ANS responses were investigated in this thesis, whereas temporal development of

explicit measures still lacks of exploration. Recently, measurement exploring temporal
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development of subjective ratings, such as Temporal Dominance of Sensations
(TDS), Temporal Dominance of Liking (TDL), Temporal Dominance of Emotions
(TDE), has been more and more reported, instead of commonly used static measures
of emotional responses (183). Thus it is valuable to combine temporal dynamics of
appraisal processes measured by implicit and explicit techniques. The comparison
and even cross-validation between two types of measures may provide more detailed

information on affective processing.

The findings of this thesis emphasize the particular importance of distinguishing
between initial and later reactions. Future research should clarify the role of initial
reactions in choice/purchase/intake behavior, especially for those expressions and
physiological responses that may change immediately after a food cue is presented.
Primary emotional responses when a stimulus is first encountered may determine
approach or avoidance behavior, i.e. whether a product on the supermarket shelf is
further inspected or ignored. These initial reactions may be based on the novelty of the

product and detected by facial expressions despite the technical challenges.

Moreover, the developments of the psychological research on intuitive thinking and
decision making have revealed that the intuitive system is characterized by operations
that are fast, automatic, effortless, implicit (not available to introspection) and often
emotionally charged and governed by habit (184). In contrast, the operations in the
reasoning system are slower, effortful, more likely to be consciously monitored and
deliberately controlled. Thus, the intuitive system that governs most of our daily doings
operates quite independently of our conscious convictions(185). This is especially the
case when there is little time or in dealings with repeated decisions like food choice and
intake (28). Visitors to supermarkets may have less than one hour to select their weekly
groceries from enormous products. This task becomes even more daunting considering
the fact that many of these selections are not planned but made in the supermarket.
Given the abundance of choices, consumers need a fast and partly automated selection
mechanism that combines affect, appraisal, action readiness and autonomic arousal.
This fast selection mechanism may be based on fast and probably automated ANS
responses and facial expressions similar to the ones explored in this thesis. These fast
responses may not only be triggered by smelling and tasting the food, but also by

seeing product packages and brand names.
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To explore real-life applications, future studies should measure ANS responses and
facial expressions in relation to consumer choice behavior. Starting with consumer
behavior assessed in the semi- real-life test environment like a virtual supermarket,
followed by real-life assessment in an actual supermarket may lead to. Such studies
will allow a proper evaluation of ANS measures and facial expressions as tools for
marketing research because their associations with consumer product interactions and

purchasing behaviors will be tested directly.
7.5  Main conclusions

Both non-verbal reported emotions and emotional facial expressions were demonstrated
to be able to discriminate between food odors differing in pleasantness and/or intensity.
Explicit and implicit emotional responses, as well as physiological patterns are related to
liking appraisals involved in smelling foods. Implicit measures such as facial expressions
and ANS responses can provide more multidimensional information for both food
odors and tastes than explicit measures and prove to be highly dynamic over time with
specific time courses. Early implicit facial and ANS responses primarily reflect emotion
arousal, whereas later ANS responses reflect emotion valence, suggesting dynamic
unfolding of different appraisals of food stimuli. Furthermore, ANS responses and
facial expressions can reflect pleasantness, satiety, and a combination of both: sensory-
specific satiety. This suggests that implicit processes play an important role in dynamic

liking appraisals with respect to eating behavior.
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Summary

Traditional liking ratings are typically seen as an important determinant in eating

behavior. However, in order to better understand eating behavior, we need to first

better understand (the dynamic and implicit features underlying) liking appraisal.

The aim of this thesis was to investigate the effects of food stimuli varying in sensory

modality (smell and taste), pleasantness and intensity, on emotional and physiological

responses leading up to liking appraisal. In this thesis the following research questions

are addressed:

* Can emotional and physiological responses differentiate between (and within)
liked and disliked food stimuli?

* If and how are emotional and physiological responses related to liking appraisal
of food stimuli?

* Do emotional and physiological responses reflect dynamic unfolding of liking

appraisal of food stimuli?

To determine how liking and intensity are reflected in separate measures of emotional
and physiological measurement, responses to pleasant (orange) or unpleasant food
odors (fish) varying in intensity were measured discretely using pleasantness ratings,
intensity ratings and non-verbally reported emotions, as well as continuously using
facial expressions and autonomic nervous system (ANS) responses. Both non-verbal
reported emotions and emotional facial expressions were able to discriminate between
the food odors with opposing pleasantness and within the same food odor with
varying intensity (chapter 2). Odor pleasantness was positively associated with neutral
and surprised expressions, and skin temperature, as well as negatively associated with
disgusted expressions, heart rate and skin conductance responses. Odor intensity was
positively associated with disgusted expressions and heart rate, as well as negatively
associated with neutral expressions (chapter 2 & 3). In addition, facial expressions,
varying dynamically after odor stimulation, associated best with odor valence and odor
intensity at 1250 and 2000 ms, respectively. The correlation between non-verbally rated
emotions and facial expressions was greatest during the 2™ second after odor exposure
(chapter 2). Continuously measured Facial expressions and ANS responses became
odor-specific at different rates over time. Neutral and disgusted facial expressions, as
well as heart rate differentiated between odors immediately after the start of the odor
presentation within half a second. Surprised, sad and scared expressions became odor

specific around 1 s after odor presentation, followed by happy expressions around 2
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s. Skin conductance responses differentiated between odors relatively late around 4 s.
Skin temperature became odor specific either at the beginning or later phase of odor

presentation (chapter 3).

Equally intense food odors with a wider range of valence were then used to further
investigate the relation between non-verbally rated emotions, facial expressions and
ANS responses. Non-verbally reported emotions, facial expressions and ANS responses
correlated with each other best in different time windows after odor presentation:
facial expressions and ANS responses correlated best with the explicit emotions of the
arousal dimension in the 2™ second of odor presentation, whereas later ANS responses

correlated best with the explicit emotions of the valence dimension in the 4™ second

(chapter 4).

To investigate possible differences between responses to food stimuli differing in
sensory modality, facial expressions and ANS responses were measured in response
to equally liked breakfast drinks. The results showed that liking was associated with
increased heart rate, skin temperature and neutral facial expressions. Intensity was
associated with decreased heart rate and skin temperature, as well as increased neutral,
sad, angry surprised facial expressions. Moreover, strongest associations with liking
were found after 1 second of tasting, whereas strongest associations with intensity were

found after 2 seconds of tasting (chapter 5).

To investigate reduced pleasantness of a single food due to consumption, semi-liquid
meals with distinct flavors were used to induce sensory-specific satiety and to compare
changes in pleasantness after eating to satiety between eaten and uneaten foods. ANS
responses, as well as facial expressions of anger and disgust were changed after eating
to satiety. Further differences between eaten and uneaten foods, suggesting effects
of sensory-specific satiety, were also reflected by changes in skin conductance, skin

temperature, as well as facial expressions of sadness and anger (chapter 6).

The general discussion (chapter 7) describes the main findings and conclusions of
this thesis. We found that both non-verbal reported emotions and emotional facial
expressions were demonstrated to be able to discriminate between food odors differing

in pleasantness and/or intensity. Explicit and implicit emotional responses, as well
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as physiological patterns are related to liking appraisals involved in smelling foods.
Implicit measures such as facial expressions and ANS responses can provide more
multidimensional information for both food odors and tastes than explicit measures
and prove to be highly dynamic over time with specific time courses. Early implicit
facial and ANS responses primarily reflect emotion arousal, whereas later ANS responses
reflect emotion valence, suggesting dynamic unfolding of different appraisals of food
stimuli. Furthermore, ANS responses and facial expressions can reflect pleasantness,
satiety, and a combination of both: sensory-specific satiety. This suggests that implicit
processes play an important role in dynamic liking appraisals with respect to eating

behavior.
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