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a b s t r a c t

The flavor of foods or oral care products can affect consumers' emotions and experience. We compared
different methods for measuring emotion evoked by flavors, including self-report measures (Self-
Assessment Manikin, or SAM and EsSense), electroencephalography (EEG), electromyography (EMG), and
cardiovascular measures (HR and HRV). The results indicate that the difference of a/b power spectral
density (PSD) ratios at AF4 and AF3 EEG channels can reflect emotion valence and produce the most
consistent result for the 3 repetitions of the same stimulus. P8 b PSD and HR are reliable and valid for
measuring emotion arousal. The two self-report measures, Self-Assessment Manikin (SAM) and selected
items in EsSense Profile, can distinguish emotion evoked by five flavors. The divergent validity of self-
reporting measures, however, is inadequate, which may be attributed to the halo effect, i.e., the strong
perception of one emotional property influences people's perception of other emotional properties.

© 2018 Published by Elsevier B.V.
1. Introduction

With the rapid proliferation of new products, customers’
emotional responses to a product has been found more and more
important to the success of product success (Helander, 2001; Hsiao
and Chen, 2006; Khalid, 2004). For oral care products, the flavor has
a direct impact on emotional responses of customers. The sense of
flavor is related to both the taste and the smell sensation. The
chemicals in these products stimulate the taste buds and smell
receptors, and the signals are sent to the insular cortex and the
olfactory bulb in the brain. Close to the insular cortex and the ol-
factory bulb, an area involving emotions, called the amygdala, also
receives signals. In this way, specific emotions are evoked by
different flavors. Flavor-evoked emotions can further influence
consumers' decisions to purchase oral care products (Damasio,
2006). The manipulation of product flavors is therefore an impor-
tant way through which designers elicit desired emotional
response from consumers.

To design product flavors that evoke specific positive emotions,
being able to measure flavor-evoked emotions is an important step.
Emotions, however, are complicated and difficult to measure
accurately. So far, self-report measures are the most widely used
tool. They are good for assessing mixed emotions and gathering
rich interpretable opinions from consumers at low costs (Desmet,
2003; Paulhus and Vazire, 2007). To depict an accurate and
comprehensive picture of customers' emotional response to a fla-
vor, however, self-reporting measures have a couple of limitations.
First, self-report measures cannot measure the emotion at exactly
the moment when the emotion is evoked, whereas flavor-evoked
emotion decays in seconds. Second, flavor stimuli can evoke un-
conscious or subtle emotion changes. Such subtle emotions may
induce subliminal facial expressions, activate amygdala and other
brain areas, and evoke skin conductance responses. But it is difficult
to measure these by self-reporting because customers are not
conscious of them (Berridge and Winkielman, 2003). Third, the
results from self-reporting methods are affected by individual
characteristics, such as cultural backgrounds (Desmet, 2003), one's
the ability of reading and comprehension, and the ability to detect
and be aware of one's emotions (Lane et al., 1997; Mauss and
Robinson, 2009). These factors may confound self-reporting re-
sults. In addition, people may not be able to accurately describe
their emotional feelings or they may deliberately modify their
opinions if they do not want to express their true feelings, feel
inhabited, or are unconsciously influenced by the circumstance,
e.g., the experimenter and the design of questions (Mauss and
Robinson, 2009; Paulhus and John, 1998; Czerwinski et al., 2001;
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Nielsen and Levy, 1994).
To seek alternative measurement of emotions, a number of re-

searchers have endeavored to develop emotion measures based on
people's psychophysiological responses to the product (Guo et al.,
2016; Hill and Bohil, 2016; Laparra-Hern�andez et al., 2009; Lee
and Cho, 2009; Liu and Sourina, 2012; Peck et al., 2013; Qie et al.,
2017; van den Broek and Westerink, 2009). The underlying ratio-
nale is straightforward: psychophysiological measures directly ac-
cess people's primary response to an emotional stimulus without
involving conscious processes (Kramer, 2006; Motte, 2009;
Trimmel et al., 2009). By monitoring directly psychophysiological
responses, we may infer about their emotional state. A major
advantage of psychophysiological measures is that people cannot
easily control their physiological signals voluntarily. In addition,
they provide a continuous and real-time description of consumers'
internal state, which is not possible with self-reporting methods,
which are in nature retrospective.

Commonly used physiological measures for emotions include
central nervous systemmeasures (e.g., electroencephalography and
neuroimaging), peripheral nervous system measures (e.g., skin
conductance responses, heart rate, and heart rate variability), and
facial measures (e.g., facial expressions and electromyography)
(Mauss and Robinson, 2009). The feasibility of using these physi-
ological methods to measure flavor-related emotions has been
explored by a number of researchers (Brown et al., 2012; Hu et al.,
1999; Park et al., 2011). These studies, however, focused on one to
two specific physiological measures, used different flavor stimuli,
and adopted different criteria for assessing the effectiveness of
measurements. Thus, there is not a common ground for comparing
these measures in terms of (1) the sensitivity to the difference in
flavors used in foods and oral products, (2) the reliability to produce
consistent results for the same stimulus, and (3) the validity to
measure flavor-related emotions. Such knowledge is useful for
flavor designers to choose suitable measures when evaluating
products.

To address this void, this study compared self-report measures,
EEG (electroencephalography), EMG (electromyography), heart
rate (HR), and heart rate variability (HRV) in terms of their capa-
bility to measure emotion evoked by flavors. We collected 24 par-
ticipants' emotional response to five flavors that are common in
oral care products. The EEG, EMG, HR, and HRV were evaluated in
terms of (1) the sensitivity to distinguish emotions evoked by fla-
vors, (2) the reliability, and (3) the validity to reflect flavor-evoked
emotions. Furthermore, by incorporating physiological measures,
we attempted to develop an integrative model that can predict
consumers’ overall attitude towards and purchase intention of oral
products.

2. Literature review

2.1. Theoretical model of emotions

A widely used model to describe emotions is the valence and
arousal model proposed by Russell (1979). This model depicts
emotions from the perspectives of valence (the direction of
behavioral activation associated with emotion, either toward
(positive) or away from (negative) a stimulus), and arousal (the
extent or amount of physical response, from low to high). For
example, the emotion of “happiness” is characterized by positive
valence and high arousal. Using this model, however, “surprise” is
also defined as a positive valence and high arousal emotion, though
the two emotions are largely different. Mehrabian (1980) expanded
this model by adding a dominance dimension (a feeling of being in
control to a feeling of being controlled) and proposed the valence-
arousal-dominance (VAD) mode. Using this model, “happiness” is
defined as a positive, high arousal, high dominance emotion,
whereas “surprise” is defined as a positive, high arousal, low
dominance emotion.

2.2. Measures of emotion

Emotion measures fall into mainly two categories: self-report
measures and physiological measures. By building upon VAD
models, researchers have developed a number of emotion in-
struments, such as the Self-Assessment Manikin (SAM) (Hodes
et al., 1985) and PAD (pleasure arousal dominance) emotion
scales (Mehrabian,1995). They assess emotions from the three state
dimensions e pleasure (valence), arousal and dominance. Other
emotion instruments, such as the Geneva Emotions Wheel
(Scherer, 2005) and the Product Emotion Measurement instrument
(PrEmo) (Desmet, 2003), measure emotional responses by directly
specifying emotions such as “desired”, “inspired”, “satisfied”, and
“bored”. In addition, researchers from different product domains
developed specific instruments for typical emotions evoked by a
specific type of stimuli, such as GEMS-25 (Zentner et al., 2008) for
music-evoked emotions and ScentMove (Porcherot et al., 2010) for
odor-evoked emotions. To measure emotion evoked by flavors,
King and Meiselman developed the EsSense Profile (2010), which
contains 39 terms (35 positive and 4 negative terms, such as
“pleasant” and “disgusted”). The EsSense Profile has been widely
applied in measuring emotion evoked by flavors of foods and
beverages (de Wijk et al., 2012; Ferrarini et al., 2010).

Among physiological measures, EEG measures have attracted
the most research attention. Traditionally, the feature extraction
and electrode selection are based on neuro-scientific assumptions.
Neurology and clinical research has indicated associations between
emotional states and EEG powers in various frequency bands. Beta
waves have been found to be associated with an active state of
mind, whereas alpha waves are more dominated in a relaxed state.
Therefore, prior research has used high levels of bwave power, low
levels of a wave power, or large ratios of b/a to indicate high-level
arousal (Choppin, 2000; Bos, 2006). Neurology findings suggests
that hemispherical asymmetry can reflect emotion valence
(Schmidt and Trainor, 2001). Left frontal inactivation indicates a
withdrawal response and a negative emotion, whereas right frontal
inactivation indicates an approach response and a positive emotion.
Researchers have developed a number of measures of the asym-
metry of a and b band power in the two hemispheres to indicate
emotion valence (Bos, 2006; Brown et al., 2012; Davidson, 1992;
Niemic andWarren, 2002). Davidson (1992) and Brown et al. (2012)
measured valence using the differential asymmetry, e.g., the dif-
ference in awave power between the left and right hemispheres of
the frontal lobe. Bos (2006) measured valence using the rational
asymmetry, e.g., the ratios of alpha or beta wave power between
the left and right hemispheres. Furthemore, Ramirez and
Vamvakousis (2012) estimated valence values by comparing the
difference of a/b ratio between left and right hemispheres. In
addition to this neuro-scientific approach for feature extraction and
electrode selection, some researchers adopted a data-driven
approach by applying computational methods (e.g., machine
learning) to optimize the selection of features and electrodes from a
vast amount of possible features captured by advanced signal
processing technologies. Some advanced feature extraction
methods, such as fractal dimension features (Liu and Sourina, 2012;
Liu et al., 2011; Sourina and Liu, 2011), higher order crossings
(Petrantonakis and Hadjileontiadis, 2010) and higher order spectra
(Jenke et al., 2014) have been developed and found successful ap-
plications in emotion recognition.

EEG has been used to measure taste-related emotions in a
limited number of studies. Park et al. (2011) used EEG to monitor
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negative, neutral, or positive emotions elicited by food tastes. They
recognized emotion for each participant separately, using the
common spatial pattern features of EEG signals from six electrodes
and a support vector machine. The average accuracy of individual
emotion classificationwas 70%. Brown et al. (2012) used the a band
power at F3, F4 and Fz to measure the consumers’ preference be-
tween beverages from two brands, but found no difference.
Therefore, further verification is still required about whether EEG
can be used to effectively measure flavor-evoked emotions.

Another family of physiological measures for emotions is that of
cardiovascular measures. Emotional arousal spreads through the
peripheral/autonomic nervous system. This increases the heart rate
(Appelhans and Luecken, 2006). Heart rate variabilitydthe varia-
tion in the beat-to-beat intervaldhas been found to be an indicator
of one's ability to recognize emotions (Quintana et al., 2012).
Because the peripheral nervous system plays a role in both pleasant
and unpleasant emotions (Gellhorn, 1970; Kling, 1933), there is no
consistent conclusion regarding the relation between HR, HRV and
emotion valence. Most empirical studies using cardiovascular
measures examine the relation between HR, HRV and specific
emotions. Kreibig (2010) review of 134 publications summarized
experimental investigations of specific emotional effects on auto-
nomic nervous system response and found that HR was increased
for both negative (anger, anxiety, contamination-related disgust,
embarrassment, fear, crying sadness) and positive emotions
(imagined anticipatory pleasure, happiness, joy) as well as for
surprise. Increased HRV may indicate contamination-related
disgust, amusement and joy, whereas decreased HRV may indi-
cate happiness and visual anticipatory pleasure.

Emotions can also be reflected by people's facial expressions.
Another measure on face is EMG. Facial expressions can be
motioned by EMG, as they are caused by the contraction of facial
muscles. Negative emotions make people frown, which can be re-
flected by the activities of the corrugator muscle, while positive
emotions make people smile, which can be reflected by the activ-
ities of zygomatic muscles (Cacioppo et al., 1986; Dimberg, 1990;
Lang et al., 1993; Laparra-Hern�andez et al., 2009; Warrenburg,
2005). Facial EMG is particularly useful in studies of emotions
that are soweak that it is difficult to visually detect changes in facial
expressions so that facial action coding is insensitive (Cacioppo
et al., 1986). This technique has been applied to detect product-
related emotions (Laparra-Hern�andez et al., 2009; van den Broek
and Westerink, 2009).

3. Method

3.1. Participants

We recruited 24 Chinese students (14 females and 10 males)
from Tsinghua University. They were aged from 19 to 27 years old
(M¼ 23, SD¼ 2) with no gustatory or olfactory perception
impairment, or neurological or psychiatric disorders. They were all
right-handed to avoid likely individual differences of the dominant
hemisphere (Provins and Cunliffe, 1972).

3.2. Stimuli

Commonly used flavors in oral products in the market fall into
five categories: mint, herbal, fruit, spices, and floral flavors. First, 11
flavors from the five categories were chosen by an expert in oral
care products from P & G Technologies (Beijing) Ltd. We conducted
a pilot study to collect emotional responses to these flavors with 13
Chinese participants (6 females and 7 males). Based on the pilot
study results, we chose stimuli for the formal experiment in the
following way: one flavor in each category needed to be included
and the discrimination in participants’ attitudes towards stimuli
had to be as large as possible. They were peppermint, wintergreen,
grapefruit, clove, and rose. Each 100 g stimulus solution contained
0.08 g Tween 80, 0.016 g saccharin sodium salt, 0.5 g propylene
glycol, essential oil of a flavor (0.04 g for peppermint and grapefruit,
0.06 g for wintergreen, and 0.02 g for clove and rose), and pure
water.

3.3. Measures

3.3.1. Self-report measures

� Valence, arousal, and dominance: Three emotion dimensions
in the VAD model were measured by the Self-Assessment
Manikin (SAM) (Hodes et al., 1985), which was a pictorial 9-
point instrument directly assessing the valence (1 for
extremely pleasant and 9 for extremely unpleasant), arousal (1
for extremely aroused and 9 for extremely calm) and dominance
dimensions (1 for totally controlled and 9 for totally in control).
SAM is cross-cultural, concise and convenient (Bradley and Lang,
1994) and widely used in many emotion measurement situa-
tions (Liu et al., 2011; Valenza et al., 2014). In addition, the scores
of emotion dimensions reported by respondents can be used to
validate physiological measures.

� Specific emotions: six items from the EsSense Profile (King and
Meiselman, 2010) were used. The original scale contained 39
items, measured by a five-point intensity scale from 1¼ “not at
all” to 5¼ “extremely”. Some items in this scale, however, were
hard to understand in the oral care product context, and some
items were difficult to be differentiated from each other for
Chinese participants. In the pilot study, we found six items, i.e.,
“aggressive”, “disgusted”, “good”, “loving”, “pleasant”, and
“worried”, could well distinguish emotions evoked by different
flavors in oral care products. Therefore, we adopted these 6
items in the formal experiment.

� Perception of flavors: What participants think about the flavor
is useful for brand or product positioning. Perception of stimuli
was measured by 10 items describing features of oral care
products, namely “confident”, “refreshing”, “premium”, “natu-
ral”, “familiar”, “functional”, “professional”, “fashionable”,
“classic”, and “unique”, which were developed by two experts of
oral care product designs in P & G Technologies (Beijing) Ltd. All
items were measured using a five-point scale (1¼ “not at all”,
and 5¼ “extremely”).

� Overall attitude and purchase behavior intention: Overall
attitude towards a flavor was measured by a 5-point Likert scale
with one item “I like this flavor”. Purchase behavior intention
was measured on a 5-point Likert scale with one item “I would
like to purchase oral care products with this flavor”.
3.3.2. EEG
In this study, we followed the neuro-scientific approach rather

than the data-driven approach for the following reasons. First, EEG
band power features were the most commonly used in practice due
to the good expandability of the association between emotion and
EEG band power features (Coan and Allen, 2004), whereas it is
difficult, if not impossible, to explain the model generated by data-
driven methods. Second, the data-driven methods need a training
session for the classifiers. If more than two classes of valences need
to be trained, which is common in product evaluation, the training
sessions could become heavy and difficult to implement. Third,
many of the data-driven studies used subject-dependent algo-
rithms. But we are more interested in EEG features that are com-
mon across subjects (e.g., subject-independent). Therefore, we
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chose EEG spectral power features based on neuro-scientific as-
sumptions in the current study.

We collected signals with 128 Hz sample rate in 14 channels
(AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8 and AF4) by
Emotiv EPOC neuroheadset and Emotiv Testbench software. To
reduce the effect of the movement of participants’ tongues and
muscles around the mouth on brain signals, we recorded signals
after the participant had sipped the solution, closed their eyes and
kept still, instead of immediately after the participant sipped the
solution.

Two types of EEG features were extracted. First, we used the
power spectral density (PSD, refers to the spectral energy distri-
bution per unit time) of the b band in the parietal lobes, i.e., P7 and
P8, to represent the arousal of emotion. The PSD was estimated
using Welch's method. Second, we measured the valence of emo-
tions by examining the asymmetry of the PSD in the left and right
frontal lobes. Psychophysiological research has found that left
frontal inactivation indicates a withdrawal response and a negative
emotion, whereas right frontal inactivation indicates an approach
response and a positive emotion. Because high alpha activity and
low beta activity are two indicators of low brain activity, the alpha/
beta ratio is a reasonable indicator of the inactivation state of mind
(Bos, 2006). We compared the difference in inactivation between
right and left hemisphere and used the differential value as the
indicator of valence:

positive valence ¼ a PSDright

b PSDright
� a PSDleft

b PSDleft
(1)

where “right” and “left” denote the symmetric pairs of electrodes
on the left/right hemisphere, i.e. AF4 and AF3, F4 and F3, F8 and F7,
and FC6 and FC5 in our study. It should be noted that the differ-
ential value is an indicator of relative positivity of emotions.
Whereas a high value indicates more positive emotions, the sign of
the value (positive or negative) does not mean that the emotion is
of a positive or negative valence.

3.3.3. EMG
An 8-channel biofeedback equipment (manufactured by

Thought Technology Ltd) with a sampling rate of 256Hz was used
to measure participants' zygomatic EMG (in microvolts, mV). Pre-
vious research showed that increasing zygomatic muscle activity
indicated positive emotions. Because all the flavors we examined
were supposed to induce positive emotions, we measured only
EMG of the zygomatic muscles. EMG data were collected at the
moment the participant finished sipping the liquid. To mitigate the
effects of individual difference, we gathered a participant's EMG
under the pure water condition as the baseline of the participant.
His/her EMG amplitude value under each flavor condition was
“standardized” as follows:

EMGd ¼
meanEMGamplitude in10s flavor eEMGamplitude baseline

EMGamplitude baseline

(2)

3.3.4. HR and HRV
HR and HRV data were also collected using the 8-channel

biofeedback equipment. Blood volume pulse (BVP) was gathered
at a sampling rate of 256 Hz. The electrode was placed on the
participant's thumb of the left hand. BVP data were collected at the
moment the participant finishing sipping the liquid. BVP data were
further transformed into HR and HRV. HR was the mean of re-
ciprocals of time intervals between each two peaks of BVP. HRVwas
the standard deviation of reciprocals of time intervals between
each two peaks of BVP. To mitigate the effects of individual
difference, each participant's HR and HRV under pure water con-
ditions were regarded as baselines of the participant. His/her HR
and HRV values under each flavor conditionwere “standardized” as
follows:

HRd ¼ HRflavor � HRbaseline
HRbaseline

(3)

HRVd ¼ HRVflavor � HRVbaseline

HRVbaseline
(4)

3.4. Procedure

To avoid the interference between head-mounted devices and
also to avoid intrusive feelings from the participants, we separated
participants into an EEG group and an EMG group. Twelve partic-
ipants in the EEG group were measured by questionnaire (self-
report measures), EEG, HR and HRV, whereas the 12 participants in
the EMG group were measured by questionnaire, EMG, HR and
HRV.

The experiment for each participant lasted about 1 h. Each
participant experienced six conditions: five flavors and the pure
water condition as the baseline. Each condition was replicated
three times for each participant, i.e., 18 trials ((5 flavors þ pure
water) * 3) for each participant. The order of trials was counter-
balanced to ensure that (1) different flavors were separated for each
participant, (2) that the three trials of a certain flavor had different
previous flavors for each participant, and (3) the order of flavors
were counterbalanced across participants. In each trial, the
participant sat in a comfortable chair and sipped the stimuli using a
straw. The participants in the EMG group (1) rinsed their mouth
with pure water, (2) sipped 20 ml solution and kept in the mouth
for 10 s (at the moment the participant finished taking in the liquid,
we started to record EMG and BVP) and (3) spat the solution out
and filled out the questionnaire. For the EEG measurement, to
reduce the effect of themovement of their tongues, muscles around
the mouth, and eye movements on brain signals, we recorded
signals after the participant had sat still, instead of immediately
when the participant sipped the solution. The participants in the
EEG group (1) rinsed their mouth with pure water, (2) sipped 20 ml
solution and kept it in the mouth for 10 s (at the moment the
participant finished taking in the liquid, we started to record BVP;
when he/she had closed eyes, we started to record EEG signals for
10 s) and (3) spat the solution out and filled in the questionnaire
(see Fig. 1).

4. Results

4.1. Sensitivity e Distinguish emotions evoked by different flavors

4.1.1. SAM
The sensitivities of different measurements were compared by

examining how self-report, EEG, EMG, HR and HRV could distin-
guish emotions evoked by different flavors. First, the data of SAM
violated the normality assumptions for parametric analysis,
therefore we conducted Friedman tests and Wilcoxon signed rank
tests for post hoc tests. The Friedman tests showed significant
differences among the five flavors in arousal in SAM (1e9 indicated
aroused to calm) and valence in SAM (1e9 indicated positive to
negative) (p values< .05, see Table 1). The “calm” score in SAM of
grapefruit was higher than the score of rose, peppermint and
wintergreen, and the calm scores of rose, peppermint, and win-
tergreen were higher than that of clove (p values< .05). The
“negative” score of clove in SAM was higher than the scores of
wintergreen and rose, and the negative scores of wintergreen and



Fig. 1. Procedure of each trial.

Fig. 2. The score of the six items in the EsSense Profile for specific emotions of the five
flavors.

Y. Chen et al. / International Journal of Industrial Ergonomics 66 (2018) 119e129 123
rose were higher than those of peppermint and grapefruit (p
values< .05).

4.1.2. Specific emotions
Friedman tests showed significant differences among the five

flavors in six items from the EsSense Profile for specific emotions (p
values< .01, see Fig. 2 for mean values). Wilcoxon signed rank tests
showed that the “aggressive” score of peppermint and cloves was
higher than the scores of grapefruit and rose, and the “aggressive”
score of wintergreen was higher than that of grapefruit. The
“disgusted” scores of grapefruit and peppermint were lower than
those of other flavors. The “good” and “pleasant” scores of grape-
fruit and peppermint were higher than those of other flavors. The
“loving” scores of grapefruit, peppermint and rosewere higher than
those of wintergreen and clove. The “worried” scores of grapefruit
and peppermint were lower than those of wintergreen and clove.
Table 1
Mean values, standard deviations, and results of Friedman tests for questionnaire items.

Peppermint Wintergreen Grap

Arousal in SAM (Calm) 4.90 (2.20) 4.71 (2.21) 5.82
Valence in SAM (Negative) 3.47 (1.84) 5.21 (2.13) 3.46
Dominance in SAM 5.18 (1.76) 5.11 (1.85) 4.64
Aggressive 3.18 (1.15) 2.88 (1.11) 2.46
Disgusted 1.89 (1.01) 2.75 (1.26) 1.88
Good 3.74 (0.90) 2.90 (0.89) 3.83
Loving 3.29 (1.07) 2.68 (1.03) 3.69
Pleasant 3.82 (1.09) 2.85 (1.03) 3.88
Worried 1.96 (0.91) 2.57 (1.11) 1.74
Confident 3.61 (0.85) 2.97 (0.86) 3.36
Refreshing 4.56 (0.53) 3.19 (1.00) 3.42
Premium 3.31 (0.87) 2.75 (0.90) 3.15
Natural 3.24 (1.04) 2.39 (1.03) 3.6 0
Familiar 3.72 (1.08) 2.71 (1.05) 3.68
Functional 4.01 (0.72) 3.11 (1.00) 3.26
Professional 3.71 (0.91) 2.99 (1.03) 3.12
Fashionable 2.97 (0.87) 2.53 (0.90) 3.19
Classic 3.88 (0.99) 2.61 (1.07) 2.97
Unique 2.71 (0.96) 3.26 (1.06) 2.96
Overall attitude (Like) 3.67 (1.06) 2.44 (1.02) 3.75
Purchase intention 3.71 (1.18) 2.43 (1.10) 3.58

Note: arousal, valence, and dominance are scales from 1 to 9, whereas other items are f
4.1.3. Perception of flavors, overall attitude and purchase intention
Friedman tests showed significant differences among the five

flavors in overall attitude (1e5 indicated dislike to like), purchase
intention, and 10 items of perception of flavors (p< .01). Wilcoxon
signed rank tests showed that the “like” (attitude) scores of
peppermint and grapefruit were significantly higher than that of
rose (p< .05), the attitude score of rose was significantly higher
than that of wintergreen (p< .05), and the attitude score of win-
tergreen was marginally significantly higher than that of clove
(p< .1). The “purchase” scores of peppermint and grapefruit were
higher than those of rose and wintergreen (p< .05), and the pur-
chase scores of rose and wintergreenwere higher than that of clove
(p< .05).
4.1.4. EEG
Fig. 3 shows the difference of a/b PSD ratios at AF4 and AF3

(AF4-AF3 ratio in the following text) and the P8 b PSD values of the
efruit Clove Rose c2
4

P value

(1.67) 4.12 (2.11) 5.15 (2.00) <.01 21.39
(1.72) 5.93 (2.18) 4.62 (2.11) <.01 52.01
(1.29) 5.57 (2.02) 4.96 (1.54) .35 4.4
(0.99) 2.94 (1.07) 2.56 (1.05) <.01 22.63
(0.96) 3.25 (1.36) 2.53 (1.29) <.01 41.36
(0.77) 2.56 (1.12) 3.11 (1.07) <.01 43.59
(0.93) 2.56 (1.10) 3.18 (1.14) <.01 32.90
(0.87) 2.42 (1.17) 3.24 (1.17) <.01 41.96
(0.71) 2.68 (1.11) 2.22 (1.01) <.01 41.62
(0.79) 2.60 (0.88) 2.97 (0.92) <.01 41.44
(0.88) 3.07 (0.98) 3.01 (0.94) <.01 54.05
(0.94) 2.50 (0.87) 2.82 (1.04) <.01 23.59
(1.11) 2.29 (1.07) 2.92 (1.20) <.01 31.37
(1.10) 2.31 (1.22) 3.15 (1.11) <.01 35.42
(0.86) 2.94 (0.87) 2.99 (0.81) <.01 45.52
(0.85) 3.00 (0.93) 2.82 (0.84) <.01 23.77
(1.10) 2.42 (0.93) 2.83 (1.16) <.01 17.42
(0.89) 2.29 (0.96) 2.62 (0.80) <.01 51.88
(1.00) 3.40 (1.21) 3.12 (1.19) 0.03 10.51
(1.02) 2.06 (1.01) 3.11 (1.09) <.01 51.33
(1.12) 2.01 (1.07) 2.78 (1.22) <.01 52.12

rom 1 to 5.



Fig. 3. The mean values of the EEG features for emotion valence (AF4-AF3 ratio) and
arousal (P8 b PSD) for the five flavors.
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five flavors. To compare the difference among EEG features under
the five flavor conditions, we conducted repeated measures
ANOVA, and found no significant difference among the AF4-AF3
ratio of five flavors (F4; 44 ¼ 1.64, p value¼ .18, generalized h2

¼ .02). Further, pairwise T tests with no correction showed that the
AF4-AF3 ratio of clove (M¼�0.14, SD¼ 0.18) was lower than that of
grapefruit (M¼�0.12, SD¼ 0.20, p¼ .06 marginally significant),
rose (M¼�0.10, SD¼ 0.19, p< .01), peppermint (M¼�0.12,
SD¼ 0.20, p¼ .08), and wintergreen (M¼�0.12, SD¼ 0.02, p¼ .03)
(see Fig. 3). No significant difference was found in power spectrum
densities in parietal lobes under the different flavor conditions.

4.1.5. EMG
The EMG data of two participants were dismissed due to the

poor contact of the electrode. Repeated measures ANOVA was
conducted to study the effect of flavor on standardized EMG values
on the zygomatic muscles (see Table 2). We found no significant
difference of standardized EMG values when participants tasted
peppermint, wintergreen, grapefruit, clove and rose. The flavor did
not significantly affect EMG values (F1:81; 16:31 ¼ 1.31, p¼ .28,
generalized h2 ¼ .07, the degree of freedom was corrected by
GreenhouseeGeisser epsilon).

4.1.6. HR and HRV
Repeated measures ANOVAwas conducted to study the effect of

flavor on standardized HR and HRV values. We found no significant
difference of standardized HR values when participants tasted
peppermint, wintergreen, grapefruit, clove and rose (F4; 92 ¼ 0.37,
Table 2
Mean values, standard deviations and results of repeated measures ANOVA for standard

Peppermint Wintergreen Grapefruit

EMG �0.01 (0.25) �0.08 (0.35) �0.06 (0.23)
HR 0.01 (0.09) �0.004 (0.09) �0.003 (0.08)
HRV 0.21 (0.63) 0.26 (0.60) 0.23 (0.62)

Note: EMG, HR, and HRV were standardized by each participant's baseline.
p¼ .83, generalized h2 < .01).
The effect of flavor was marginally significant on standardized

HRV values (F4; 92 ¼ 2.09, p¼ .09, generalized h2 < .01). Post hoc
analysis, i.e., pairwise paired t-test with no correction, showed that
standardized HRV value of clove (M¼ 0.12, SD¼ 0.61) was signifi-
cantly lower than that of wintergreen (M¼ 0.26, SD¼ 0.60,
p¼ .03), grapefruit (M¼ 0.23, SD¼ 0.62, p¼ .05) and marginally
significantly lower than rose (M¼ 0.23, SD¼ 0.74, p¼ 0.09). No
significant difference was found between standardized HRV under
the condition of peppermint (M¼ 0.21, SD¼ 0.63) and standard-
ized HRV under the condition of the other four flavors.

4.2. Reliability

Participants tasted each flavor three times in this study. Reli-
ability was compared by examining whether the results from the
three measures for each flavor and participant were consistent. The
consistency of the three measures of the same flavor and the same
participant was calculated in terms of Cronbach's a coefficient.
Cronbach's a is usually used to indicate the consistency among
several items that are supposed to describe one common variable.
Here we used Cronbach's a to indicate the average degree of inter-
relatedness among the three measures using the samemethod (see
Table 3). The EEG feature, AF4-AF3 ratio, had the highest reliability
(Cronbach's a¼ .85). Cronbach's a coefficients of HR, HRV, valence
in the SAM, selected EsSense Profile items, perceptions, attitude
and purchase intention were higher than .70, and their reliability
was acceptable. However, the arousal dimension of the SAM and
the EMG measure did not reach the general accepted level of reli-
ability (<.70).

4.3. Correlation among measures

We assessed convergent validity and divergent validity of
different measurements by analyzing the correlations among them.
Convergent validity refers to the agreement between instruments
that are expected to measure the same or similar constructs,
whereas divergent validity tests whether measurements that are
not supposed to be related are in fact unrelated (Campbell and
Fiske, 1959). The result of Spearman correlation analysis among
the measures is shown in Table 4.

First, we examined the convergent validity of measures. The b
PSD of parietal lobes, HR, and the calm dimension of SAM were
supposed to measure emotional arousal. The Spearman correlation
showed significant correlation between P8 b PSD and calm in SAM
(r¼ - .19, p¼ .009), between P8 b PSD and HR (r¼ .22, p¼ .003),
and between HR and calm in SAM (r¼�.20, p< .001). No signifi-
cant result was found for P7 b PSD of the parietal lobes. In addition,
HR also positively correlated with the high arousal item, aggressive
(r¼ .12, p¼ .02). The convergent validity of these arousal measures
were established.

The AF4-AF3 ratio, HRV, and Zygomatic EMG was supposed to
reflect valence of emotion. The correlation analysis showed that the
AF4-AF3 ratio was marginally significantly correlated with positive
valence in SAM (r¼�.12, p¼ .10) and overall attitude (r¼ .14,
p¼ .07). The AF4-AF3 ratio was positively correlated with two
ized EMG, HR, and HRV.

Clove Rose F P value

0.12 (0.48) �0.01 (0.28) 1.31 0.28
�0.002 (0.09) �0.01 (0.09) 0.37 0.83
0.12 (0.61) 0.23 (0.74) 2.09 0.09



Table 3
Cronbach's a coefficients of measures.

Measures a Measures a Measures a

Selected EsSense Profile items Perceptions Attitude 0.83
aggressive 0.77 confident 0.79 Purchase intention 0.81
disgusted 0.77 refreshing 0.79 EEG
good 0.82 premium 0.72 a-b ratio of AF3 and AF4 0.85
loving 0.81 natural 0.79 b power at P8 0.77
pleasant 0.82 familiar 0.80 EMG 0.63
worried 0.80 functional 0.70 HR 0.72

SAM professional 0.77 HRV 0.81
arousal (calm) 0.66 fashionable 0.79
valence (negative) 0.81 classic 0.76
dominance 0.70 unique 0.77

Table 4
Correlation between EEG, EMG, HR, HRV, and questionnaire items.

Arousal in SAM
(Calm)

Valance in SAM
(Negative)

AF4-AF3 ratio P8 b EMG HR HRV

r P r P r P r P r P r P r P

Overall attitude (like) 0.40 <0.001 �0.72 <0.001 0.14 0.07 �0.08 0.31 �0.08 0.32 �0.14 0.01 0.09 0.08
Purchase intention 0.42 <0.001 �0.63 <0.001 0.12 0.11 0.10 0.17 �0.13 0.12 �0.13 0.02 0.11 0.04
Aggressive �0.46 <0.001 0.20 <0.001 �0.17 0.02 0.06 0.43 �0.03 0.70 0.12 0.02 0.03 0.59
Disgusted �0.35 <0.001 0.66 <0.001 �0.07 0.39 �0.001 0.98 0.12 0.15 0.09 0.101 �0.05 0.38
Good 0.46 <0.001 �0.79 <0.001 0.16 0.04 �0.23 0.002 �0.13 0.12 �0.10 0.06 �0.01 0.90
Loving 0.41 <0.001 �0.76 <0.001 0.13 0.07 �0.29 <0.001 �0.06 0.51 �0.09 0.101 �0.06 0.27
Pleasant 0.45 <0.001 �0.79 <0.001 0.11 0.16 �0.19 0.01 �0.09 0.29 �0.13 0.01 0.02 0.76
Worried �0.29 <0.001 0.60 <0.001 0.05 0.47 0.01 0.88 0.11 0.19 0.04 0.44 0.09 0.096
Confident 0.04 0.50 �0.54 <0.001 0.05 0.52 �0.04 0.61 �0.02 0.83 0.003 0.95 �0.06 0.26
Refreshing �0.08 0.13 �0.22 <0.001 �0.02 0.84 0.15 0.04 �0.11 0.20 �0.02 0.68 0.05 0.38
Premium 0.12 0.02 �0.38 <0.001 0.12 0.11 0.06 0.39 �0.10 0.27 �0.15 0.004 0.16 0.002
Natural 0.46 <0.001 �0.62 <0.001 0.11 0.14 0.13 0.08 �0.17 0.04 �0.12 0.03 0.07 0.21
Familiar 0.36 <0.001 �0.61 <0.001 0.09 0.22 0.03 0.67 �0.05 0.51 �0.08 0.13 0.01 0.93
Functional �0.07 0.21 �0.29 <0.001 �0.10 0.18 0.22 0.002 0.10 0.21 0.04 0.46 �0.03 0.56
Professional �0.06 0.26 �0.16 0.003 �0.09 0.25 0.15 0.04 0.17 0.04 0.08 0.15 0.01 0.86
Fashionable 0.07 0.16 �0.39 <0.001 �0.08 0.27 0.10 0.17 0.13 0.12 �0.10 0.049 0.06 0.26
Classic 0.20 <0.001 �0.38 <0.001 0.05 0.55 0.15 0.04 �0.01 0.88 �0.11 0.045 0.10 0.06
Unique �0.20 <0.001 0.21 <0.001 0.10 0.20 0.00 1.00 0.01 0.88 �0.10 0.054 �0.01 0.84
Arousal in SAM (Calm) e e �0.43 <0.001 0.25 <0.001 �0.19 0.01 �0.16 0.06 �0.20 <0.001 0.13 0.01
Valance in SAM (Negative) e e �0.12 0.097 0.30 <0.001 0.06 0.49 0.05 0.32 0.09 0.098
AF4-AF3 ratio e e �0.30 0.60 e e �0.03 0.66 �0.01 0.86
P8 b e e e e 0.22 0.003 0.005 0.95
EMG e e 0.15 0.08 �0.15 0.08
HR e e �0.53 <0.001
HRV e e
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positive EsSense Profile terms, i.e., good (r¼ .16, p¼ .04), loving
(r¼ .13, p¼ .07), and negatively correlated with one negative term,
aggressive (r¼�.17, p¼ .02). HRV and zygomatic EMG, however,
did not correlate with the valence in SAM, specific items in the
EsSense Profile, and the AF4-AF3 ratio (the EEG feature for valence).
In addition, zygomatic EMG was marginally significantly correlated
with calm in SAM (r¼�.16, p¼ .06) and high HR (r¼ .15, p¼ .08).
This suggested that zygomatic EMG may indicate emotion arousal
evoked by flavors, instead of emotional valence. The results provide
evidence for the convergent validity of AF4-AF3 ratio and the calm
dimension of SAM measures, but not for HRV and Zygomatic EMG.

Second, we examined the divergent validity of arousal and
valence measures. Arousal and valence are supposed to be
orthogonal dimensions. Therefore, themeasurements for these two
dimensions should be uncorrelated. The results showed that
whereas the EEG measures of arousal (AF4-AF3 ratio) and valence
(P8 b PSD) measures were uncorrelated. There was, however, a
medium to high correlation between the arousal and the valence
dimensions of SAM (r¼�.43, p< .001). Furthermore, the AF4-AF3
ratio, which was supposed to measure valence, was also signifi-
cantly correlated with calm in SAM (r¼ .25, p< .001). The result
supported the divergent validity of EEG measures, whereas the
divergent validity of SAM was inadequate.

4.4. Predicting overall attitude and purchase intention

4.4.1. Self-report measures, EEG, HR and HRV
To exclude the effect from individual difference, we nested the

data into different participants and conducted multilevel linear
regression. The dependent variables were the overall attitude to a
flavor and the purchase intention. The independent variables were
the scores of self-report measures (six EsSense Profile items,
perception of flavors), the EEG feature (AF4-AF3 ratio), and the
standardized EMG, HR, and HRV. To ascertain whether there is
variation over different individuals, we fitted a baseline model (I) in
which we included only the intercept. Next, we fitted a model (RI)
that allowed intercepts to vary over individuals. The ANOVA indi-
cated that for predicting the overall attitude, model RI yielded
significantly lower AIC (Akaike information criterion, 1163.83) and
BIC (Bayesian information criterion, 1175.49) than model I did
(AIC¼ 1174.25, BIC¼ 1182.03, c2

ð1Þ ¼12.42, p< .001); for predicting
the purchase intention, model RI yielded lower AIC (1194.00) and
BIC (1205.65) than model I did (AIC¼ 1218.77, BIC¼ 1226.54, c2

ð1Þ
¼ 26.78, p< .001). This suggested the necessity of multilevel linear
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regression.
The data of the 12 participants in the EEG group were analyzed.

To predict overall attitude towards a flavor, self-report measures
(six EsSense Profile items, perception of flavors), the EEG feature
(AF4-AF3 ratio), HR, and HRV were entered as fixed effects to fit a
model RI_EEG_A. The likelihood ratio test suggested that the model
was significantly improved (c2

ð19Þ ¼ 240.16, p ¼< .001). Model
RI_EEG_A for predicting overall attitude yielded lower AIC (374.19)
and BIC (444.43) than model RI did (AIC¼ 576.35, BIC¼ 585.92. In
the model RI_EEG_A (see Table 5), aggressive, disgusted, loving,
refreshing, fashionable, classic, and AF4-AF3 ratio were significant
predictors.

To predict purchase intention, the independent variables above
were also entered in the RI model as fixed effects to fit a model
RI_EEG_P. The likelihood ratio test suggested that the model was
significantly improved (c2

ð19Þ ¼ 190.28, p¼ <.001). Model RI_EEG_P
yielded lower AIC (412.65) and BIC (482.89) than model RI
(AIC¼ 564.93, BIC¼ 574.51). In the model RI_EEG_P, confident,
premium, natural, fashionable and classic were significant pre-
dictors. None of the physiological measures was a significant
predictor.
4.4.2. Self-report, EMG, HR, and HRV
The data of the 12 participants in the EMG groupwere analyzed.

To predict overall attitude towards a flavor, self-report measures
(six EsSense Profile items, perception of flavors), EMG, HR and HRV
were entered as fixed effects to fit a model RI_EMG_A. The likeli-
hood ratio test suggested that the model was significantly
improved (c2

ð19Þ ¼ 219.29, p ¼< .001). Model RI_EMG_A yielded
lower AIC (295.41) and BIC (361.49) than model RI (AIC¼ 476.70,
BIC¼ 485.71). In the model RI_EMG_A (see Table 6), good, pleasant
and fashionable were the significant predictors. None of the phys-
iological measures was a significant predictor.

To predict purchase intention, the independent variables above
were also entered in the RI model as fixed effects to fit a model
RI_EMG_P. The likelihood ratio test suggested that the model was
significantly improved (c2

ð19Þ ¼ 229.46, p ¼ <.001). Model
RI_EMG_P yielded lower AIC (318.11), and BIC (384.19) than model
RI (AIC¼ 509.56, BIC¼ 518.57). In the model RI_EMG_P, good,
pleasant, and natural were the significant predictors. None of the
physiological measures was a significant predictor.
Table 5
Multilevel linear models for overall attitude and purchase intention (independent variab

Overall attitude

Value Standard error t149 P v

(Intercept) 0.058 0.464 0.126 0.9
aggressive 0.18 0.065 2.77 0.0
disgusted �0.175 0.066 �2.651 0.0
good �0.017 0.108 �0.159 0.8
loving 0.379 0.101 3.761 <.0
pleasant 0.187 0.107 1.748 0.0
worried �0.023 0.087 �0.261 0.7
confident �0.082 0.094 �0.878 0.3
refreshing 0.165 0.074 2.221 0.0
premium �0.011 0.081 �0.13 0.8
natural 0.092 0.07 1.316 0.1
familiar �0.044 0.079 �0.558 0.5
functional �0.093 0.085 �1.1 0.2
professional 0.06 0.08 0.749 0.4
fashionable 0.245 0.073 3.349 0.0
classic 0.219 0.076 2.888 0.0
unique �0.064 0.06 �1.058 0.2
AF4-AF3 ratio 1.085 0.429 2.528 0.0
HR �1.434 0.917 �1.563 0.1
HRV �0.039 0.126 �0.312 0.7
5. Discussion

SAM has been a widely used instrument for measuring
emotional responses to various stimuli. Our study shows that the
arousal and the valence dimensions are able to distinguish emo-
tions evoked by the five flavors (p< .05 for Friedman tests). The
reliability of SAM in repetitive tests, however, is not satisfactory.
Only the dimension of valence reaches a good level of reliability
(Cronbach's a: 0.81), whereas the arousal dimension (Cronbach's a:
0.66) and the dominance dimension (Cronbach's a: 0.70) are
questionable or barely acceptable. Furthermore, we found that the
validity of SAM results is questionable, at least for the Chinese
participants in our study. The SAM shows only pictures without
textual explanation. This leaves room for individuals' interpreta-
tion. We interviewed five participants for their understanding of
SAM. Most of them did not understand the meaning of the domi-
nance pictures. Some of them thought the arousal pictures repre-
sented the extent of anger. The correlation analysis suggests that
arousal in the SAM significantly correlates with valence in SAM and
the EEG feature AF4-AF3 a-b ratio. This indicates a significant as-
sociation between the valence and the arousal dimensions,
whereas these two are theoretically orthogonal dimensions. The
less satisfactory reliability and divergent validity, and the problems
in interpreting the pictures suggest that SAM may not be an ideal
instrument for measuring flavor-evoked emotions of Chinese
consumers.

The selected EsSense Profile items and the perceptions of flavors
provides detailed and easy-to-interpret informationwhich are hard
to obtain with physiological measurements. These measures are
sensitive enough to distinguish emotions evoked by the five flavors
(p< .05 for Friedman tests of all items except “unique”). The
selected EsSense Profile items have acceptable reliability, as indi-
cated by Cronbach's a coefficients ranging from .70 to .82. These
items are also the most important predictors of overall attitude and
purchase intention, as indicated by the results from both the EMG
and the EEG group. These items, however, may be influenced by the
halo effect (Murphy et al., 1993; Thorndike, 1920), i.e., that the
overall impressions of the flavor strongly influence the ratings of
specific perceptions of the flavor. For example, clove oil is generally
used in dentistry to treat pain, and its scent often lingers in the
dental clinics. Therefore, clove flavor should be associated with the
les were questionnaire factors and the EEG feature AF4-AF3 ratio, HR, and HRV).

Purchase intention

alue Value Standard error t149 P value

�0.106 0.616 �0.172 0.863
06 0.011 0.074 0.145 0.885
09 �0.089 0.072 �1.232 0.22
74 0.058 0.117 0.496 0.621
01 0.095 0.114 0.837 0.404
82 �0.063 0.115 �0.552 0.582
94 �0.061 0.106 �0.572 0.568
81 0.216 0.108 2.006 0.047
28 0.063 0.081 0.774 0.44
96 0.185 0.089 2.078 0.039
9 0.168 0.078 2.137 0.034
77 0.061 0.087 0.704 0.483
73 0.02 0.093 0.215 0.83
55 0.019 0.089 0.21 0.834
01 0.177 0.08 2.208 0.029
04 0.208 0.083 2.511 0.013
92 �0.033 0.069 �0.477 0.634
13 0.463 0.498 0.93 0.354
2 �1.293 1.021 �1.266 0.208
55 0.157 0.139 1.135 0.258



Table 6
Multilevel linear models for overall attitude and purchase intention (independent variables were questionnaire factors, EMG, HR and HRV).

Overall attitude Purchase intention

Value Standard error t120 P value Value Standard error t120 P value

(Intercept) 0.83 0.558 1.486 0.14 �0.477 0.616 �0.775 0.44
aggressive �0.05 0.067 �0.74 0.461 �0.021 0.073 �0.295 0.769
disgusted �0.064 0.077 �0.822 0.413 �0.029 0.083 �0.352 0.725
good 0.271 0.099 2.728 0.007 0.308 0.107 2.889 0.005
loving 0.036 0.095 0.376 0.708 �0.197 0.103 �1.907 0.059
pleasant 0.299 0.088 3.39 0.001 0.422 0.094 4.476 <.001
worried �0.084 0.08 �1.055 0.293 �0.142 0.086 �1.64 0.104
confident 0.005 0.081 0.064 0.949 0.037 0.087 0.418 0.677
refreshing 0.025 0.063 0.393 0.695 0.131 0.068 1.938 0.055
premium 0.033 0.081 0.413 0.681 0.052 0.087 0.599 0.55
natural 0.09 0.073 1.232 0.22 0.2 0.078 2.557 0.012
familiar 0.099 0.069 1.419 0.158 0.128 0.075 1.71 0.09
functional 0.031 0.089 0.347 0.729 0.134 0.095 1.404 0.163
professional �0.067 0.081 �0.833 0.406 �0.109 0.086 �1.258 0.211
fashionable 0.146 0.077 1.899 0.06 0.01 0.083 0.117 0.907
classic �0.031 0.065 �0.485 0.628 0.029 0.07 0.412 0.681
unique �0.071 0.059 �1.219 0.225 0.054 0.064 0.851 0.397
EMG �0.176 0.169 �1.041 0.3 �0.202 0.183 �1.103 0.272
HR 0.237 0.8 0.297 0.767 0.091 0.855 0.107 0.915
HRV �0.043 0.129 �0.334 0.739 0.065 0.141 0.46 0.646
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perception of “functional” for many consumers, though the flavor
may not be pleasant. In our study, however, clove was reported as
the least functional flavor. We found that this may be due to the
overall negative impressions of clove. Both SAM and the AF4-AF3
ratio indicate that clove evokes the most negative emotions. The
correlation analysis also shows that the item “functional” correlates
with valence in the SAM (r¼�.29, p< .001). This indicates the
occurrence of halo effect, i.e., the perception of negative valence of
clove influence the rating of functional perception.

In EEG features, the AF4-AF3 a-b ratio is sensitive to dis-
tinguishing clove from others. The Cronbach's a of the AF4-AF3 a-b
ratio in three trials is .85, which is the highest among all measures
in this study. The AF4-AF3 a-b ratio correlates with positive emo-
tions, i.e., marginally significantly correlates with overall attitude,
positive valence in SAM, and good and loving in EsSense Profile. P8
b PSD positively correlated with the arousal dimension in SAM and
HR, which is supposed to indicate emotion arousal level. These
correlations are consistent with previous studies (Bos, 2006; Brown
et al., 2012; Choppin, 2000; Davidson and Tomarken, 1989; Niemic
and Warren, 2002). The AF4-AF3 a-b ratio is also a significant
predictor of the participants' overall attitude towards a flavor.
These results show that the AF4-AF3 a-b ratio and P8 b PSD can be
used as indicators of flavor-evoked emotional valence and arousal
level, respectively. In addition, AF4-AF3 a-b ratio and P8 b PSDwere
not correlated, indicating adequate divergent validity.

Although HR is not sensitive enough to distinguish the five
flavors, it can indicate emotion arousal with an acceptable reli-
ability (Cronbach's a coefficient¼ .72). Consistent with previous
research (Appelhans and Luecken, 2006), high HR is related with
emotions with high arousal level. It positively correlated with the
arousal dimension in SAM and P8 b PSD. HRV can distinguish
emotions evoked by the clove flavor from emotions evoked by the
wintergreen, grapefruit and rose flavors, with a Cronbach's a co-
efficient of .81. However, HRV does not correlate with emotion
valences, and both the correlation of HRV and self-report and the
correlation of the EEG feature AF4-AF3 a-b ratio are not significant.
Previous research also cannot provide a consistent conclusion
regarding the relation between HRV and emotion valence (Kreibig,
2010), and there is a lack of physiological evidences or clinical
research about the relationships of HRV and specific emotions in
the EsSense Profile. In addition, some researchers were concerned
that HRV effects were less consistent and often nonsignificant in
taste-related measures, because reliable HR measurements require
relatively long periods of time, whereas food evoked emotions in
short time periods (de Wijk et al., 2012). Therefore, it is hard to use
HRV to indicate emotion valence.

EMG of the zygomatic muscles is neither sensitive (cannot
distinguish emotions evoked by the five flavors) nor reliable (the
Cronbach's a: .63). Previous researchers found that positive emo-
tions make people smile and increase the activities of the zygo-
matic and levator muscles (Cacioppo et al., 1986; Dimberg, 1990;
Lang et al., 1993;Warrenburg, 2005). However, in the present study,
the EMG level at the zygomatic muscles does not correlate with
emotion valence. Instead, it correlates with high emotion arousal
level in SAM (marginally significant) and high HR (which is sup-
posed to indicate emotion arousal level). The possible reason may
be that flavors with high arousal directly stimulate the muscles
near the mouth, therefore increase zygomatic EMG. In other words,
high zygomatic EMGmay result from both smiles (positive valence)
and stimulation from flavors (high arousal), and the effects from
them are hard to separate. Therefore, it is hard for zygomatic EMG
to indicate the flavor-evoked emotions reliably and validly.

6. Conclusion

To the best of our knowledge, no study has been conducted to
compare different measures of flavor-evoked emotions. Our study
provides a comprehensive picture of state-of-the-art instruments
for recognizing flavor-evoked emotions based on empirical evi-
dence. This picture helps designers to select proper measurements
based a clear understanding of their strengths and limitations.

The results showed that self-reporting measures can distinguish
different flavor products, but the inadequate divergent validity
indicated that the people's explicit expression of emotions may be
biased by halo effect, e.g., their overall impression of the flavor
influencing their perception about specific properties of emotions
(e.g., arousal and valence). The participants' perception of arousal is
influenced by their perception of valence. These results suggested
that self-reporting measures are good predictors to expressed
overall preference and purchase intention with a flavor, but they
provide less accurate information to understand specific emotional
dimensions.
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The two EEG measures adopted in the current study have been
found valid and reliable measurement of arousal and valence of
emotions, and they exhibited adequate divergent validity, i.e., the
measures reflecting the orthogonal dimensions of emotions are
uncorrelated. The measures are extracted based on sound neuro-
scientific assumptions and our results validate the capacity of
these measures for measuring flavor-evoked emotions.

HR has been found a valid and reliable measure of arousal. Given
the low cost and high convenience to obtain HR data, as compared
with EEG measures, we found it a good supplement psychophysi-
ological measure to the self-reporting measures, with which the
measurement of arousal is often contaminated with one's percep-
tion of valence.

Finally, we did not find adequate evidence to support the val-
idity of HRV and EMG of zygomatic for measuring flavor-evoked
emotions.

This study has some limitations. Because the participants were
split into EEG group and EMG group due to the difficulty to wear
the two equipment simultaneously, the sample size of the EEG tests
was only half of the sample size of the tests of self-reporting
measures. A smaller sample size means a lower level of power for
a statistic test to reject the null hypotheses. This may contribute to
the result that EEG measures did not distinguish flavors as much as
self-reporting measures did. To draw a fair conclusion about the
relative sensitivity of different measures, a study involving equal
sample sizes for different is needed. In addition, this study focused
on commonly used spectral power features with sound neuropsy-
chological assumptions. These measures, however, are likely to be
subject to the influences of noises in physiological signals. Future
research may explore more advanced feature extraction methods,
such as fractal dimension, higher order crossings and higher order
spectra (Jenke et al., 2014), and data-driven methods (Liu et al.,
2011; Sourina and Liu, 2011) for recognize emotions without the
constraints of physiological or clinical research support.
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