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While numerous studies have examined the relationships between facial actions
and emotions, they have yet to account for the ways that specific spontaneous
facial expressions map onto emotional experiences induced without expressive intent.
Moreover, previous studies emphasized that a fine-grained investigation of facial
components could establish the coherence of facial actions with actual internal states.
Therefore, this study aimed to accumulate evidence for the correspondence between
spontaneous facial components and emotional experiences. We reinvestigated data
from previous research which secretly recorded spontaneous facial expressions of
Japanese participants as they watched film clips designed to evoke four different
target emotions: surprise, amusement, disgust, and sadness. The participants rated
their emotional experiences via a self-reported questionnaire of 16 emotions. These
spontaneous facial expressions were coded using the Facial Action Coding System,
the gold standard for classifying visible facial movements. We corroborated each facial
action that was present in the emotional experiences by applying stepwise regression
models. The results found that spontaneous facial components occurred in ways
that cohere to their evolutionary functions based on the rating values of emotional
experiences (e.g., the inner brow raiser might be involved in the evaluation of novelty).
This study provided new empirical evidence for the correspondence between each
spontaneous facial component and first-person internal states of emotion as reported
by the expresser.

Keywords: emotions, facial expressions, spontaneous, components, non-social

INTRODUCTION

Imagine all the ways that your face or the faces of those you care about have been a shorthand for the
precious and teachable moments of your life. The expressions we make and the emotions they entail
are important because our interpretations of them have personal and social consequences. Facial
expressions covary with internal states of the mind, such as emotions, appraisals, and intentions
(Ekman, 1994; McLellan et al., 2010; Gentsch et al., 2015). Successful interpersonal communication
relies on the ability to convey and interpret emotions accurately, and in this manner, understanding
facial expressions is vital for regulating our interactions with others.
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Several studies have established the coherence between
facial expressions and emotion by observing and measuring
facial activity (Ekman et al., 1980; Mauss et al., 2005), facial
recognition (Ekman and Friesen, 1971; Horstmann, 2003),
facial electromyography (EMG, Cacioppo et al.,, 1986, 1992)
and facial feedback (McIntosh, 1996; Soussignan, 2002). In
experimental studies, Mauss et al. (2005) indicated that there was
an association between observer ratings of facial behavior elicited
by films generating amusement or sadness and the expressers’
continuous self-report of emotional experience. Levenson et al.
(1992) also confirmed that voluntarily making facial patterns for
specific emotions like anger, fear, sadness, disgust, and happiness
generates specific emotional experiences and autonomic nervous
system activity, irrespective of culture. In this way, relationships
between the face and emotions are known to exist and are
considered to be universal (e.g., Matsumoto et al., 2008).

Most prior research on the correspondence between facial
expressions and emotion has been conducted on the grounds
of Basic Emotion Theory (BET: Ekman, 1994, 2003). BET
hypothesized that basic emotions such as happiness, anger,
disgust, fear, sadness, and surprise have an individual and
prototypical facial pattern (Tomkins, 1962; Ekman et al., 2002).
For example, facial expressions of happiness are comprised of the
contraction of the zygomatic major muscle and the orbicularis
oculi muscle. Many staple psychological studies (e.g., Whalen
et al., 1998; Balconi and Canavesio, 2016) have implemented
facial stimuli (Pictures of Facial Affect; Ekman and Friesen, 1976)
that rely on this theory.

However, there are two main criticisms of the assumptions
that BET makes about facial expressions. One is that the
complete prototypical facial patterns described by BET have
rarely been observed in empirical studies. Ferndndez-dols and
Crivelli (2015) pointed out that these prototypical facial patterns
were merely described in the literature according to Darwin’s
(1872) intuitions, which were then reinterpreted by Allport
(1924) and later by Tombkins (1982), rather than arrived at
by empirically testing the typical facial expressions that appear
during the experience of intense emotions. Thus, prototypical
facial expressions might differ from those that might be expressed
when one actually experiences emotions. Indeed, Fernandez-
dols et al. (1997) showed that spontaneous facial expressions
elicited by emotion elicitation films do not accord with the
prototypical facial patterns stipulated by BET. Reisenzein et al.
(2013) also reported that the relationships between specific
emotions and prototypical facial expressions characterized by
BET are very weak because the majority of experimental
evidence has not observed these prototypical facial patterns
when people experience the emotions to which they are meant
to correspond. One specific example is the Duchenne smile
which is characterized by the shrinkage of the oculi muscles
(Ekman, 1992). Although previous studies based on BET have
considered this smile the signature marker for facial expressions
of experienced happiness (Frank et al., 1993), recent studies have
demonstrated that Duchenne smiles can be feigned (Krumhuber
and Manstead, 2009; Namba et al., 2016), and non-Duchenne
smiles have also been shown to occur in experiences of happiness
(Krumhuber et al., 2014). Therefore, it is necessary to accumulate

data for facial expressions in conditions where participants are
actually experiencing emotions.

The other criticism is that BET oversimplifies the link between
a given full facial expression and a single emotion. Recent
studies have advocated the importance of considering each facial
action as a separate component rather than a one-to-one holistic
correspondence because the component-centered assumption
more comprehensively covers the wide variety of facial patterns
that are known to occur in our everyday lives (e.g., Krumhuber
and Scherer, 2011; With and Kaiser, 2011; Scherer et al., 2013;
Korb et al., 2014). Smith and Scott (1997) touted the advantages
of a component-based approach as it allows for individual
components to be fine-tuned to explain entire facial expressions
from the bottom up. In research on the facial feedback hypothesis,
Lewis (2012) found that the voluntary action of each facial
component like the brow lowerer might elicit a change of internal
states within the expresser.

Taken together, it is necessary to highlight the role of each
facial component when considering which factors of emotion
cause facial expressions. There are few empirical investigations
of spontaneous facial components when people experience
emotions.

While several studies have investigated specific facial actions
that are expressed naturally when a person actually experiences
a number of emotions (e.g., Galati et al., 2003; Matsumoto and
Willingham, 2009; Mavadati et al., 2013; Zhang et al., 2014), these
findings included two important shortcomings. One pervasive
challenge has been identifying the precise facial actions that
correspond to emotional experiences. Several studies employed
facial electromyography as it provides sensitive detection of
subtle facial actions in areas like the brow, cheek, and mouth
regions (Lang et al., 1993; Dimberg et al., 2000). However, when
investigating naturally occurring spontaneous facial expressions,
the attachment of electrodes to the face required for EMG
measurement creates an unnatural setting that may potentially
disturb the natural occurrence of facial expressions (Ekman et al.,
2002). Murata et al. (2016) showed that EMG methods can
be problematic for detecting facial actions related to emotion
because the necessary placement of electrodes on key areas of
the face pick up all muscle tensions indiscriminately in real-
time. Murata et al. (2016) also mentioned that if the number of
trials is low, as frequently occurs in spontaneous facial expression
studies, EMG activity can be prone to noise in facial detection.
Thus, a less invasive and more discernible approach is desirable
to measure and analyze naturally occurring spontaneous facial
expressions.

The other arguably more important shortcoming, however,
has been the lack of experimental control for the modifying
effects of expressive intent inherent to the display of facial
expressions in public settings. Many studies obtained data for
spontaneous facial expressions of emotion in an experimental
environment where participants were in the presence of others
(Galati et al, 2003; Matsumoto and Willingham, 2006) or
otherwise conscious of being recorded (Mavadati et al., 2013;
Zhang et al., 2014). Thus, previously reported facial expressions
may reflect the obstructive factors of social modification like
intention in addition to their emotional content (Chovil,
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1991; Kunzmann et al., 2005; Gosselin et al., 2010, 2011).
Furthermore, Gosselin et al. (2010) found that people can
deliberately manipulate prototypical facial patterns of each
emotion with expressive and conscious intent. In order to
address these gaps in the literature for spontaneous facial
expressions, it is necessary to accumulate evidence for observable
facial components related to first-person accounts of emotional
experiences in the absence of the social factors that may beget
expressive intent.

To elucidate new relationships between facial expressions and
emotions beyond the prototypical facial pattern characterized
by BET, we sought to investigate each observable facial
component while controlling for the plausible obstruction of
expressive intentions generated in the presence of others. We
opted to use data of secretly recorded facial behaviors from
participants as they watched emotion elicitation films in a
room by themselves. We subsequently analyzed each facial
component by corroborating the peak facial expressions that
participants elicited from watching film clips with self-reports
of their actual emotional experiences taken upon watching
them.

MATERIALS AND METHODS

We reinvestigated the spontaneous facial actions and emotional
experiences reported in Namba et al. (2016) for potential
relationships. Namba et al. (2016) recorded spontaneous and
posed facial expressions to compare their morphological and
dynamic content, but the current study was explicitly focused on
creating a predictive model that corroborates spontaneous facial
components with emotional experiences. We applied regression
models to derive relationships for each facial component and
modeled the occurrences of each component using the rating
values of emotional experiences as predictor variables, and vice
versa.

Participants

Data were collected from 31 undergraduate students (13 male;
Mage = 20.19, SD = 1.37, range = 18-24) at Hiroshima
University. They participated on a voluntary basis and were
given a monetary compensation of 500 yen after the experiment.
All participants were native Japanese speakers with normal
or corrected-to-normal vision. There was no evidence of the
presence of a neurological or psychiatric disorder. Written
informed consent was obtained from each participant before the
investigation, in line with a protocol approved by the Ethical
Committee of the Graduate School of Education, Hiroshima
University.

Emotion Elicitation

We used four film clips that were designed to elicit amusement,
disgust, sadness, and surprise, respectively: When Harry Met
Sally, Pink Flamingos, The Champ, and Capricorn. These films
were standardized by Gross and Levenson (1995). Sato et al.
(2007) confirmed these four films as eliciting the desired
emotional experiences in Japanese participants. After the first 10

participants were collected, we noticed that When Harry Met Sally
elicited unintended negative emotions such as embarrassment
and confusion more than the target emotion of amusement.
Therefore, we switched to another one, Torololo Cat, which was
subsequently labeled amusement 2. The clip lengths were as
follows: 155 s for amusement 1 (When Harry Met Sally), 51 s for
amusement 2 (Torololo Cat), 30 s for disgust (Pink Flamingos),
171 s for sadness (The Champ), and 49 s for surprise (Capricorn).
All the film clips had sound. As participants watched these film
clips, we recorded their facial expressions secretly during each
session.

For the emotional assessment of each film, we used the
following two methods akin to previous studies (Gross and
Levenson, 1995; Sato et al., 2007). The first was a 16-item
self-report inventory for discrete emotional assessment. The
items included amusement, anger, arousal, confusion, contempt,
contentment, disgust, embarrassment, fear, happiness, interest,
pain, relief, sadness, surprise, and tension on a 9-point scale,
ranging from 0 (not at all) to 8 (the strongest in my life). The order
of the 16 items was randomized for each participant. The other
assessment was the affect grid developed by Russell et al. (1989).
The affect grid estimates emotional state in terms of valence
ranging from 1 (unpleasant) to 9 (pleasant), and arousal ranging
from 1 (sleepiness) to 9 (high arousal).

Procedure

We wanted to suppress the influence of social aspects to
the greatest extent possible. Therefore, the experiments were
performed individually. Participants received instructions to
watch the films as they were presented on the PC screen
(VPCF14AF], SONY), and to evaluate the emotions elicited by
each film after viewing it. Also, participants were given inter-
trial intervals ranging between 25 and 35 s while being instructed
to clear their mind of all thoughts. The order of the films
was counterbalanced using a Latin Square design. Participants
assessed their emotional state using the 16-item self-report
inventory of discrete emotions and the affect grid. These two
scales were also counterbalanced. While they were watching the
films, we secretly recorded their facial expressions using the
camera embedded on the PC screen.

During debriefing sessions, the participants were informed of
the previously undisclosed recording of their facial expressions
via the embedded camera. They were then given the option to
sign a second consent form permitting us to use their recorded
facial expressions for analysis or to have us delete the data. If
consent was not obtained, then we deleted the recorded data in
front of the participant.

Facial Data

In the debriefing session, one woman refused to permit the use
of her facial expressions. The spontaneous facial expressions of
another participant were also not available because of problems
with the embedded camera. Consequently, 29 spontaneous facial
expressions for each emotion totaling 116 facial data were
available for the following analyses. The perceptual apex for each
facial expression was selected in order to create a model of facial
components predicted by emotional rating values.
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Selection of Apex

To detect the apex of each spontaneous facial expression,
two evaluators separate from and excluding the experimenter
evaluated the recorded facial expressions without sound
to not affect their evaluations. They were blinded to the
hypothesis of the study. The evaluators watched all 116
videos of spontaneous facial expressions and determined
the apex as the frame that seemed to have showed the most
morphologically explicit reaction to the emotion elicitation
film. The clip lengths of the collected recordings watched
by evaluators was consistent with the emotion elicitation
films used as the standardized stimulus. For example, the
facial expressions of surprise presented to evaluators were
those that were elicited by participants and continued for
49 s, in line with the length of the surprise elicitation film
(Capricorn). The spontaneous facial expressions were presented
at a rate of 30 fps. The order of videos was randomized.
These apex points can be described as the perceptual
apex because they were selected per the judgment of the
evaluators.

Facial Coding

We coded the recorded facial expressions using the Facial
Action Coding System (FACS: Ekman and Friesen, 1978)
which can objectively describe visible facial movements
based on anatomy. FACS defines each facial component as
an Action Unit (AU). All apexes for the target expression
that were exhibited while watching the emotion elicitation
films were coded. A certified FACS coder who passed the
FACS final test scored all the apex points for the facial
expressions. We excluded blinking (AU45), yawning, and
the units that incorporate horizontal or vertical orientation
in head movement and gaze direction (AUs 50-66) because
our study was explicitly focused on emotional facial
movements.

To ensure reliability, a second trained FACS coder scored
the same facial data. Agreement regarding the presence of
AUs was sufficiently high to indicate intercoder reliability
(Agreement = 85.5%; Cohen’s k = 0.84, p < 0.001). We calculated
these indexes using R (3.3.1, R Core Team, 2016) and irr packages
(Gamer et al., 2012).

Statistical Analysis

Our goal was to clarify specific facial components when people
have actual emotional experiences. We applied logistic regression
and multiple regression models to the facial components and
emotional rating values. Twenty kinds of AUs were observed in
this study: inner brow raiser as AU 1, outer brow raiser as AU
2, brow lowerer as AU 4, upper lid raiser as AU 5, cheek raiser
as AU 6, lid tightener as AU 7, nose wrinkler as AU 9, upper
lip raiser as AU 10, nasolabial deepener as AU 11, lip corner
puller as AU 12, sharp lip puller as AU 13, dimpler as AU 14, lip
corner depressor as AU 15, lower lip depressor as AU 16, chin
raiser as AU 17, neck tightener as AU 21, lip tightener as AU
23, lips part as AU 25, jaw drop as AU 26, and mouth stretch
as AU 27. However, we considered the parts of AUs that did not

occur more than 5% as rare events, and removed them from the
pool of analysis. As a result, 12 facial actions were regarded as
available variables (Table 1): AU 1, 2, 4, 5, 6, 7, 10, 12, 14, 23, 25,
and 26.

We investigated two regression models: one where the
occurrences of each AU were predicted by all 16 discrete
emotional assessments, and another where each emotional
experience was predicted by all 12 facial actions. By examining
these two bidirectional models, we aimed to accumulate evidence
about the relationships between spontaneous facial components
and their correspondence to emotional experiences. For clarity,
we have not reported the results of the affect grid (available upon
request). Simply performing regression models with such a large
number of predictors makes it more likely that the results will
fail to converge. To stabilize estimation, we decided to forego
unnecessary predictors for each model in favor of the stepwise
model selection method stipulated by AIC (Venables and Ripley,
2002). The first full model is a logistic regression described as
follows:

. . *
AU = inverse_logit (Bintercept + Bamusement = amusement

+... .+ Btension * tenSiOn) (1)

The second full model is a regression described in the following
expression:

Emotional experience =

Bintercept + Paur * AUL + ... + Bauzs * AU26  (2)

Furthermore, we applied the Bonferroni correction to treat
the number of outcome variables as a family of hypotheses. The
logistic model was set to the Bonferroni adjusted alpha levels
of 0.0042 per test (0.05/12). The other model was set to the
Bonferroni adjusted alpha levels of 0.0031 per test (0.05/16). In
the following results, we used R (3.3.1, R Core Team, 2016), Ime4
packages (Bates et al., 2014) and MASS packages (Venables and

TABLE 1 | List of the 12 AUs that emerged in spontaneous facial data
collected in a non-social context and their frequencies.

AU Frequencies

n %
AUT: Inner brow raiser 12 10
AU2: Outer brow raiser 9 8
AU4: Brow lowerer 17 15
AUS5: Upper lid raiser 12 10
AUB: Cheek raiser 31 27
AU7: Lid tightener 25 22
AU10: Upper lid raiser 16 14
AU12: Lip corner puller 24 21
AU14: Dimpler 9
AU23: Lip tightener 8 7
AU25: Lips part 36 31
AU26: Jaw drop 12 10
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Ripley, 2002). Only models that showed significant differences in
the predictor were reported to avoid unnecessary complexity and
improve clarity.

RESULTS

Which Emotional Experiences Predicted
Each AU?

Figure 1 depicts the rating values of emotional experiences for
each stimulus to confirm which emotional experiences were
elicited in the current study. The matrix table in Figure 2
represents the correlations among all emotional experiences.

We conducted stepwise logistic regressions (see Eq. 1) to
determine if available emotional rating values could explain
the dichotomous outcome of whether each AU occurred or
not. We applied this analysis to the twenty AUs that could
be observed in this study. In all AUs that were observed,
three models had significant results: the inner brow raiser
(AU 1), the lid tightener (AU 7), and the upper lip raiser
(AU 10). Figure 3 represents the summarized results of the
three models and their facial components. The corresponding
coeflicients stand for the odds ratios (OR), followed by 95%
confidence intervals (95% CI). For the inner brow raiser
(AU 1), the surprise rating values significantly predicted the
occurrence of the inner brow raiser (odds ratio = 3.40 [1.75,
8.08], p = 0.02). For the lid tightener (AU 7), the results
indicated that the relief, happiness, and contempt rating values
significantly predicted the occurrence of the lid tightener
(odds ratios = 0.08 [0.02, 0.25]; 2.65 [1.68, 4.68]; 1.74 [1.32,
2.44] respectively, all ps < 0.05). The result for the upper
lip raiser (AU 10) indicated that the disgust rating values

significantly predicted its occurrence (odds ratio = 2.65 [1.72,
4.77] p = 0.002).

Which Facial Actions Predicted Each

Emotional Experience?

We also investigated the case of these relationships occurring in
the opposite direction, namely in a model where each emotional
experience was predicted by the occurrences of several AUs
(see Eq. 2). Nine models had significant results: amusement,
contentment, pain, disgust, embarrassment, contempt, fear,
tension, and sadness. Figure 4 represents these models. For
amusement, the regression result indicated that the occurrences
of the lip corner puller (AU 12) significantly predicted the
rating values of amusement (B = 2.06, t = 3.70, p < 0.01).
For contentment, the occurrence of the upper lip raiser (AU
10) and the lip corner puller (AU 12) significantly predicted the
rating values of contentment (Bs = —1.60, 1.91, respectively,
ts > 3.80, ps < 0.005). The pain rating values were significantly
predicted by the occurrences of lip corner puller (B = —2.26,
t = 3.72, p < 0.005). As for disgust, the results indicated that
the occurrences of the upper lip raiser (AU 10) and the lip
corner puller (AU 12) significantly predicted the rating values
of disgust (Bs = 4.13, —1.81, respectively, ts > 3.71, ps < 0.01).
The model for embarrassment indicated that the occurrence
of the lip corner puller (AU 12) was significant (B = —1.75,
t = 347, p < 0.05). For contempt, the results indicated that
the occurrences of the lid tightener (AU 7), the upper lip raiser
(AU 10) and the lip corner puller (AU 12) significantly predicted
the rating values of contempt (Bs = 1.79, 3.47, and —2.01,
respectively, ts > 3.95, ps < 0.005). As for fear, the occurrences
of the upper lid raiser (AU 5) significantly predicted the rating

dns
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amusement relief contentment interest happy anger pain disgust  embarrassment contempt fear tension sadness

confusion surprise arousal

FIGURE 1 | Mean emotion ratings as a function of the type of eliciting stimulus. Sup stands for surprise elicitation film (1 = 29). Am1 stands for amusement 1
elicitation film (n = 10). Am2 refers to the amusement 2 elicitation fim (n = 19). Dis stands for disgust elicitation film (n = 29). Sad refers to the sadness elicitation film
(n =29).
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FIGURE 2 | Correlation matrix of the self-reported emotional rating values. Blue cells represent the positive relationships between emotional rating values,

contempt
tension
surprise
arousal

embarrassment

values of fear (B = 2.70, t = 3.16, p < 0.05). For tension,
the occurrences of the upper lid raiser (AU 5) and the lip
corner puller (AU 12) were significant predictors (Bs = 2.76,
—1.55, respectively, ts > 3.28, ps < 0.05). Finally, the model
of sadness indicated that the occurrence of the lip tightener
(AU 23) was the significant predictor (B = 2.69, t = 3.44,
p <0.05).

DISCUSSION

This study modeled the occurrences of each AU from peak
facial expressions in emotional experiences that were then set
as predictors, and vice versa, to test the assumptions put forth
by BET. Although these results showed that some of the facial
components mapped across actual emotional experiences in
keeping with BET, we found that the relative importance of
each facial component determines spontaneous expressions of
emotion. Furthermore, this is the first study to accumulate these
findings by empirically testing the typical facial expressions that
appear during the experience of intense emotions elicited by
films.

The Upper Parts of Facial Expressions:
AU1,AUS5,and AU 7

We provided three AUs for the upper parts of facial expressions
that are related to a number of emotional experiences: inner brow
raiser (AU 1; Figure 3A), upper lid raiser (AU 5; Figures 4G,H)
and lid tightener (AU 7; Figures 3B, 4F).

The surprise rating positively predicted the occurrence of
the inner brow raiser (Figure 3A). In other words, AU 1
was found to be more likely to occur when surprise was
experienced with greater intensity. Studies of fear expressions
are consistent with this combination of the inner brow raiser
in the mechanism of eye widening (Susskind and Anderson,
2008). The emergence of the inner brow raiser might be
tied to the evolutionary function of cognitive evaluation when
locating the source of an unseen startling event (Susskind et al.,
2008). Furthermore, this interpretation for the inner brow raiser
accords with surprised facial dynamics rooted in the perceptual
expectation of observers (Jack et al., 2014). This study seems
to empirically reinforce the function of AU 1. Experiences of
surprise might be related to other AUs like the outer brow raiser
(AU 2) and the upper lid raiser (AU 5), because these facial
actions also contribute to the adaptive function of widening the
eyes to perceive a greater field of visual information (Ekman
et al., 2002). However, Reisenzein et al. (2006) pointed out
that it is rare for these AUs to occur simultaneously when
people are actually surprised. Thus, as the occurrences of AU
2 and AU 5 were also not predicted by actually surprised
experiences in our study, this suggests that the inner brow raiser
(AU 1) might be more important in the appraisal of novelty
than the outer brow raiser (AU 2) or the upper lip raiser
(AU 5).

The upper lid raiser (AU 5) predicted not only experiences of
fear, but also experiences of tension (Figures 4F,G). Therefore,
this facial action might be able to infer people’s tension associated
with fear. Fear expressions in BET have been shown to be
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et al. (2014) also showed that the upper lid raiser is a component
A c . involved in confusion about the common transmission and
expectation of face signals related to surprise and fear. However,
our results indicate that the upper lid raiser may contribute to
3.40 2.65 the ability to distinguish surprise from fear, and provide new

[1.75, 8.08] [1.72,4.77]

AU 1 [

2.65

B happy | [1.68, 4.68]
relief
/ 174
[1.32, 2.44]

0.08
[0.02, 0.25]

FIGURE 3 | Model of the occurrence of each AU present in the facial
expressions predicted by 16 emotional ratings. The part labels show
emotional experiences predicting the following action units: Action Unit 1 (A),
Action Unit 7 (B), and Action Unit 10 (C). The white and black arrows indicate
positive and negative relationships, respectively. The coefficients on the side of
the node represent the Odds Ratio (OR). The numbers in brackets represent
the 95% confidence interval of the OR.

composed of multiple facial components: inner brow raiser (AU
1), outer brow raiser (AU 2), brow lowerer (AU 4) and upper lid
raiser (AU 5, Susskind et al., 2008; Reisenzein et al., 2013). Jack

evidence that the occurrence of AU 5 may implicate a sense of
urgency.

Our component-based approach revealed a number of
possible relationships that map the lid tightener (AU 7) onto
emotional experiences of happiness, contempt, and the absence
of relief (Figures 3B, 4F). Although many studies regarded the
cheek raiser (AU 6) as important components of genuinely happy
facial expressions (Frank and Ekman, 1993), our results showed
that the adjacent facial activity (i.e., the lid tightener) could be
more related to happy experiences than AU 6 as significant results
for it were not observed. Mattson et al. (2013) suggested that
eye-constriction units such as AU 7 have a systematic association
with intense negative and positive emotions. Messinger (2002)
also showed in studies of infants that the eye constriction cause
by happiness may also be caused by distress. Our results found
that the nature of distress caused by AU 7 might be comprised
of a lack of relief, considering prior studies of infants. Moreover,
a relationship between contempt and the lid tightener (AU 7)
is supported by the bidirectional models of the current study.
As contempt in the short-term context has been characterized
by a kind of derogation toward others (Fischer and Roseman,
2007), AU 7 may be involved in processes where observers
perceive humans who are engaging in behavior that is contrary
to their standards. Also, previous studies have indicated that
eye constriction induced by AU 7 may function to narrow
visual sensory stimulation (Susskind et al., 2008). Our findings

D E
AU10 . AU12‘
4.13 -1.81
G H

AU 5

FIGURE 4 | Model of the emotion ratings predicted by the occurrence of individual AUs. The part labels show action units predicting the following emotional
experiences: amusement (A), contentment (B), pain (C), disgust (D), embarrassment (E), contempt (F), fear (G), tension (H), and sadness (I). The white and black
arrows indicate positive and negative relationships, respectively. The coefficients on the side of the node represent significant .
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also suggest that the spontaneous occurrence of AU 7 during
an artificially generated moment of piqued distress could be
related in some way to the unconscious evolutionary function of
the eyelids to constrict and maintain an attention to plausibly
distressing stimuli in the external environment. In sum, the
empirical findings of the current study attest that AU 7 is involved
in emotional experiences as diverse as happiness, relief, and
contempt.

The Lower Parts of Facial Expressions:
AU 10, AU 12, and AU 23

In the lower parts of facial expressions, the occurrences of three
AUs were significantly correlated with emotional rating values:
the upper lip raiser (AU 10; Figures 3C, 4B,D,F), the lip corner
puller (AU 12; Figures 4A-EH) and the lip tightener (AU 23;
Figure 41).

Our proposed bidirectional model provides empirical support
that the upper lip raiser (AU 10) is related to the rating values
for the actual emotional experience of disgust (Figures 3C,
4D). The contempt and unsatisfaction ratings were also
positively predicted by the occurrence of this facial component
(Figures 4B,F). The correlation between disgust and contempt
in the current study was also very high (» = 0.83). From
the perspective of the social functionalist model, disgust and
contempt are known to overlap with each other (Hutcherson
and Gross, 2011). However, only disgust rating values related to
the upper lip raiser (AU 10) were supported by the bidirectional
model using model selection methods, not contempt rating
values. Thus, disgust might be the more relevant appraisal
domain for AU 10 than contempt. This is consistent with the role
of upper lip raiser (AU 10) as the characteristic component of
disgust in BET (Ekman et al., 2002). Furthermore, Ekman et al.
(2002) also suggested that the nose wrinkler (AU 9) may have the
same function as AU 10 in prototypical facial patterns of disgust.
The current study shows that the upper lip raiser might be more
important than the nose wrinkler as a facial reaction in actually
felt experiences of disgust. Indeed, Gosselin et al. (2010) showed
that 75% of adult participants could express the nose wrinkler
as a posed expression of disgust, while only 45% could express
the posed expression of the upper lip raiser. These facial actions
serve the evolutionary function of avoiding disease from toxic or
contaminated food by means of a negative emotional response to
something revolting (Rozin et al., 2008). It is plausible that AU
10 is more frequently expressed in spontaneous expressions of
disgust while AU 9 is more frequently expressed in posed ones as
a function of expression intensity.

The occurrence of the lip corner puller (AU 12) positively
predicted the rating values of amusement and contentment in the
absence of other people (Figures 4A,B). On the other hand, this
facial action negatively predicted pain, disgust, embarrassment,
contempt, and tension (Figures 4C-EH). The occurrences of
the lip corner puller not only predicted positive emotional
experiences, but also negative emotional experiences in the
opposite direction. Previous research has concluded that smiling
is not a reliable marker of positive emotions as it can suppress
or conceal negative emotional experiences (Zaki et al., 2009).

Rinn (1984) suggested that humans can control the motor
actions of the lower face more than those of the upper face,
leading to the phenomenon of smile manipulation. This facial
action could occur in many contexts like deception (McLellan
et al, 2010), relief (Kraft and Pressman, 2012) and greeting
(Eibl-Eibesfeldt, 1972). However, the current study revealed that
if people are not interacting or sharing the same space with
others, the components of the lip corner pullers can be reliably
predictors for the existence of positive emotional experiences,
and the absence of negative emotional experiences. Therefore,
the presence of others appears to influence the occurrence of the
facial components involved in smiling. Moreover, considering the
findings of the lid tightener (AU 7) related to happiness, the lip
corner puller (AU 12) did not include any significant relationship
with rating values of happiness. This study provides primarily
evidence that distinct positive emotional experiences can map
onto specific facial actions.

The spontaneous occurrence of the lip tightener (AU 23)
predicted sad experiences (Figure 4I). The coherence between
actual sadness and AU 23 was replicated under the non-social
experimental conditions of watching films to elicit emotion, as
well as re-experiencing autobiographical events to induce sadness
(Namba et al., 2017). The findings in this study also accord with
those described in Namba et al. (2017) which concluded that
lip tightening might signify the suppression of sad experiences.
Our study extends the cumulative evidence of spontaneous
facial expressions of sadness by establishing the role of facial
components related to lip tension.

In this way, these results provide preliminary experimental
evidence for component-based approaches to emotion-
expression coherence, as well as accounts of specific emotions
functioning as useful adaptations (Lench et al., 2016). In sum,
our results primarily showed that numerous individual facial
components mapped onto actual emotional experiences elicited
by films in ways that appear to correspond to their evolutionarily
functions.

Limitations and Future Studies

While this study has provided new evidence that there are
facial components which underlie a number of actual emotional
expressions, there were several limitations. First, when a person
experiences individual emotions, the AUs described in this study
might appear. However, it would be difficult to consider the
expressed AUs in this study as the sole determinant components
of individual emotions. Indeed, Scherer et al. (2013) claimed that
the observable units of facial behavior are more probabilistic
than deterministic. Moreover, the results of the present study
measured facial actions in only one context, which was for
participants to watch an emotion elicitation film. Hassin et al.
(2013) highlighted the role of context when people interpret
their internal state through facial expressions. Furthermore, the
present study used sixteen emotion rating scales, but the types of
emotion elicitation films were limited to the four that encompass
surprise, sadness, amusement and disgust. In addition, this
experimental scenario also might have affected the relationships
between each AU and some of the emotional experiences.
Although the participants watched emotion elicitation films
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in isolation, they could reasonably have concluded that these
conditions were created for the sake of the experiment. Thus, to
some extent, participating in the experiment itself under these
conditions could have created a plausible awareness that the
experimental scenario was artificial and thereby affected their
display of emotions. Future studies of facial components of
emotion should be conducted in multiple contexts, including
those in natural settings, or those that can elicit and account for
other emotions, and the social emotions.

Also, our result could not make the link between specific
facial actions and emotional experiences sufficiently clear because
there were crucial temporal gaps between the coded peak facial
expressions and the emotional rating values that were measured
after watching films. While we applied regression models to fill in
these gaps, it must be noted that our results should be interpreted
carefully. Despite recent studies denoting the importance of
dynamic aspects in facial expressions (Ambadar et al., 2005;
Krumhuber and Kappas, 2005), we did not investigate transitions
such as appraisal sequences (Scherer et al., 2013), as our analysis
was to limited to one rating value per trial. Nevertheless, we have
examined the relationships between peak facial expressions and
emotional experiences after watching clips based on the argument
that the rating values of emotional experiences are capable of
anchoring the peak time (Kahneman, 2011). Additional studies
should explore the methodologies vetted by previous studies such
as real-time physiological arousal, second-by-second continuous
ratings of emotional intensity, or cued review of emotions within
a time interval to further understand facial components of
emotion and overcome this temporal gap (Rosenberg and Ekman,
1994; Mauss et al., 2005; Fernandez-dols et al., 2011).

Finally, the results of this study are based on small samples
of young Japanese participants. Thus, the regression models
requiring hierarchical structures that can include random effects
of both participants and stimuli could not converge in this study.
Also, we could not explore the asymmetry of facial expressions,
which is relevant to the domain of spontaneous facial actions
(Mammucari et al., 1988; Ross and Pulusu, 2013; Korb et al., 2016;
see review by Murray et al., 2015), because the occurrence rate
of applicable action units was too low in our data to evaluate the
specificity of sidedness. Moreover, we cannot contribute anything

REFERENCES

Allport, F. H. (1924). Social Psychology. Boston, MA: Houghton Mifflin.

Ambadar, Z., Schooler, ]. W., and Cohn, J. F. (2005). Deciphering the enigmatic
face the importance of facial dynamics in interpreting subtle facial expressions.
Psychol. Sci. 16, 403-410. doi: 10.1111/j.0956-7976.2005.01548.x

Balconi, M., and Canavesio, Y. (2016). Empathy, approach attitude, and rTMs
on left DLPFC affect emotional face recognition and facial feedback (EMG).
J. Psychophysiol. 30, 17-28. doi: 10.1027/0269-8803/a000150

Bates, D., Machler, M., Bolker, B., and Walker, S. (2014). Fitting linear mixed-effects
models using Ime4. Available at: arxiv.org/abs/1406.5823.

Cacioppo, J. T., Bush, L. K., and Tassinary, L. G. (1992). Micro expressive facial
actions as a function of affective stimuli: replication and extension. Pers. Soc.
Psychol. Bull. 18, 515-526. doi: 10.1177/0146167292185001

Cacioppo, J. T., Petty, R. E., Losch, M. E., and Kim, H. S. (1986). Electromyographic
activity over facial muscle regions can differentiate the valence and intensity of
affective reactions. J. Pers. Soc. Psychol. 50, 260-268. doi: 10.1037//0022-3514.
50.2.260

to the debate on cultural differences or the universality of facial
components related to emotional experiences. If future studies
can collect and corroborate many samples of spontaneous facial
components from other populations or remote cultures, it will be
very meaningful for facial expression research.

Summary and Conclusion

This preliminary study used facial components as a basis to
provide fine-grained, cumulative, and empirical evidence of new
relationships for facial expressions and emotions beyond the
prototypical facial patterns promoted by BET. Moreover, we also
conducted secret recordings of observable facial expressions to
avoid the plausible influence of expressive intentions generated
in the presence of others as much as possible. Specifically, we
considered each facial component elicited by films as reflecting an
actually felt emotional experience on the part of the participant,
and our findings suggest that the relationship therein might be
related to the underlying adaptive functions of facial expressions.
This study took a component-based approach and captured
peak facial expressions while people watched film clips designed
to elicit target emotions under laboratory circumstances. In
addition, while we captured spontaneous reactions as they
occur when people are alone by themselves, how these precise
components translate to the social sphere remains to be seen.
Facial expressions depend heavily on the surrounding context,
and it will be necessary to corroborate these findings with data
from many other settings going forward.

AUTHOR CONTRIBUTIONS

All authors listed, have made substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This research was supported by the Center of Innovation
Program of the Japan Science and Technology Agency (JST)
(Grant No. 26285168).

Chovil, N. (1991). Social determinants of facial displays. J. Nonverbal Behav. 15,
141-154. doi: 10.1007/BF01672216

Darwin, C. (1872). The Expression of Emotion in Man and Animals. New York, NY:
Oxford University Press.

Dimberg, U., Thunberg, M., and Elmehed, K. (2000). Unconscious facial reactions
to emotional facial expressions. Psychol. Sci. 11, 86-89. doi: 10.1111/1467-9280.
00221

Eibl-Eibesfeldt, 1. (1972). Similarities and Differences between Cultures
Inexpressive Movements. Non-Verbal Communication. Cambridge: Cambridge
UniversityPress.

Ekman, P. (1992). An argument for basic emotions. Cogn. Emot. 6, 169-200.
doi: 10.1080/02699939208411068

Ekman, P. (1994). “All emotions are basic,” in The Nature of Emotion: Fundamental
Questions, eds P. Ekman and R. J. Davidson (New York, NY: Oxford University
Press), 15-19.

Ekman, P. (2003). Emotions Revealed. New York, NY: Times Books.

Ekman, P., Freisen, W. V., and Ancoli, S. (1980). Facial signs of emotional
experience. J. Pers. Soc. Psychol. 39, 1125-1134. doi: 10.1037/h0077722

Frontiers in Psychology | www.frontiersin.org

May 2017 | Volume 8 | Article 633


https://doi.org/10.1111/j.0956-7976.2005.01548.x
https://doi.org/10.1027/0269-8803/a000150
http://arxiv.org/abs/1406.5823
https://doi.org/10.1177/0146167292185001
https://doi.org/10.1037//0022-3514.50.2.260
https://doi.org/10.1037//0022-3514.50.2.260
https://doi.org/10.1007/BF01672216
https://doi.org/10.1111/1467-9280.00221
https://doi.org/10.1111/1467-9280.00221
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1037/h0077722
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Namba et al.

Facial Components of Emotional Experiences

Ekman, P., and Friesen, W. (1971). Constants across cultures in the face and
emotion. J. Pers. Soc. Psychol. 17, 124-129. doi: 10.1037/h0030377

Ekman, P., and Friesen, W. V. (1976). Pictures of Facial Affect. Palo Alto, CA:
Consulting Psychologists Press.

Ekman, P., and Friesen, W. V. (1978). Facial Action Coding System. Palo Alto, CA:
Consulting Psychologists Press.

Ekman, P., Friesen, W. V., and Hager, J. C. (2002). Facial Action Coding System,
2nd Edn. Salt Lake City, UT: Research Nexus eBook.

Fernédndez-dols, J. M., Carrera, P., and Crivelli, C. (2011). Facial behavior while
experiencing sexual excitement. J. Nonverbal Behav. 35, 63-71. doi: 10.1007/
510919-010-0097-7

Ferndndez-dols, J. M., and Crivelli, C. (2015). “Recognition of facial expressions:
past, present, and future challenges,” in Understanding Facial Expressions in
Communication: Cross-cultural and Multidisciplinary Perspectives, eds M. K.
Mandal and A. Awasthi (New Delhi: Springer), 19-40.

Fernédndez-dols, J. M., Sanchez, F., Carrera, P., and Ruiz-Belda, M. A. (1997).
Are spontaneous expressions and emotions linked? An experimental test of
coherence. J. Nonverbal Behav. 21, 163-177. doi: 10.1023/A:1024917530100

Fischer, A. H., and Roseman, I. J. (2007). Beat them or ban them: the characteristics
and social functions of anger and contempt. J. Pers. Soc. Psychol. 93, 103-115.
doi: 10.1037/0022-3514.93.1.103

Frank, M. G., and Ekman, P. (1993). Not all smiles are created equal: the differences
between enjoyment and nonenjoyment smiles. Humor 6, 9-26. doi: 10.1515/
humr.1993.6.1.9

Frank, M. G., Ekman, P., and Friesen, W. V. (1993). Behavioral markers and
recognizability of the smile of enjoyment. J. Pers. Soc. Psychol. 64, 83-93.
doi: 10.1037/0022-3514.64.1.83

Galati, D., Sini, B., Schmidst, S., and Tinti, C. (2003). Spontaneous facial expressions
in congenitally blind and sighted children aged 8-11. J. Vis. Impair. Blind. 97,
418-428.

Gamer, M., Lemon, J., Fellows, 1., and Singh, P. (2012). irr: Various Coefficients
of Interrater Reliability and Agreement. R Package Version 0.84. Available at:
https://cran.r- project.org/web/packages/irr/irr.pdf

Gentsch, K., Grandjean, D., and Scherer, K. (2015). Appraisals generate specific
configurations of facial muscle movements in a gambling task: evidence for the
component process model of emotion. PLoS ONE 10:e0135837. doi: 10.1371/
journal.pone.0135837

Gosselin, P., Maassarani, R., Younger, A., and Perron, M. (2011). Children’s
deliberate control of facial action units involved in sad and happy expressions.
J. Nonverbal Behav. 35, 225-242. doi: 10.1007/s10919-011-0110-9

Gosselin, P., Perron, M., and Beaupré, M. (2010). The voluntary control of facial
action units in adults. Emotion 10, 266-271. doi: 10.1037/a0017748

Gross, J. J., and Levenson, R. W. (1995). Emotion elicitation using films. Cogn.
Emot. 9, 87-108. doi: 10.1080/02699939508408966

Hassin, R., Aviezer, H., and Bentin, S. (2013). Inherently ambiguous: facial
expressions of emotions, in context. Emot. Rev. 5, 60-65. doi: 10.1177/
1754073912451331

Horstmann, G. (2003). What do facial expressions convey: feeling states, behavioral
intentions, or actions requests? Emotion 3, 150-166. doi: 10.1037/1528-3542.3.
2.150

Hutcherson, C. A., and Gross, J. J. (2011). The moral emotions: a social-
functionalist account of anger, disgust, and contempt. J. Pers. Soc. Psychol. 100,
719-737. doi: 10.1037/a0022408

Jack, R. E., Garrod, O. G., and Schyns, P. G. (2014). Dynamic facial expressions
of emotion transmit an evolving hierarchy of signals over time. Curr. Biol. 24,
187-192. doi: 10.1016/j.cub.2013.11.064

Kahneman, D. (2011). Thinking, Fast and Slow. New York, NY: Farrar, Straus and
Giroux.

Korb, S., Niedenthal, P., Kaiser, S., and Grandjean, D. (2014). The perception
and mimicry of facial movements predict judgments of smile authenticity.
PLoS ONE 9:¢99194. doi: 10.1371/journal.pone.0099194

Korb, S., Wood, A., Banks, C. A., Agoulnik, D., Hadlock, T. A., and Niedenthal,
P. M. (2016). Asymmetry of facial mimicry and emotion perception in
patients with unilateral facial paralysis. JAMA Facial Plast. Surg. 18, 222-227.
doi: 10.1001/jamafacial.2015.2347

Kraft, T. L., and Pressman, S. D. (2012). Grin and bear it the influence
of manipulated facial expression on the stress response. Psychol. Sci. 23,
1372-1378. doi: 10.1177/0956797612445312

Krumhuber, E., and Kappas, A. (2005). Moving smiles: the role of dynamic
components for the perception of the genuineness of smiles. J. Nonverbal Behav.
29, 3-24. doi: 10.1007/s10919-004-0887-x

Krumhuber, E. G., Likowski, K. U., and Weyers, P. (2014). Facial mimicry of
spontaneous and deliberate Duchenne and non-Duchenne smiles. J. Nonverbal
Behav. 38, 1-11. doi: 10.1007/s10919-013-0167-8

Krumhuber, E. G., and Manstead, A. S. (2009). Can Duchenne smiles be feigned?
New evidence on felt and false smiles. Emotion 9, 807-820. doi: 10.1037/
20017844

Krumhuber, E. G., and Scherer, K. R. (2011). Affect bursts: dynamic patterns of
facial expression. Emotion 11, 825-841. doi: 10.1037/a0023856

Kunzmann, U., Kupperbusch, C. S., and Levenson, R. W. (2005). Behavioral
inhibition and amplification during emotional arousal: a comparison of two age
groups. Psychol. Aging 20, 144-158. doi: 10.1037/0882-7974.20.1.144

Lang, P. J., Greenwald, M. K., Bradley, M. M., and Hamm, A. O. (1993). Looking
at pictures: affective, facial, visceral, and behavioral reactions. Psychophysiology
30, 261-273. doi: 10.1111/j.1469-8986.1993.tb03352.x

Lench, H., Tibbett, T., and Bench, S. (2016). Exploring the toolkit of emotion: what
do sadness and anger do for us? Soc. Personal. Psychol. Compass 10, 11-25.
doi: 10.1111/spc3.12229

Levenson, R. W., Ekman, P., Heider, K., and Friesen, W. V. (1992). Emotion
and autonomic nervous system activity in the Minangkabau of West Sumatra.
J. Pers. Soc. Psychol. 62, 972-988. doi: 10.1037/0022-3514.62.6.972

Lewis, M. (2012). Exploring the positive and negative implications of facial
feedback. Emotion 12, 852-859. doi: 10.1037/a0029275

Mammucari, A., Caltagirone, C., Ekman, P., Friesen, W., Gainotti, G.,
Pizzamiglio, L., et al. (1988). Spontaneous facial expression of emotions in
brain-damaged patients. Cortex 24, 521-533. doi: 10.1016/S0010-9452(88)
80046-7

Matsumoto, D., Keltner, D., Shiota, M. N., O’Sullivan, M., and Frank, M. (2008).
Facial expressions of emotion. Handb. Emot. 3, 211-234.

Matsumoto, D., and Willingham, B. (2006). The thrill of victory and the agony of
defeat: spontaneous expressions of medal winners of the 2004 Athens Olympic
Games. J. Pers. Soc. Psychol. 91, 568-581. doi: 10.1037/0022-3514.91.3.568

Matsumoto, D., and Willingham, B. (2009). Spontaneous facial expressions of
emotion of congenitally and noncongenitally blind individuals. J. Pers. Soc.
Psychol. 96, 1-10. doi: 10.1037/a0014037

Mattson, W., Cohn, J., Mahoor, M., Gangi, D., and Messinger, D. (2013). Darwin’s
Duchenne: eye constriction during infant joy and distress. PLoS ONE 8:¢80161.
doi: 10.1371/journal.pone.0080161

Mauss, 1. B., Levenson, R. W., McCarter, L., Wilhelm, F. H., and Gross, J. J.
(2005). The tie that binds? Coherence among emotion experience, behavior, and
physiology. Emotion 5, 175-190. doi: 10.1037/1528-3542.5.2.175

Mavadati, S. M., Mahoor, M. H., Bartlett, K., Trinh, P., and Cohn, J. F. (2013). Disfa:
a spontaneous facial action intensity database. IEEE Trans. Affect. Comput. 4,
151-160. doi: 10.1109/T- AFFC.2013.4

McIntosh, D. (1996). Facial feedback hypotheses: evidence, implications, and
directions. Motiv. Emot. 20, 121-147. doi: 10.1007/BF02253868

McLellan, T., Johnston, L., Dalrymple-Alford, J., and Porter, R. (2010). Sensitivity
to genuine versus posed emotion specified in facial displays. Cogn. Emot. 24,
1277-1292. doi: 10.1080/02699930903306181

Messinger, D. (2002). Positive and negative: infant facial expressions and emotions.
Curr. Dir. Psychol. Sci. 11, 1-6. doi: 10.1111/1467-8721.00156

Murata, A., Saito, H., Schug, J., Ogawa, K., and Kameda, T. (2016). Spontaneous
facial mimicry is enhanced by the goal of inferring emotional states: evidence for
moderation of “automatic” mimicry by higher cognitive processes. PLoS ONE
11:¢0153128. doi: 10.1371/journal.pone.0153128

Murray, E. M., Krause, W. H,, Stafford, R. J., Bono, A. D., Meltzer, E. P., and Borod,
J. C. (2015). “Asymmetry of facial expressions of emotion,” in Understanding
Facial Expressions in Communication: Cross-cultural and Multidisciplinary
Perspectives, eds M. K. Mandal and A. Awasthi (New Delhi: Springer), 73-99.

Namba, S., Kagamihara, T., Miyatani, M., and Nakao, T. (2017). Spontaneous facial
expressions reveal new action units for the sad experiences. J. Nonverbal Behav.
41, 1-18. doi: 10.1007/s10919-017-0251-6

Namba, S., Makihara, S., Kabir, R. S., Miyatani, M., and Nakao, T. (2016).
Spontaneous facial expressions are different from posed facial expressions:
morphological properties and dynamic sequences. Curr. Psychol. 35, 1-13.
doi: 10.1007/s12144-016-9448-9

Frontiers in Psychology | www.frontiersin.org

May 2017 | Volume 8 | Article 633


https://doi.org/10.1037/h0030377
https://doi.org/10.1007/s10919-010-0097-7
https://doi.org/10.1007/s10919-010-0097-7
https://doi.org/10.1023/A:1024917530100
https://doi.org/10.1037/0022-3514.93.1.103
https://doi.org/10.1515/humr.1993.6.1.9
https://doi.org/10.1515/humr.1993.6.1.9
https://doi.org/10.1037/0022-3514.64.1.83
https://cran.r-project.org/web/packages/irr/irr.pdf
https://doi.org/10.1371/journal.pone.0135837
https://doi.org/10.1371/journal.pone.0135837
https://doi.org/10.1007/s10919-011-0110-9
https://doi.org/10.1037/a0017748
https://doi.org/10.1080/02699939508408966
https://doi.org/10.1177/1754073912451331
https://doi.org/10.1177/1754073912451331
https://doi.org/10.1037/1528-3542.3.2.150
https://doi.org/10.1037/1528-3542.3.2.150
https://doi.org/10.1037/a0022408
https://doi.org/10.1016/j.cub.2013.11.064
https://doi.org/10.1371/journal.pone.0099194
https://doi.org/10.1001/jamafacial.2015.2347
https://doi.org/10.1177/0956797612445312
https://doi.org/10.1007/s10919-004-0887-x
https://doi.org/10.1007/s10919-013-0167-8
https://doi.org/10.1037/a0017844
https://doi.org/10.1037/a0017844
https://doi.org/10.1037/a0023856
https://doi.org/10.1037/0882-7974.20.1.144
https://doi.org/10.1111/j.1469-8986.1993.tb03352.x
https://doi.org/10.1111/spc3.12229
https://doi.org/10.1037/0022-3514.62.6.972
https://doi.org/10.1037/a0029275
https://doi.org/10.1016/S0010-9452(88)80046-7
https://doi.org/10.1016/S0010-9452(88)80046-7
https://doi.org/10.1037/0022-3514.91.3.568
https://doi.org/10.1037/a0014037
https://doi.org/10.1371/journal.pone.0080161
https://doi.org/10.1037/1528-3542.5.2.175
https://doi.org/10.1109/T-AFFC.2013.4
https://doi.org/10.1007/BF02253868
https://doi.org/10.1080/02699930903306181
https://doi.org/10.1111/1467-8721.00156
https://doi.org/10.1371/journal.pone.0153128
https://doi.org/10.1007/s10919-017-0251-6
https://doi.org/10.1007/s12144-016-9448-9
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Namba et al.

Facial Components of Emotional Experiences

R Core Team (2016). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.

Reisenzein, R., Bérdgen, S., Holtbernd, T., and Matz, D. (2006). Evidence for strong
dissociation between emotion and facial displays: the case of surprise. J. Pers.
Soc. Psychol. 91, 295-315. doi: 10.1037/0022-3514.91.2.295

Reisenzein, R., Studtmann, M., and Horstmann, G. (2013). Coherence between
emotion and facial expression: evidence from laboratory experiments. Emot.
Rev. 5, 16-23. doi: 10.1177/1754073912457228

Rinn, W. E. (1984). The neuropsychology of facial expressions: a review of the
neurological and psychological mechanisms for producing facial expressions.
Psychol. Bull. 95, 52-77. doi: 10.1037/0033-2909.95.1.52

Rosenberg, E. L., and Ekman, P. (1994). Coherence between expressive and
experiential systems in emotion. Cogn. Emot. 8, 201-229. doi: 10.1080/
02699939408408938

Ross, E. D., and Pulusu, V. K. (2013). Posed versus spontaneous facial expressions
are modulated by opposite cerebral hemispheres. Cortex 49, 1280-1291.
doi: 10.1016/j.cortex.2012.05.002

Rozin, P., Haidt, J.,, and McCauley, C. R. (2008). “Disgust,” in Handbook of
Emotions, 3rd Edn, eds M. Lewis, J. M. Haviland-Jones, and L. F. Barrett
(New York, NY: Guilford Press), 757-776.

Russell, J. A., Weiss, A., and Mendelsohn, G. A. (1989). Affect grid: a single-item
scale of pleasure and arousal. J. Pers. Soc. Psychol. 57, 493-502. doi: 10.1037/
0022-3514.57.3.493

Sato, W., Noguchi, M., and Yoshikawa, S. (2007). Emotion elicitation effect of films
in a Japanese sample. Soc. Behav. Personal. 35, 863-874. doi: 10.2224/sbp.2007.
35.7.863

Scherer, K., Mortillaro, M., and Mehu, M. (2013). Understanding the mechanisms
underlying the production of facial expression of emotion: a componential
perspective. Emot. Rev. 5, 47-53. doi: 10.1177/1754073912451504

Smith, C., and Scott, H. (1997). “A componential approach to the meaning of facial
expressions,” in The Psychology of Facial Expression, eds J. A. Russell and J. M.
Fernandez-dols (New York, NY: Cambridge University Press), 229-254.

Soussignan, R. (2002). Duchenne smile, emotional experience, and autonomic
reactivity: a test of the facial feedback hypothesis. Emotion 2, 52-74.
doi: 10.1037/1528-3542.2.1.5

Susskind, J. M., and Anderson, A. K. (2008). Facial expression form and function.
Commun. Integr. Biol. 1, 148-149. doi: 10.4161/cib.1.2.6999

Susskind, J. M., Lee, D. H., Cusi, A., Feiman, R., Grabski, W., and Anderson,
A. K. (2008). Expressing fear enhances sensory acquisition. Nat. Neurosci. 11,
843-850. doi: 10.1038/nn.2138

Tomkins, S. (1962). Affect, Imagery, Consciousness: The Positive Affects, Vol. 1.
New York, NY: Springer.

Tomkins, S. S. (1982). “Affect theory,” in Emotion in the Human Face, 2nd Edn, ed.
P. Ekman (New York, NY: Cambridge University Press), 353-395.

Venables, W. N., and Ripley, B. D. (2002). Modern Applied Statistics with S.
New York, NY: Springer.

Whalen, P. ], Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., and Jenike,
M. A. (1998). Masked presentations of emotional facial expressions modulate
amygdala activity without explicit knowledge. J. Neurosci. 18, 411-418.

With, S., and Kaiser, W. S. (2011). Sequential patterning of facial actions in
the production and perception of emotional expressions. Swiss J. Psychol. 70,
241-252. doi: 10.1024/1421-0185/a000062

Zaki, J., Bolger, N., and Ochsner, K. (2009). Unpacking the informational
bases of empathic accuracy. Emotion 9, 478-487. doi: 10.1037/a00
16551

Zhang, X., Yin, L., Cohn, J. F,, Canavan, S., Reale, M., Horowitz, A., et al.
(2014). BP4D-Spontaneous: a high-resolution spontaneous 3D dynamic facial
expression database. Image Vis. Comput. 32, 692-706. doi: 10.1016/j.imavis.
2014.06.002

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Namba, Kabir, Miyatani and Nakao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

11

May 2017 | Volume 8 | Article 633


https://doi.org/10.1037/0022-3514.91.2.295
https://doi.org/10.1177/1754073912457228
https://doi.org/10.1037/0033-2909.95.1.52
https://doi.org/10.1080/02699939408408938
https://doi.org/10.1080/02699939408408938
https://doi.org/10.1016/j.cortex.2012.05.002
https://doi.org/10.1037/0022-3514.57.3.493
https://doi.org/10.1037/0022-3514.57.3.493
https://doi.org/10.2224/sbp.2007.35.7.863
https://doi.org/10.2224/sbp.2007.35.7.863
https://doi.org/10.1177/1754073912451504
https://doi.org/10.1037/1528-3542.2.1.5
https://doi.org/10.4161/cib.1.2.6999
https://doi.org/10.1038/nn.2138
https://doi.org/10.1024/1421-0185/a000062
https://doi.org/10.1037/a0016551
https://doi.org/10.1037/a0016551
https://doi.org/10.1016/j.imavis.2014.06.002
https://doi.org/10.1016/j.imavis.2014.06.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	Spontaneous Facial Actions Map onto Emotional Experiences in a Non-social Context: Toward a Component-Based Approach
	Introduction
	Materials And Methods
	Participants
	Emotion Elicitation
	Procedure
	Facial Data
	Selection of Apex
	Facial Coding
	Statistical Analysis

	Results
	Which Emotional Experiences Predicted Each AU?
	Which Facial Actions Predicted Each Emotional Experience?

	Discussion
	The Upper Parts of Facial Expressions: AU 1, AU 5, and AU 7
	The Lower Parts of Facial Expressions: AU 10, AU 12, and AU 23
	Limitations and Future Studies
	Summary and Conclusion

	Author Contributions
	Funding
	References


