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• We investigated the difference in subjective perception and
spontaneous facial mimicry when observing live vs. pre-
recorded dynamic facial expressions.

• Facial expressions of emotion are indispensable
communicative signals to create and maintain social
relationships in real-life.

• The observation of emotional facial expressions automatically
induce subjective and physiological responses (e.g.,
mimicking facial muscle activation and autonomic arousal)1.

• Most of prior research presented pre-recorded photos or
videos of facial expressions, which compromised the potential
for “live” interactions, the generalizability and ecological
validity of their results2.
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! 2-by-2 design:
! Factor 1: Live - Video vs. Live
! Factor 2: Emotion - Positive vs. Negative

! Passive Viewing: 15 trials per condition,
totally 60 trials. EMG was recorded.
! Instruction: real person or video, 1.25 s
! Video or live expression: neutral expression

for 1 s, dynamic expression change for 1 s,
maximal expression for 1 s, totally 3 s

! Rating: 4 trials per condition, totally 16 trials
! Instruction for 1.25 s
! Video or live expression for 3 s
! Affective Grid Ratings (Valence & Arousal)7

• Whether emotional responses (subjective feeling and 
spontaneous facial mimicry) is stronger when observing 
live vs. pre-recorded dynamic facial expressions.

1. Watching Eyes Effects: genuine eye-contact increases
arousal, captures attention, delivers the intention to
communicate, and activates the Theory of Mind
network3, 4, 5.

2. Emotion Contagion: social attention, facial mimicry,
emotion recognition and emotion contagion are closely
associated. Previous studies have demonstrated that
video of dynamic facial expressions enhanced facial
mimicry and emotion contagion6.

3. We propose that live interaction could be even more
effective for emotion contagion.

• Subjects: 23 female adults. Mean age = 22.48 ± 2.27
years, ranged from 18 to 27.

• Two female models aged 20. Each model recorded 15
positive (smiling) and 15 negative (frowning) clips of
dynamic facial expressions for the video trials.

Summary
1. Significant main effect of Emotion in rating and EMG data validated the pre-recorded and live

stimuli in this study, and replicated previous results of spontaneous facial mimicry (enhanced ZM
and relaxed CS activity in the positive conditions) when observing dynamic facial expression.

2. Participants are more aroused when they view live dynamic facial expressions.
3. Live factor significantly interacted with the Emotion effect. Smiling were rated as more arousing

and more positive in live conditions. The interaction observed in CS was consisted of more
relaxation in the Positive-Live than in the Positive-Video condition and more enhancement in the
Negative-Live than in the Negative-Video condition. The interaction observed in ZM consisted of
more contraction in the Positive-Live than in the Positive-Video condition.

4. Our hypothesis was supported that live interaction enhanced the effect of emotion contagion.
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• EMG data preprocessing: notch filter around 60 Hz and the
multitudes of 60 Hz, high-pass filter at 20 Hz and low-pass
filter at 500 Hz. For each trial, the signal was detrended,
baseline removed, and the absolute values were log-
transformed.

• Linear Mixed Effects Models and model comparisons were
performed in R (v 3.6.1) with the following packages: lmer4
1.1-21, lmerTest 3.1-1 and emmeans 1.4.4.

• Optimizer: BOBYQA
• Formula: Y ~ 1+emotion*live + (1+emotion+live | subject)
• Dependent variables (Y) included valence ratings, arousal

ratings, difference between the neutral phase and maximal
phase during dynamic facial expression observation of EMG
measures of CS and ZM.

• Significant interactions were followed by post-hoc pairwise
comparisons and corrected with the tukey method.

Data Analysis

Corrugator 

Zygomaticus

• Facial Electromyogram (EMG) was
recorded for Zygomaticus major (ZM,
the muscle for smiling) and
Corrugator superciili (CS, the muscle
for frowning) via the BrainVision
amplifier and recorder.
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Figure 1. The Affect Grid. (The subject first reads the general instruc-
tions [given in the Appendix] and then is given specific instructions,
such as "Please rate how you are feeling right now." The subject places
one checkmark somewhere in the grid. The pleasure-displeasure (P)
score is taken as the number of the square checked, with squares num-
bered along the horizontal dimension, counting 1 to 9 starting at the left.
The arousal-sleepiness (A) score is taken as the number of the square
checked, with squares numbered along the vertical dimension, counting
1 to 9 starting at the bottom.)

more modern psychology, the concept has emerged in varied
contexts. Pleasure, evaluation, or positivity has appeared as the
primary factor in studies of the meaning of concepts in general
(Osgood, Suci, & Tannenbaum, 1957) and affective concepts in
particular (Bush, 1973; Neufeld, 1975; J. A. Russell, 1978,
1980), in studies of the perception of nonverbal emotional sig-
nals (Dittmann, 1972; Emde, Kligman, Reich, & Wade, 1978;
Frijda, 1969; Mehrabian, 1972; Osgood, 1966; J. A. Russell &
Steiger, 1982; Schlosberg, 1954), and in self-reports of current
affective state (J. A. Russell, 1979, 1980).

The concept of arousal is of more recent origin, although it
too can be traced back at least as far as Wundt's (1912/1924)
introspections, which resulted in his proposing the dimension
of tension-relaxation. Arousal, activity, or activation has ap-
peared as a major factor in all those studies in modern psychol-
ogy cited in the previous paragraph as demonstrating a plea-
sure-displeasure factor. Within psychology, the word arousal
has also been used to refer to a dimension of physiological activ-
ity (Duffy, 1957; Lindsley, 1951). Although the arousal dimen-
sion we are referring to may be based on and highly correlated
with physiological activity, we consider any such relationship an
empirical matter and emphasize that arousal here refers to a
dimension of reported subjective feeling.

Pleasure and arousal are here considered to be dimensions,
that is to say, continua; we take this to be self-evident. Further,
pleasure is here considered to be the bipolar opposite of displea-
sure, and arousal to be the bipolar opposite of sleepiness (for
supporting evidence, see J. A. Russell, 1979). Finally, pleasure-
displeasure is here considered orthogonal to (i.e., independent
of) arousal-sleepiness. By this we mean that the two are con-
ceptually separate, even if they happen to be correlated posi-
tively or negatively in specific circumstances. Much of the evi-

dence already cited is consistent with this assumption; it was
directly tested and supported by J. A. Russell and Pratt (1980).

Watson and Tellegen (1985) recently proclaimed a consensus
on a two-dimensional structure of affect. They noted, as we did,
the convergence of different kinds of evidence: "In these studies
Pleasantness-Unpleasantness. . .and degree of Arousal or Ac-
tivation . . . have consistently, although not invariably,
emerged as the two major dimensions" (p. 219). They then re-
analyzed those studies on self-reported mood that had appeared
to be at variance with this consensus and, again, obtained a two-
dimensional structure. Their proposed model for that structure
was said to be descriptively bipolar, with pleasantness-unpleas-
antness orthogonal to a dimension they termed engagement
(aroused, astonished, surprised) versus disengagement (quies-
cent, quiet, still).

Watson and Tellegen (1985) also observed that many affect
terms fall midway between these two dimensions. Rotating the
traditional axes 45° produced two alternative dimensions,
which they labeled positive affect and negative affect. Although
these labels might suggest a conflict between Watson and
Tellegen's model of affect and that which we are assuming in
this article, Watson and Tellegen (1985) emphasized "the basic
compatibility of the structures denned by these two alternative
rotations" (p. 222). Mayer and Gaschke (1988) recently offered
empirical evidence on this claim.

Earlier, J. A. Russell and Pratt (1980) had described the di-
mensions obtained by the same 45° rotation of the pleasure and
arousal axes as, respectively, excitement versus depression and
stress versus relaxation. They developed scales for the end
points of these dimensions as well as for pleasantness-unpleas-
antness and arousal-sleepiness in the context of affective quali-
ties attributed to environmental stimuli. The result was eight
marker scales evenly spaced around the perimeter of the two-
dimensional affect space. Those familiar with the idea of a cir-
cumplex will think of a related but fuller interpretation of affect
space. Quite different sources of evidence have led to the idea
that affect descriptors fall in a more or less continuous circular
order around the edges of affect space (Plutchik, 1980; J. A.
Russell, 1980; J. A. Russell & Bullock, 1985; Schlosberg, 1952).
From a circumplex point of view, any rotation of the axes is
possible because the structure of affect is determined by the
circular ordering.

In short, few psychologists would doubt that the dimensions
of pleasure-displeasure and arousal-sleepiness, or some rota-
tion of them or structure containing them, are part of the de-
scription of affect. Still, many may be surprised at how much of
the information contained in self-reports of affective state can
be summarized with these two dimensions. J. A. Russell and
Mehrabian (1977) showed that most of the reliable variance in
42 commonly used self-report affect scales, most purporting to
assess discrete categories of emotion, could be predicted from
scores on pleasure-displeasure, arousal-sleepiness, and domi-
nance-submissiveness (with the last dimension accounting for
only a small fraction of the variance) plus a method factor.
J. A. Russell and Steiger (1982) showed that scores on McNair,
Lorr, and Droppleman's (1971) Profile of Mood States could be
predicted in a similar way.

There are other grounds for preferring an assessment tech-
nique based on orthogonal bipolar dimensions over one based
on discrete categories of emotions (J. A. Russell, in press). Cate-

• Arousal Ratings
• Emotion: t(23) = 4.865, p < .001
• Live: t(23) = 1.628, p = .0586
• Interaction: t(299) = 1.683, p = .0467

• Valence Ratings
• Emotion: t(23) = 8.203, p < .001
• Interaction : t(299) = 2.376, p = .0095
• Post-hoc positive-live vs positive-video:

t(58.9) = 2.356, p = .0486

• Corrugator superciili
• Emotion: t(23) = -3.043, p = .0029
• Interaction : t(1330) = -2.141, p = .0162
• Post-hoc positive-live vs positive-video:

t(34.8) = -2.434, p = .038

• Zygomaticus major
• Emotion: t(23) = 2.16, p = .0258
• Interaction: t(1330) =  1.661, p = .0485

1. Sato, W., & Yoshikawa, S. (2007). Cognition, 104, 1–18.
2. Reader, A. T. & Holmes, N. P. (2016). Cult Brain 4, 134–146.
3. Conty, L., George, N., & Hietanen, J. K. (2016). Consciousness and Cognition, 45, 184–197.
4. Frith, C. D. (2012). Phil. Trans. R. Soc. B, 367(1599), 2213–2223.
5. Senju, A., & Johnson, M. H. (2009). Trends in Cognitive Sciences, 13(3), 127–134.
6. Hess, U., & Blairy, S. (2001). International Journal of Psychophysiology, 40, 129–141.
7. Russell, J. A., Weiss, A., & Mendelsohn, G. A. (1989). Journal of Personality and Social 

Psychology, 57(3), 493–502.


