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Virtual Character Facial Expressions
Influence Human Brain and Facial EMG
Activity in a Decision-Making Game
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Abstract—We examined the effects of the emotional facial expressions of a virtual character (VC) on human frontal
electroencephalographic (EEG) asymmetry (putatively indexing approach/withdrawal motivation), facial electromyographic
(EMG) activity (emotional expressions), and social decision making (cooperation/defection). In a within-subjects design, the
participants played the Iterated Prisoner’s Dilemma game with VCs with different dynamic facial expressions (predefined or
dependent on the participant’s electrodermal and facial EMG activity). In general, VC facial expressions elicited congruent facial
muscle activity. However, both frontal EEG asymmetry and facial EMG activity elicited by an angry VC facial expression varied
as a function of preceding interactional events (human collaboration/defection). Pre-decision inner emotional-motivational
processes and emotional facial expressions were dissociated, suggesting that human goals influence pre-decision frontal
asymmetry, whereas display rules may affect (pre-decision) emotional expressions in human-VC interaction. An angry VC facial
expression, high pre-decision corrugator EMG activity, and relatively greater left frontal activation predicted the participant’s
decision to defect. Both post-decision frontal asymmetry and facial EMG activity were related to reciprocal cooperation. The
results suggest that the justifiability of VC emotional expressions and the perceived fairness of VC actions influence human

emotional responses.

Index Terms— Virtual characters, emotions, neurophysiology, decision making
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1 INTRODUCTION

HE role of emotions in human decision making is well

established [1], [2], [3], [4]. When humans make deci-
sions whether to trust and cooperate with others, they
usually rely on different types of information, including
the action history of the other (if available [5]) and tacit
cues of trustworthiness derived from physical appearance
[6], [7], and, more importantly, nonverbal emotional ex-
pressions [8], [9]. Recent research shows that also emo-
tional facial expressions of a VC (or embodied agent) af-
fect human decision making in human-VC interaction
[10], [11], [12]. For example, de Melo and colleagues
found that people concede more to an agent that express-
es anger compared to an agent expressing happiness in
human-agent negotiation [10], and cooperate more with
an agent communicating a cooperative vs. individualistic
goal orientation through facial display patterns [11].

The interpretation of nonverbal behavior is strongly
dependent on the context (e.g., a smile after having de-
fected may be interpreted differently compared to a smile
after having cooperated [13]). However, and even though
the influence of VC emotional displays on decision mak-
ing is likely to be mediated by human emotions, there is a
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paucity of studies examining human emotional-
motivational processes, in particular at the level of brain
activities and facial expressions, elicited by VC facial dis-
plays in different contexts (e.g., preceding interactional
events; but see [14]). Therefore, the present study was
designed to examine how the facial displays of a VC in-
fluence human approach/withdrawal motivation, as in-
dexed by electroencephalographic (EEG) asymmetry over
the prefrontal cortex (relative activity of the left and right
hemispheres), and emotional expressions, as indexed by
facial electromyography (EMG), during the Iterated Pris-
oner’s Dilemma game (with monetary or equivalent
stakes). We expected that inner emotional-motivational
processes (putatively indexed by frontal EEG asymmetry)
and emotional facial expressions may be dissociated, as-
suming that display rules (i.e., learned rules dictating the
management of emotional expressions based on social
circumstances) might affect emotional expressions also in
human-VC interaction (see e.g., [15]). We then also exam-
ined how frontal EEG asymmetry and facial EMG activity
predict cooperation in the game, and how the outcome of
the game affects physiological responses.

1.1 VC’s Facial Expressions and Decision Making

There are two main theoretical positions on the role of
facial expressions. According to the emotion-expression
view, facial displays are first and foremost readouts of a
person’s internal emotional state (e.g., [16]). According to
the behavioral ecology view, facial displays are social sig-
nals, communicating behavioral intentions or social mo-
tives [17]. However, recent evidence indicates that, in so-
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cial situations, displays are affected by both emotional
and social factors (e.g., [18], [19], see also [80]; for a re-
view, see [20]). Appraisal theories posit that emotions are
elicited and differentiated by the results of the individu-
al’s evaluation of events in terms of their consequences
for one’s goals or needs [21].

In many situations, people have to choose whether to
pursue their own self-interest or to rely on another person
to maximize collective interests [22]. Cooperation may
entail gains, but there is a risk of being exploited by
cheaters taking advantage of the cooperator [23]. Trust
plays an important role in the development of coopera-
tion [24]. Clearly, for an individual, it is advantageous to
be able to quickly detect interaction partners whom one
can trust and who are likely to be cooperative. Coopera-
tive and altruistic individuals have been shown to display
higher levels of positive emotion compared to non-
cooperators, although the degree to which displays of
positive emotion reflect a cooperative disposition may
depend on the situation (e.g., [8]). However, Schug,
Matsumoto, Horita, Yamagishi, and Bonner [9] suggested
that overall emotional expressivity may be a more reliable
signal of cooperativeness than displays of positive emo-
tion alone. Photographs of smiling faces of alleged non
co-located humans have also been shown to elicit cooper-
ation from participants in a trust game [25]. The interpre-
tation of a smile in terms of the intention it indicates is
also modulated by interpersonal factors, such as in-group
and out-group membership [79]. This conforms to the
view that emotional expressions provide information
about a person’s current emotions, beliefs, intentions, and
orientations towards the relationship (e.g., trustworthy or
antagonistic [26], [27]). Human decision making is influ-
enced by emotional expressions of not only other humans
but also VCs. For example, de Melo and co-workers [28]
have shown that people cooperate more with a VC ex-
pressing moral emotions (anger, shame, gratitude) ac-
cording to the action history of the Iterated Prisoner’s
Dilemma game compared to a VC expressing no emotions
(see also [11]).

According to Frank’s [29] view, before engaging in co-
operation in social dilemmas, people look for cues in oth-
ers that they might be willing to cooperate. Hence, one
would expect that happy (smiling) VC faces would elicit
cooperation in the Iterated Prisoner’s Dilemma game. VC
cooperation in the previous trial may also increase the
confidence in the benevolent social meaning of a smile. In
contrast, an angry face is a threatening stimulus that
would be expected to elicit distrust [30, see also 78]. Peo-
ple may infer that a person expressing anger is not likely
to engage in cooperative behavior. This leads to the first
hypothesis (H):

H1: A happy VC facial expression will elicit coopera-
tion, especially when the VC has cooperated in the previ-
ous trial, whereas an angry VC facial expression will elicit
defection.

1.2 Human Facial Expressions during Human-
Virtual Character Interaction

Given the role played by emotional displays in engaging
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in cooperation, it is also of import to examine the factors
influencing human facial expressions when interacting
with a VC. Humans are predisposed to react to emotional
facial expressions with facial mimicry in terms of specific,
congruent facial muscle activity [31]. Studies using facial
electromyography (EMG) have shown that happy facial
stimuli spontaneously evoke increased activity over zy-
gomaticus major (cheek muscle region that is activated
when smiling) and orbicularis oculi (periocular muscle
region that is activated particularly during enjoyment
smile), whereas angry faces elicit increased activity over
corrugator supercilii (brow muscle area that is activated
during frowning [31], [32], [33]. Facial reactions have been
suggested as being controlled by biologically given affect
programs that operate automatically and independently
of any conscious cognitive processes [31]. Observing an-
other person’s facial expression may also induce a similar
emotional state in the observer (i.e., emotional contagion
[34]). Not only human emotional facial expressions but
also VC facial expressions elicit congruent facial muscle
activity. In two studies, a VC’s happy expression elicited
increased zygomatic EMG activity, but an angry expres-
sion elicited no significant corrugator supercilii activation
[30], [35]. Hence, we presented the following hypothesis:

H2: Happy and (pleasantly) relaxed VC faces will elicit
greater zygomaticus major and orbicularis oculi, and
lower corrugator supercilii, facial EMG activity compared
to a neutral face, whereas the opposite will be true for
angry and sad VC faces.

Although facial EMG measures may be related to a
person’s internal emotional state (for a review, see [36]),
we expected that human facial expressions as measured
by facial EMG would primarily serve a social communi-
cative function when interacting with a VC in the Iterated
Prisoner’s Dilemma game. No prior studies have yet ex-
amined whether display rules affecting emotional facial
expressions in human-to-human interaction will also af-
fect human facial expressions in human-VC interaction.
People have been suggested to learn, through a process of
socialization, to manage the appearance of particular
emotions in particular situations ([37], [15]). That is, peo-
ple may inhibit (deintesify) or facilitate (intensify) their
facial behavior in accordance with their knowledge of the
appropriateness or advantageousness of a particular emo-
tional expression in a particular context. The application
of display rules can also occur automatically and outside
of awareness [15]. We expected that human (pre-decision)
facial expressions elicited by VC facial displays would
depend also on the preceding interactional events (e.g.,
human cooperation). Anger has been suggested to serve
as a call for behavioral adjustment [38]. To safeguard suc-
cessful social exchange, it is usually wise to take into ac-
count the expression of anger by one’s interaction partner.
Thus, a VC angry expression after the participant has de-
fected (noncooperated) should lead to diminished smiling
(as smiling could be interpreted as a sign of malicious
pleasure) and diminished frowning (as the VC anger ex-
pression can be regarded as justifiable) by the participant.
This leads to the next hypothesis.

H3: An angry VC facial expression will elicit less zy-
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gomatic, orbicularis oculi, and corrugator EMG activity
(less smiling and frowning) when the participant has de-
fected compared to cooperated in the previous trial.

As noted above, facial expressions may provide infor-
mation on intentions and future actions [17]. A frowning
expression (typical also for anger) would be expected to
signal antagonism rather than willingness to engage in
cooperative behavior. Pillutla and Murnighan [39] also
showed that anger was a better predictor of rejections
than unfairness perceptions in the ultimatum game. This
leads to H4 that is complementary to H1:

H4: High corrugator supercilii EMG activity during the
pre-decision period will predict defection by the partici-
pant.

1.3 Inner Emotional-Motivational Processes during
Human-Virtual Character Interaction

We expected that human inner emotional-motivational
processes may differ from emotional facial expressions in
human-VC interaction and would primarily be related to
the anticipation of (monetary or equivalent) rewards (i.e.,
one’s goals) in the decision-making game. According to
the approach-withdrawal motivational model of emotion,
the left- and right-anterior regions of the brain are part of
two separate neural systems underlying approach and
withdrawal motivation, respectively (e.g., [40], [41]). Rela-
tively greater left frontal activity, either as a trait or a
state, may indicate a propensity to approach or engage a
stimulus and is associated with approach-motivated af-
fective states (e.g., joy, desire, enthusiasm, and anger; for
reviews, see [42], [40]; [43]). In contrast, relatively greater
right frontal activity may indicate a propensity to with-
draw or disengage from a stimulus and is associated with
withdrawal-motivated affective states (e.g., disgust and
fear).

Increased resting left-lateralized activity has also been
associated with a stronger bias to respond to (monetary)
reward-related cues [44], and resting-state hypoactivity in
the right lateral PFC has been shown to predict higher
monetary risk taking [45] and a lower willingness to pun-
ish in the ultimatum game [46]. Source localization of
frontal EEG asymmetry in the alpha frequency band (8-12
Hz; ie., the index of asymmetrical activation of left-
frontal versus right-frontal brain regions) has indicated
that it reflects activity in the dorsal prefrontal cortex (PFC
[44]).

The emotion contagion hypothesis predicts that the fa-
cial display of emotion evokes a similar (inner) emotional
state in the interaction partner [47]. Accordingly, for ex-
ample, VC expression of anger might be expected to elicit
greater relative left frontal activation, given that anger is
an approach-related affective state, although it is negative
in valence (Harmon-Jones, 2003); relevant to this, relative-
ly greater left frontal activity has been associated with
both trait anger and insult-induced state anger [48], [49].
However, frontal EEG asymmetry has primarily been
suggested to be associated with pre-goal attainment emo-
tion elicited while attempting to achieve a goal (e.g., en-
thusiasm), but not with post-goal attainment emotion
(e.g., contentment [50]). Thus, we expected that, in the
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context of the Prisoner’s Dilemma game, people focus on
the salient goal of achieving rewards, and pre-decision
frontal asymmetry would primarily be related to antici-
pated rewards (rather than to anger directly elicited by an
angry VC expression). Given that people are likely to in-
fer that an angry VC is antagonistic and reluctant to co-
operate, making it impossible to get a high payoff (payoff
matrix is known), people may anticipate nonreward (as-
sociated with reduced approach motivation) when the VC
is angry (VC anger serves as a cue of nonreward). This
leads to H5:

H5: An angry VC face will elicit diminished (pre-
decision) relative left frontal activation.

Apparently, people wish and expect that their coopera-
tion will be reciprocated with cooperation by others [23].
Thus, the expression of anger by one’s interaction partner
in response to cooperation may be a particularly promi-
nent and disappointing cue of forthcoming nonreward.
That being so, we predicted the following;:

H6: An angry (but not neutral) VC will elicit less (pre-
decision) relative left frontal activation when the partici-
pant has cooperated compared to defected in the previous
trial.

Pre-decision frontal asymmetry may also predict coop-
eration/defection. The pursuit for a high payoff (accom-
panied by high approach motivation) necessitates defec-
tion by the participant. This leads to the next hypothesis:

H7: Relatively greater left frontal activation will pre-
dict defection.

1.4 Post-Decision Facial Expressions and Frontal
Asymmetry

An important question is whether post-decision emotion-
al facial expressions and frontal asymmetry are primarily
determined by the payoffs (obtained rewards) or recipro-
cated cooperation, or lack thereof. Achieving one’s goal to
get a high payoff would be expected to elicit positive af-
fect, including positive facial expressions [51]. However, it
is also possible that reciprocal cooperation evokes posi-
tive emotional expressions. Frontal asymmetry should not
be associated with post-goal attainment emotion [50] but
reciprocal cooperation could be expected to elicit ap-
proach motivation. Despite these possible differential
predictions, we presented the following hypothesis:

HS8: Post-decision zygomatic and orbicularis oculi
EMG activity will increase, and corrugator activity will
decrease, as a function of payoffs, and greater relative left
frontal activation will be related to reciprocal cooperation.

1.5 Responsive VC Facial Expressions

As noted above, in human-to-human interaction, the dis-
play of emotions elicits complementary or similar em-
pathic emotions in others [34]; being sensitive to others’
affect may be adaptive (e.g., it facilitates the smoothness
of social interaction [47]). The principle of similarity-
attraction also posits that individuals are attracted to oth-
er people who are similar to themselves (e.g., in terms of
personality or dispositional emotionality), and the phe-
nomenon is present also for computer-generated speech
manifesting personality [52]. This leads to our secondary
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research question: Does the congruency between VC (pre-
decision) emotional expression and the participant’s emo-
tional state (as assessed in real-time on the basis of facial
EMG and electrodermal activity, EDA) influence physio-
logical responses and cooperation/defection?

2 METHODS

2.1 Participants

Participants were 37 (10 white male and 27 white female)
Finnish undergraduates with various majors, who ranged
in age from 20 to 35 years (mean = 24.5 years). Each par-
ticipant received two movie tickets for participation and,
depending on the outcome of the Iterated Prisoner’s Di-
lemma game, up to three additional movie tickets (see
below). Given that eight participants adopted the strategy
to always defect in the game (actually the most profitable
strategy), their decision making data were excluded from
the statistical analyses. In addition, one participant was
excluded owing to problems in data collection. Conse-
quently, 28 participants (8 men) were included in the
analyses of the physiological and decision making data.

2.2 Design

An 8 (Facial Expression of a VC: angry, happy, sad, pleas-
antly relaxed, neutral, no-face, congruent, incongruent) x
2 (VC: man, woman) x 2 (VC Decision: cooperate, defect)
x 6 (Repetition) within-subjects design was employed.

2.3 Virtual Character

There were two VCs, one female (called Kata) and one
male (called Mikko). The 3D model was created with
Blender software (http://www.blender.org), using pic-
tures of a real human female and male as reference pic-
tures. The Blender Game Engine was used for the real-
time presentation of the VCs and, together with scripts
written in the Python programming language
(http:/ /www.python.org), carrying out the experiment
(https:/ / github.com /MikkoSalminen / tutorial / tree / mast
er/Avatar). Given that, in the congruent expression and
incongruent expression conditions, the VC facial expres-
sions were dependent on psychophysiological measures
of valence (facial EMG) and arousal (EDA; see below), the
facial expressions of the VC were intended to correspond
theoretically to the four quadrants of the affective space
defined by valence and arousal [53]: angry (negative va-
lence and high arousal), happy (positive valence and high
arousal), sad (negative valence and low arousal), and
pleasantly relaxed (positive valence and low arousal; see
Figure 1). In addition, a neutral facial expression was in-
cluded. Open-mouth angry, open-mouth happy, sad, and
neutral expressions were created following Ekman and
Friesen's [37] descriptions and using images of prototypi-
cal facial expressions from Ekman and Friesen’s [54] Pic-
tures of Facial Affect as examples; these facial pictures
have previously been judged to be clear examples of the
targeted emotions [55]. Given the lack of a prototype cor-
responding to a pleasantly relaxed face, the pleasantly
relaxed facial expression was created with the help of a
certified Facial Action Coding System (FACS) coder; the
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Fig. 1. Male (top row) and female (bottom row) VC facial expressions
(from left to right: angry, happy, neutral, positively relaxed, sad).

eyes of the VC were half-closed and the mouth was in a
slight smile and slightly ajar to express pleasant relaxa-
tion, calmness, and serenity. In each trial, the VC’s facial
expression was initially neutral but after 1 s dynamically
changed into the targeted expression (or remained neutral
when the targeted expression was neutral). During the
trials, the VC moved its head slowly and its eyes blinked
occasionally (for example animations, see supplementary
material).

2.4 Responsive VC Facial Expressions

To address the secondary research question, in two condi-
tions (i.e., congruent expression and incongruent expres-
sion), the facial expressions of the VC were dependent on
the emotional state of the participant as assessed in real-
time by facial EMG (putatively indexing emotional va-
lence) and EDA (indexing emotional arousal). In the con-
gruent expression condition, the VC facial expression was
happy, relaxed, angry, and sad when the participant’s
emotional state was assessed as being high-arousal posi-
tive, low-arousal positive, high-arousal negative, and
low-arousal negative, respectively. In the incongruent
expression condition, the VC facial expression was re-
laxed, happy, sad, and angry when the participant’s emo-
tional state was assessed as being low-arousal negative,
high-arousal negative, low-arousal positive, and high-
arousal positive, respectively. One of the four aforemen-
tioned VC facial expressions was shown only when both
the valence- and arousal-related criteria were met; other-
wise the VC facial expression remained neutral. In the
beginning of the experiment, there was an EMG calibra-
tion period. The participant was asked not to speak and
to have a neutral facial expression for 10 s—the first 6 s
were used for calculating mean values for unrectified zy-
gomatic, orbicularis oculi, and corrugator EMG. Then, the
participant was asked to smile and to frown to provide
maximum values (these values were updated continuous-
ly throughout the experiment) and to ensure that the par-
ticipant’s facial expressions were recognized correctly by
the system. During the experiment, EMG values were
rectified in relation to the mean of the calibration period
(i.e., values below the mean were mirrored so that all val-
ues were above the mean), resampled at 5 Hz, and scaled
from 0 (mean of the calibration period) to 100 (maximum
value so far). EDA values were updated at 2.5 Hz and
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compared to the mean of a preceding 20-s window. The
valence- and arousal-related criteria, determined on the
basis of pre-tests, were the following: (a) for positive va-
lence, (zygomatic EMG + orbicularis oculi EMG)/2 > 5.2,
(b) for negative valence, corrugator EMG > 2.25 and zy-
gomatic EMG < 1.5, (c) for high arousal, EDA > 1.125 x
mean EDA during the preceding 20-s window, and (d) for
low arousal, EDA < 1.125 x mean EDA during the preced-
ing 20-s window. Using these criteria, an emotional-state
classification was made during the second preceding the
presentation of the VC, which determined the VC facial
expression for that trial.

2.5 Procedure

In the laboratory, the participant was first given instruc-
tions on the task and tested for task comprehension. After
the briefing, the participant filled out an informed consent
form. Electrodes were then attached, and the participant
was seated on a chair and left alone in the laboratory (an
electrically shielded sound-attenuated room) for an 8-min
rest period. Then there was an EMG calibration period for
the real-time emotion assessment (see Responsive VC
Facial Expressions and Physiological Data Collection),
followed by the experiment that took, on the average, 62
min. The participant played the Iterated Prisoner’s Di-
lemma game with the two computer-controlled VCs
whose facial expressions varied. The conditions were an-
gry, happy, sad, pleasantly relaxed, neutral, no-face (VC
was not shown), congruent expression (emotional expres-
sion corresponding to the participant’s emotional state),
and incongruent expression (emotional expression oppo-
site to the participant’s emotional state). In each trial, the
participant and the VC decided either to collaborate or
not (i.e., defect; the decisions of the VC were actually pre-
defined). The players received points as follows: (a) if
both players chose to collaborate, both received three
points, (b) if both players chose to defect, both received
one point, and (c) if one player chose to collaborate and
the other one chose to defect, the former received zero
points and the latter five points. The decisions by the
players and the points received by both players were
shown after the participant had made his or her decision.
The participant was told that there would be several tri-
als, but the exact number of trials was not revealed in ad-
vance.

To ensure the participant’s engagement in the game,
the participant was told that he or she will get additional
movie tickets depending on his or her total score in the
game as follows: 400 — 449 points = one movie ticket (val-
ue of 10€), 450 — 499 points = two movie tickets, and over
500 points = three movie tickets. The total score of the
participants (who were included in the statistical anal-
yses) ranged from 396 to 554 (M = 487, SD = 37).

All participants were presented with 192 trials in a
random order. Each of the trials consisted of the following
phases: (a) a text “Be ready” on a screen shown for 1 s, (b)
a VC (facial expression depending on the condition) with
a name and text “Consider your decision” shown for 5 s
(pre-decision period), (c) a prompt “Decide now whether
you collaborate” to choose either to collaborate or not by
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selecting either Y for yes or N for no, (d) the outcome (i.e.,
decisions made and points received by the VC and partic-
ipant) revealed 1 s after the participant’s decision and
shown for 5 s (post-decision period), and (e) an intertrial
interval varying randomly from 5 to 7 s while the screen
was black.

After finishing with all trials, for a manipulation check,
the participant rated all facial expressions of both VCs
(static images presented on a computer screen). He or she
was asked to rate how well each of the following affect
terms described the emotional expression of the VC: hap-
py, sad, angry, and pleasantly relaxed. The ratings were
performed on 7-point scales, ranging from 1 (not at all) to
7 (very well). Likewise, the participant rated the emotional
expression of the VCs on the valence and arousal dimen-
sions using 9-point pictorial scales [56].

The electrodes were then removed, and the participant
was debriefed, given the movie tickets, and thanked for
participation.

2.6 Physiological Data Collection

The physiological signals were recorded using the
Varioport-ARM physiological data acquisition system
with 16-bit A/D converters (Becker Meditec, Karlsruhe,
Germany). Electrodes mounted in a stretch-Lycra cap
(Electrocap; Electro-Cap International, Eaton, OH) were
used to record EEG activity from left and right frontal (F3,
F4), central (C3, C4), and parietal (P3, P4) scalp sites (10—
20 International System [57]). The electrodes were re-
ferred to linked mastoids, and the ground lead was locat-
ed at the left collarbone (e.g. [48]) Electrode impedances
were reduced to less than 5 kQ. The EEG signal was am-
plified, band pass-filtered at 0.9-70 Hz, and sampled at a
rate of 256 Hz. To facilitate artifact detection, the electro-
oculogram (EOG) was also measured bipolarly. For verti-
cal eye-movements, the electrodes were placed below and
above the right eye; for horizontal eye-movements, the
electrodes were placed at the outer canthi of both eyes.

Facial EMG activity was recorded from the left corru-
gator supercilii, zygomaticus major, and orbicularis oculi
muscle regions [58] using surface Ag/AgCl electrodes
with a contact area of 4 mm diameter (Becker Meditec).
Electrodes were filled with TD-240 electrode gel (Med
Assoc. Inc., St. Albans, VT). The raw EMG signal was am-
plified, band pass-filtered at 57-390 Hz, and sampled at a
rate of 1024 Hz.

To enable the responsive VC facial expressions (see
above), EDA was recorded with the Varioport digital skin
conductance amplifier that applied a constant 0.5 V across
Ag/AgCl electrodes with a contact area of 8 mm diameter
(Becker Meditec). Electrodes were filled with TD-246 skin
conductance electrode paste (Med Assoc. Inc.) and at-
tached to the middle phalanges of the first and second
fingers of the subject’s nondominant hand after the hands
were washed with soap and water. The EDA signal was
sampled at a rate of 32 Hz.

The physiological data were stored on a memory card
for offline analysis. In addition, the data were transmitted
at a rate of 250 Hz to the Python script for the real-time
emotion assessment.
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2.7 Data Reduction and Analysis

EEG data were processed off-line using BrainVision Ana-
lyzer 2 (Brain Products, Gilching, Germany). The data
were filtered with 0.1-Hz high-pass and 100-Hz low-pass
filters, and a 50-Hz notch filter was also applied. Eye-
movement artifacts were removed using an ocular correc-
tion algorithm [58]. For each trial, the EEG data were
segmented into the following epochs: (a) two seconds
preceding the onset of the “Be ready” text (baseline), (b)
four seconds preceding the participant’s decision (pre-
decision period), and (c) three seconds beginning from
the second second after the outcome was revealed (post-
decision period; for another example of short stimulus
periods, i.e., 3-s affective picture viewing, in alpha asym-
metry research, see [60]). For these epochs, the power
spectra were derived by the fast Fourier transform (FFT)
method with a Hanning window (applied to the distal
10% at each end of the epoch). Power values (in uV?)
within the broad alpha (8-12 Hz [61]) frequency range
were extracted for each epoch (in alpha asymmetry re-
search, the 8-13 Hz frequency band has also been used
[62]). Given the previous evidence for differential validity
of the lower and upper alpha bands [63], [64], [65], power
values were also separately extracted for alpha-1 (8-10
Hz) and alpha-2 (10-12 Hz) bands. As in previous re-
search [62], a frontal asymmetry index (natural log of al-
pha power on the right minus natural log of alpha power
on the left) was computed for each period, using mid-
frontal sites (F3, F4). Since cortical alpha power is inverse-
ly related to cortical activity [66], [67], higher scores on
the index indicate greater relative left hemisphere activity.

The facial EMG data were preprocessed using AN-
SLAB software (version 2.4, University of Basel, Germa-
ny). The EMG data were filtered with a 50-Hz notch filter
and a 20-Hz high-pass filter, rectified, and smoothed with
a 50-ms moving average window.

For each trial, mean values for facial EMG were de-
rived for (a) baseline (two seconds preceding the onset of
the “Be ready” text), (b) pre-decision period (four seconds
preceding the participant’s decision), and (c) post-
decision period (five seconds beginning from the second
second after the outcome was revealed). Logarithmic
transformations were conducted for facial EMG data to
normalize the distributions.

Pre-decision and post-decision physiological data (and
emotional ratings for the VC facial expressions) were ana-
lyzed by the Linear Mixed-Models (LMM) procedure in
SPSS with restricted maximum likelihood estimation.
Mixed models allow the use of time-varying predictors
(e.g., pre-trial baseline physiological value) and involve a
model for the error variance [68]. However, no well-
established effect size indices are available. Participant ID
was specified as the subject variable and trial number was
specified as the repeated variable, and AR(1) was speci-
fied (on the basis of Schwarz's Bayesian Criterion, BIC) as
the covariance structure for the residuals.

When analyzing pre-decision physiological data, par-
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tion, Participant Decision (at Trial n-1) x VC decision (at
Trial n-1) interaction, and Participant Decision (at Trial n-
1) x VC Facial Expression (at Trial n) interaction were
specified as fixed effects.

When analyzing post-decision physiological data, par-
ticipant gender, VC, participant decision at Trial n-1, VC
decision at Trial n-1, participant decision at Trial n, VC
decision at Trial n, VC facial expression, pre-trial baseline
physiological value, pre-decision physiological value,
Participant Gender x VC interaction, Participant Decision
(at Trial n-1) x VC decision (at Trial n-1) interaction, and
Participant Decision (at Trial n) x VC decision (at Trial n)
interaction were specified as fixed effects.

Participants were treated as a random effect and a ran-
dom intercept was estimated. The hypotheses were tested
with planned contrasts.

When predicting cooperation/defection, the data were
analyzed using the Generalized Estimating Equations
(GEE) procedure in SPSS. In the GEE procedure, the de-
pendent variable is linearly related to the factors and co-
variates via a specified link function [69], [70]. The model
allows for the dependent variable to have a non-normal
distribution and covers widely used statistical models
(e.g., logistic models for binary data). The GEE procedure
extends the generalized linear model to allow for analysis
of repeated measurements or other correlated observa-
tions. The GEE approach requires the specification of the
correlation structure of the repeated observations of the
dependent variable, distribution of the dependent varia-
ble, and link function.

We specified participant ID as the subject variable, trial
number as the within-subject variable, and a binomial
distribution with logistic link for the response variable
(decision to cooperate or defect). On the basis of the Cor-
rected Quasi-likelihood under Independence Model Cri-
terion (QICC), we specified independent as the structure
of the working correlation matrix. Participant gender, VC,
Participant decision at Trial n-1, VC decision at Trial n-1,
VC facial expression, baseline and pre-decision physio-
logical variables, and Participant Decision (at Trial n-1) x

Val/Aro Others
9 7
Valence

Arousal 7
5
Happiness
5
Sadness
3
Anger 3
Relaxation

Fig. 2. Confusion matrix for the emotional ratings (rows) for VC facial
expressions (columns). Color bars on the right illustrate the used color
coding for valence and arousal (recorded on a 1-9 scale) and other
ratings (recorded on a 1-7 scale).

ticipant gender, VC, participant decision at Trial n-1, VC
decision at Trial n-1, VC facial expression, pre-trial base-
line physiological value, Participant Gender x VC interac-
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VC Decision (at Trial n-1), Participant Decision (at Trial n-
1) x VC Facial Expression, and VC Decision (at Trial n-1)
x VC Facial Expression interactions were included in the
GEE model. Bonferroni correction was applied when
comparing the levels of the VC facial expression factor
(pairwise comparisons).

3 RESULTS
3.1 Manipulation Check

Figure 2 shows the confusion matrix for the emotional
ratings for VC facial expressions (presented after the main
experiment). As intended, happy and relaxed facial ex-
pressions were rated as showing highest pleasure (most
positive emotional valence), whereas sad and angry facial
expressions were rated as showing lowest pleasure. In
addition, happy and angry facial expressions elicited the
highest arousal ratings, whereas sad facial expressions
elicited the lowest arousal ratings. However, relaxed faci-
al expressions were rated as showing higher arousal
compared to neutral facial expressions. As also intended,
happy, sad, and angry facial expressions elicited highest
ratings of happiness, sadness, and anger, respectively.
However, happy facial expressions tended to elicit higher
relaxation ratings compared to (pleasantly) relaxed facial
expressions. Thus, in general, the VC facial expressions
were rated as showing the intended emotions, with the
exception of the relaxed facial expressions that elicited
higher arousal ratings than intended. There were, howev-
er, also some differences between the two VCs. In general,
the male VC was rated as expressing higher anger com-
pared to the female VC, F(1, 324) = 9.56, p = .002. Sad and
angry facial expressions of the male VC tended to be rat-
ed as sadder compared to the sad and angry facial expres-
sions of the female VC, whereas happy and neutral facial
expressions of the female VC tended to be rated as sadder
compared to the happy and neutral expressions of the
male VC, F(4, 324) = 3.27, p = .012.

3.2 Pre-Decision Physiological Responses to VC
Facial Expressions

H?2 predicted that happy and (pleasantly) relaxed VC fac-
es would elicit greater zygomaticus major and orbicularis
oculi, and lower corrugator supercilii, facial EMG activity
compared to a neutral face, whereas angry and sad VC
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faces would elicit lower zygomatic and orbicularis oculi
activity, and higher corrugator activity, compared to the
neutral face. Table 1 shows the mean values for the physi-
ological parameters by condition, and Table 2 shows the
results of the contrast analyses. As predicted, the happy
and relaxed vs. neutral contrast was significant for all
EMG variables, all ps < .001, happy and relaxed faces elic-
iting higher zygomatic and orbicularis oculi, and lower
corrugator, activity compared to the neutral face (this was
the case particularly for the happy face). As also expected,
angry and sad faces elicited higher corrugator activity
compared to the neutral face, for the angry and sad vs.
neutral contrast, p < .001. Consequently, the happy and
relaxed vs. angry and sad contrast was also significant for
corrugator EMG activity, p < .001. However, contrary to
our expectation, an angry (but not sad) face elicited also
higher zygomatic and orbicularis oculi activity compared
to the neutral face, for the angry and sad vs. neutral con-
trast, ps = .004 and < .001, respectively. The happy and
relaxed vs. angry and sad contrast was significant for zy-
gomatic and orbicularis oculi activity, ps = .002 and .007,
respectively, but this was completely due to greater zy-
gomatic and orbicularis oculi activity in the happy-face
condition compared to the sad-face condition.

H3 predicted that an angry VC facial expression would
elicit less zygomatic, orbicularis oculi, and corrugator
EMG activity when the participant had defected com-
pared to cooperated in the previous trial. The Participant
Cooperates vs. Defects (Previous Trial) x Angry Face vs.
Neutral Face interaction contrast was significant for zy-
gomatic p = .009, orbicularis oculi, p = .001, and corruga-
tor activity, p < .001. Figure 3 shows that, as predicted, an
angry (but not neutral) VC evoked lower zygomatic, or-
bicularis oculi, and corrugator activity when the partici-
pant had defected compared to cooperated in the previ-
ous trial. It was also found that, when the participant had
defected compared to cooperated at Trial n-1, zygomatic
activity was higher, Ms = 0.19 In(pV) and 0.15 In(nV),
respectively, p = .003, and corrugator activity was lower,
Ms = 0.44 In(p V) and 0.46 In(n V), respectively, p = .020,
during the pre-decision period of Trial n.

HS5 predicted that an angry VC face would elicit dimin-
ished relative left frontal activation. All other contrasts
were nonsignificant for frontal asymmetry, but an angry
VC face elicited less relative left frontal activation in the

TABLE 1
MEANS FOR PRE-DECISION PHYSIOLOGICAL MEASURES AND COOPERATION BY VC FACIAL EXPRESSION

M (and SE) for Condition
Measure Happy Sad Angry Relaxed Neutral Congruent  Incongruent No-face

Facial EMG (In[uV])

ZM 0.25 (0.06) 0.14 (0.06) 0.21 (0.06) 0.21 (0.06) 0.12 (0.06) 0.17 (0.06) 0.17 (0.06) 0.10 (0.06)

Cs 0.37 (0.04) 0.50 (0.04) 056 (0.04) 040 (0.04) 0.44 (0.04) 041 (0.04) 0.41 (0.04) 0.48 (0.04)

00 0.19 (0.04) 0.10 (0.04) 0.18 (0.04) 0.16 (0.04) 0.08 (0.04) 0.13 (0.04) 0.11 (0.04) 0.09 (0.04)
Alpha asymmetry -0.06 (0.08) -0.01 (0.08) -0.12 (0.08) -0.05 (0.08) -0.03 (0.08) -0.03 (0.08) -0.02 (0.08) 0.00 (0.08)

a,b a,c d,f ae a a b,cef

Cooperation 35 (03) 41 (05) .09 (02) .18 (03) .36 (.03) .41 (03) 39 (02) .24 (.04)

ZM = zygomaticus major; CS = corrugator supercilii; OO = orbicularis oculi. Cooperation = 1 (response), defection = 0 (reference category). Mean values
with the same superscript are not statistically different (Bonferroni corrected).
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broad alpha frequency band compared to the neutral face,
for the angry vs. neutral contrast, p < .001. Apparently,
this reflected diminished approach motivation during the
angry-face condition, given that alpha power at F3 (left
site) was higher (i.e., lower cortical activity) during the
angry-face compared to neutral condition, p < .05, but
there was no difference in alpha power at F4 (right site).
The difference in frontal asymmetry between the condi-
tions was present also when the analyses were performed
separately for the alpha-1 and alpha-2 bands, ps < .01 and
.001, respectively.

As predicted by H6, an angry (but not neutral) VC
evoked less relative left frontal activation in the broad
alpha frequency band when the participant had cooperat-
ed compared to defected in the previous trial, p < .001 for
the Participant Cooperates vs. Defects (Previous Trial) x
Angry Face vs. Neutral Face interaction contrast.

In regard to the RQ, zygomatic, p = .016, and orbicu-
laris oculi, p = .014, activity was higher (and corrugator
activity tended to be lower) in the congruent expression
and incongruent expression conditions compared to the
neutral-face condition. However, the congruent expres-
sion and incongruent expression conditions did not elicit
higher zygomatic and orbicularis oculi activity than the
happy-face and relaxed-face conditions. There were no
significant differences in facial EMG activity between the
congruent expression and incongruent expression condi-
tions, ts < 1.2.

Alpha Asymmetry Score

T T
Angry Neutral
VC Facial Expression at the Current Trial

,25-{

Zygomaticus Major EMG (In[uV])

Angry Neutral
VC Facial Expression at the Current Trial
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TABLE 2

SUMMARY OF CONTRAST ANALYSES: PRE-DECISION PHYSIO-
LOGICAL RESPONSES TO VC FACIAL EXPRESSIONS

Variable Contrast SE df t
Estimate
Happy and relaxed vs. neutral
ZM EMG 0.22 0.04 4074.71  5.46™*
OO0 EMG 0.19 0.03 4435.60  5.96™**
CS EMG -0.11 0.03 5137.36  -3.47***
Angry and sad vs. neutral
ZM EMG 0.12 0.04 4094.57  2.88™
OO0 EMG 0.12 0.03 445575  3.77**
CS EMG 0.17 0.03 5146.45  5.23***
Angry vs. neutral
Alpha asymmetry 0.08 0.02 518245  3.74***
Alpha power at F3  -0.07 0.03 4654.52  -2.20*
Alpha power atF4  -0.01 0.03 4553.94 -0.21
Happy and relaxed vs. angry and sad

ZM EMG 0.11 0.03 405321  3.17*
OO0 EMG 0.07 0.03 4401.78  2.71**
CS EMG -0.28 0.03 5114.92 -10.56™**

Congruent and incongruent vs. neutral
ZM EMG 0.10 0.04 4144.71 241
OO0 EMG 0.08 0.03 4521.63  2.47*
CS EMG -0.06 0.03 5182.97 -1.92°

Participant Cooperates vs. Defects (at previous trial)
x Angry Face vs. Neutral Face

ZM EMG 0.12 0.05 4030.90  2.60**

OO0 EMG 0.12 0.04 437418  3.24*

CSEMG 0.17 0.04  5095.83  4.47*

Alpha asymmetry ~ -0.23 0.04 5165.98  -5.08"**
Participant cooperates vs. defects (at previous trial)

ZM EMG 0.04 0.01 429290  3.01**

CS EMG -0.02 0.01 524494 -2.32*

CS = corrugator supercilii; OO = orbicularis oculi; ZM = zygomaticus major.

O = 055.% p <.05.** p <.01. ** p < .001.

Participant's

Decision at

the Previous
Trial

3
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I

NCooperate
MDefect

FY
-3
1

Corrugator Supercilii EMG (In[uV])

Neutral
VC Facial Expression at the Current Trial

,25-]

Orbicularis Oculi EMG (In[uV])

Angry Neutral
VC Facial Expression at the Current Trial

Fig. 3. Pre-decision EEG alpha asymmetry (top left panel) and corrugator supercilii (borow muscle; top right panel), zygomaticus major (cheek
muscle; bottom left panel), and orbicularis oculi (periocular muscle; bottom right panel) EMG activity for virtual character (VC) angry and neutral
facial expression at the current trial (Trial n) as a function of participant cooperation and defection at the previous trial (Trial n-1).
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TABLE 3
RESULTS OF GEE ANALYSIS OF DECISION DATA

Variable Wald x=  df p
(Intercept) 48.424 1 <.001
Participant gender 0.122 1 727
vC 4436 1 .035
Participant decision at Trialn-1 17939 1 <.001
VC decision at Trial n-1 3.884 1 .049
VC facial expression 95706 7 <.001
Participant decision at Trial n-1

x VC decision at Trial n-1 2.491 1 114
Participant decision at Trial n-1

x VC facial expression 2359 7 .937
VC decision at Trial n-1

x VC facial expression 13.051 7 .071
Alpha asymmetry (baseline) 8.807 1 .003
Alpha asymmetry (pre-decision) 34439 1 <.001
ZM EMG (baseline) 0.005 1 .949
ZM EMG (pre-decision) 0.063 1 .802
CS EMG (baseline) 3.045 1 .081
CS EMG (pre-decision) 10.308 1 .001
OO EMG (baseline) 1.729 1 188
OO EMG (pre-decision) 0.054 1 816

For decision, cooperation = 1 (response), defection = 0 (reference catego-

ry).

3.3 Predictors of Cooperation/Defection

H1 predicted that seeing a happy VC facial expression
during the pre-decision period would elicit cooperation,
especially when the VC had collaborated in the previous
trial, whereas an angry VC facial expression would elicit
defection. Table 1 shows collaboration by condition, and
Table 3 shows the results of the GEE analysis of decision
data. The happy-face condition didn’t differ from the neu-
tral and no-face conditions, and the interaction of VC de-
cision at Trial n-1 with VC facial expression was nonsig-
nificant. However, as hypothesized, an angry VC facial
expression predicted less frequent collaboration com-
pared to the other conditions (Bonferroni-corrected ps <
.001, but for the no-face condition, p = .032), with the ex-

TABLE 4
SUMMARY OF CONTRAST ANALYSES: POST-DECISION PHYS-
IOLOGICAL RESPONSES

Variable Contrast  SE df t
Estimate
Participant defects vs. cooperates (at Trial n)
OO0 EMG -0.05  0.01 5286.41  -5.83***
ZM EMG -0.06  0.01 5288.83  -6.00***
CS EMG -0.03  0.01 527751  -3.31***
VC defects vs. cooperates (at Trial n)
Alpha asymmetry ~ -0.03  0.01 518836  -2.47*
Alpha-2 asymmetry -0.06  0.02 5251.39  -3.13*
00 EMG 0.06  0.01 5264.88  7.39***
ZM EMG 0.06  0.01 5265.25  5.81***
Participant Defects vs. Cooperates (at Trial n)
x VC Defects vs. Cooperates (at Trial n)
00 EMG 0.06  0.02 5266.05  4.18***
ZM EMG 0.08  0.02 5266.87  4.13**
CS EMG 0.03  0.01 5260.05  2.31*
Participant Defects vs. Cooperates (at Trial n-1)
x VC Defects vs. Cooperates (at Trial n-1)
Alpha asymmetry ~ -0.06  0.03 5188.92  -2.42*
Alpha-2 asymmetry -0.09  0.04 5252.01 -2.54*
OO0 EMG -0.05  0.02 5265.96  -3.11**
ZM EMG -0.05  0.02 5266.87  -2.52*

*p<.05.%p<.01. " p <.001.
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ception of the relaxed VC faces, p = .859. Happy and sad
VC faces did not differ from neutral faces and the no-face
condition, ps > .23. The congruent expression and incon-
gruent expression conditions were the only that elicited
significantly more collaboration than the no-face condi-
tion, ps = .023 and .003, respectively, but they did not dif-
fer from the neutral-face condition, ps > 0.90.

H4 predicted that high corrugator supercilii EMG ac-
tivity during the pre-decision period would predict defec-
tion, whereas high zygomatic and orbicularis oculi activi-
ty would predict cooperation. As expected, high corruga-
tor activity was associated with defection, B = -.685, p =
.001. Zygomatic and orbicularis oculi activity was not
associated with collaboration/defection.

As suggested by H7, relatively greater left frontal acti-
vation predicted defection, B = -.467, p < .001. Alpha pow-
er at F4 (right site) was not associated with defec-
tion/ collaboration, B = -.023, p = .806, and the association
of low alpha power (high cortical activity) at F3 (left site)
with defection narrowly failed to reach statistical signifi-
cance, B =.152, p = .062.

1251 VC's Decision
at the Current
Trial
NCooperates
20 M Defects

,05-]

Zygomaticus Major EMG (In[uV])

Cooperates Defects
Participant's Decision at the Current Trial

1,30

,20

Corrugator Supercilii EMG (In[uV])

,00-

Defects
Participant's Decision at the Current Trial

Cooperates

Fig. 4. Post-decision zygomaticus major (cheek muscle; top
panel) and corrugator supercilii (brow muscle; bottom panel)
EMG activity for participant cooperation and defection at the
current trial (Trial n) as a function of virtual character (VC)
cooperation and defection at the current trial.
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Fig. 5. Post-decision alpha-2 asymmetry (top panel) and
zygomatic EMG activity (cheek muscle; bottom panel) at
the current trial (Trial n) for participant cooperation and
defection at the previous trial (Trial n-1) as a function of
virtual character (VC) cooperation/defection at the previ-
ous trial.

3.4 Post-Decision Physiological Responses

H8 suggested that zygomatic and orbicularis oculi EMG
activity would increase, and corrugator activity would
decrease, as a function of payoffs. Table 4 shows the re-
sults of the contrast analyses. The interaction contrast
Participant Defects vs. Cooperates (at Trial n) x VC De-
fects vs. Cooperates (at Trial n) was significant in predict-
ing zygomatic, orbicularis oculi, and corrugator activity,
ps < .001, <.001, and = .021, respectively. Unexpectedly, as
shown in Figure 4, zygomatic activity was highest when
the participant cooperated and the VC defected (i.e., low-
est payoff) and lowest when the participant defected and
the VC cooperated (i.e., highest payoff). Importatntly,
exactly the same held true also for orbicularis oculi activi-
ty. Corrugator activity was highest when the participant
defected and the VC cooperated (i.e., highest payoff) and
lowest when both the participant and VC cooperated.
There were also significant main effects; that is, zygomat-
ic, Ms = 0.19 In(n V) and 0.13 In(n V), and orbicularis oculi
activity, Ms = 0.17 In(uV) and 0.12 In(u V), was higher,
and corrugator activity was lower, Ms = 0.41 In(p V) and
0.43 In(n V), when the participant had collaborated com-
pared to defected, respectively, all ps < .001. In addition,
zygomatic, Ms = 0.13 In(u V) and 0.19 In(n V), and orbicu-
laris oculi activity, Ms = 0.12 In(p V) and 0.18 In(n V), was
lower when the VC had collaborated compared to defect-
ed, respectively, ps < .001. However, VC collaboration
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elicited greater relative left frontal activation compared to
VC defection, Ms = -0.01 and -0.04, respectively, p = .014.
This likely reflected increased approach motivation, given
that alpha power at F3 (left site) tended to be lower (i.e.,
higher cortical activity) after VC collaboration compared
to defection, p = .075, but there was clearly no difference
in alpha power at F4 (right site; p = .866). When analyzed
separately, the difference in frontal asymmetry between
VC collaboration and defection was significant for the
alpha-2 frequency band, Ms = 0.01 and -0.05, respectively,
p = .002, but not for the alpha-1 frequency band, p = .211.

Not only the decisions at the current trial (Trial n) but
also at the previous trial (Trial n-1) influenced post-
decision frontal asymmetry and EMG responses at Trial n.
That is, there was a significant interaction contrast Partic-
ipant Defects vs. Cooperates (at Trial n-1) x VC Defects
vs. Cooperates (at Trial n-1) in predicting alpha asym-
metry and zygomatic and orbicularis oculi activity, ps =
.015, .012, and .002, respectively. When analyzed separate-
ly, the interaction was significant for the alpha-2 frequen-
cy band, p = .011, but not for the alpha-1 frequency band,
p = .153. As shown by Figure 5, relative left frontal activa-
tion in the alpha-2 frequency band was greatest when
both the participant and VC had collaborated at Trial n-1
and least when the participant and VC made different
decisions. Also, both zygomatic and orbicularis oculi ac-
tivities were highest when both the participant and VC
had collaborated at Trial n-1 and lowest when the partici-
pant had collaborated, but the VC had defected.

4 DISCUSSION

The present investigation is the first to show how VC dy-
namic facial expressions influence frontal EEG asym-
metry (putatively indexing inner emotional-motivational
processes) and facial EMG responses (emotional expres-
sions) in the context of social decision making and how
the physiological responses predict the human decision to
cooperate.

4.1 Facial Responses to VC Facial Expressions

In general, VC facial expressions elicited congruent facial
muscle activity. That is, happy VC faces elicited increased
zygomatic and orbicularis oculi, and decreased corruga-
tor, EMG activity, whereas angry and sad VC faces elicit-
ed increased corrugator activity. This is in contrast to pre-
vious studies that have failed to find increased corrugator
activity in response to an angry VC expression [30], [35].
However, unexpectedly, we also found that angry VC
faces elicited increased zygomatic and orbicularis oculi
EMG activity (this may relate to the effect of preceding
interactional events).

Importantly, the results supported our hypothesis that
human facial expressions elicited by VC emotional ex-
pressions would depend on the previous interactional
events and be affected by display rules (see [15]). An an-
gry VC facial expression elicited less zygomatic, orbicu-
laris oculi, and corrugator EMG activity (less smiling and
frowning) when the participant had defected compared to
cooperated in the previous trial. This is in line with the
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view that people may avoid smiling (smiling may be in-
terpreted as malicious pleasure) when another person
shows anger in response to your defection. Another per-
son’s apparently justifiable anger expression is also ex-
pected to elicit less frowning compared to unjustifiable
anger expression. These findings extend the Computers
as Social Actors paradigm (see [52]) and may suggest that
the application of display rules is habitual behavior.

4.2 Facial Expressions Predicting Cooperation

Although a happy VC facial expression didn’t increase
collaboration, we found that both an angry VC facial ex-
pression and high pre-decision corrugator supercilii EMG
activity (related to frowning) predicted human defection.
This was expected as an angry and frowning expression
would be expected to signal antagonism rather than will-
ingness to engage in cooperative behavior. Anticipated
VC defection apparently leads to reciprocal human defec-
tion. However, in disagreement with the study by Schar-
lemann et al. ([25]; who used photographs of smiling fac-
es), we didn’t find happy (smiling) VC faces to elicit hu-
man cooperation.

4.3 Inner Emotional-Motivational Processes during
Human-VC Interaction

The results supported our expectation that pre-decision
inner emotional-motivational processes and emotional
facial expressions would be dissociated and frontal EEG
asymmetry would primarily be related to pre-goal at-
tainment emotion (see [50]). That is, an angry VC face
appeared not to evoke approach-motivated anger (see
[71]), given that it elicited less (not greater) relative left
frontal activation compared to the neutral face. Analyses
carried out separately by hemisphere also suggested that
this reflected diminished approach motivation rather than
increased withdrawal motivation. The results also
showed that the decrease in relative left frontal activation
elicited by an angry VC was particularly pronounced
when the participant had cooperated in the previous trial.
This fits to the view that an angry VC face may be per-
ceived as a cue of forthcoming nonreward (VC defection
resulting in a failure to achieve the goal of getting a high
payoff), which is particularly disappointing after one has
cooperated, thereby resulting in decreased approach mo-
tivation. Thus, also pre-decision inner emotional-
motivational processes elicited by VC emotional expres-
sions appeared to depend on the previous interactional
events, although in a different way than human facial
expressions.

As expected, relatively greater left frontal activation
during the pre-decision period predicted human defec-
tion. This also conforms to the idea that pre-decision
frontal asymmetry is linked to the anticipatory (“want-
ing”) phase of goal (i.e., high payoff) attainment rather
than to the motivation to establish cooperation per se.
That is, given the payoff matrix, human defection was a
prerequisite for getting a high payoff. It is of interest,
however, that decreased resting right-lateralized activity
has been associated with low levels of the implicit affilia-
tion motive [72]. Likewise, Schweiger, Stemmler,
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Burgdorf, and Wacker [73] found that a decrease in rela-
tive left-frontal cortical activity was associated with an
increase in the emotion warmth-liking (related to feelings
of affection and acceptance) and interpersonal trust in a
trust game. However, they argued that these affiliative
processes are linked to the consummatory (“liking”)
phase of attaining an affiliative goal, thereby exerting a
right-lateralizing effect.

4.4 Post-Decision Facial Expressions and Frontal
Asymmetry

We predicted that post-decision positive facial expres-
sions will increase (and negative facial expressions will
decrease) as a function of payoffs. However, we found an
opposite relationship—that is, both zygomatic and orbic-
ularis oculi EMG activity (associated with smiling) were
highest when the payoff was lowest (human cooperated
and VC defected, i.e., a human failure), and lowest when
the payoff was highest (human defected and VC cooper-
ated). Corrugator activity (associated with frowning) was
also highest when the payoff was highest. Interestingly,
several previous studies have shown that the death of the
player’s own character in digital (e.g., first-person shoot-
er) games elicits activation of the zygomaticus major and
orbicularis oculi (smile after dying) and deactivation of
the corrugator supercilii [74], [75], [76]. Such events as
player death or getting the lowest payoff in the Prisoner’s
Dilemma game clearly reflect defeat in the light of the
player’s goal. Thus, the present study supports the view
that, when failing to achieve one’s goal, people may
sometimes express (by smiling) the opposite emotion of
what they are actually feeling (potentially for the purpos-
es of emotional coping). The dissociation of emotional
expressions and inner emotional-motivational processes
is also revealed by the fact that VC collaboration elicited
greater relative left frontal activation in the alpha-2 fre-
quency band than VC defection. Thus, as expected,
frontal EEG asymmetry was not associated with post-goal
attainment emotion, but to interaction partner coopera-
tion.

Importantly, we found that not only decisions at the
current trial of the game but also decisions at the previous
trial influenced post-decision physiological responses at
the current trial. Both positive facial expressions and rela-
tive left frontal activation in the alpha-2 frequency band
were greatest when both the participant and VC had co-
operated at the trial preceding the current trial. A lack of
reciprocity, in turn, resulted in less positive facial expres-
sions and less relative left frontal activation. It appears
that people ruminate over the reciprocity of their social
interaction, which may have emotional effects manifest-
ing only after some time. Given that reciprocal coopera-
tion at the previous trial appears to be linked to the con-
summatory phase of attaining an affiliative goal, the pre-
sent finding may be at variance with the suggestion that
increased right-lateralized activity should be present dur-
ing this phase [73].

4.5 Affective Congruency of VC Facial Expressions
Given the evidence that behavioral mimicry creates rap-
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port (e.g., [77]), our secondary research question asked
whether the congruency between VC (pre-decision) emo-
tional expression and the participant’s emotional state (as
inferred on the basis of facial EMG activity and EDA) in-
fluences human cooperation and physiological responses.
However, we found no differences between the congruent
and incongruent expression conditions. It is of note that
the present study provides only a weak test for the effect
of affective congruency. Although pre-tests suggested that
VC facial expressions were dictated by human emotion-
al/physiological responses as intended, this was not nec-
essarily completely the case for all participants. Also, the
present study didn’t take into account that the effects of
emotion expression congruency on cooperation may vary
by the type of emotion (e.g., happy vs. angry expression).
It may also be that the use of facial EMG activity (emo-
tional expressions) alone would have been better than a
combination of EMG and EDA in determining the VC
facial expressions.

4.6 Limitations

Evidently, the validity of our results depends on the va-
lidity of VC emotional expressions. In general, the VC
facial expressions were rated as showing the intended
emotions, but the relaxed facial expressions elicited high-
er arousal ratings than intended. However, this does not
affect the tests of our main hypotheses, but may have con-
tributed to the lack of affective congruency findings. Nev-
ertheless, there were clear limitations in the VC facial ex-
pressions as they were not exact representations of the
target emotions in terms of action units. There were also
only two VCs that differed not only in terms of gender
(not possible to make conclusions on the effects of VC
gender). Also, the participants may have learned the lack
of correlation between VC facial expressions and VC deci-
sions (although the complexity of the design may make
this difficult), which could weaken the effects found. Fu-
ture studies might also involve fewer trials, but longer
interactions with the same VC, which may increase in-
volvement in the interaction. In general, more focused
(e.g., online) experiments are needed to acquire a deeper
understanding of the present phenomena (including af-
fective congruency). An additional limitation was the
quite small sample size, but most of the associations
found were strong. Also, given the small number of EEG
electrodes, it was not possible to use source localization.

5 CONCLUSION

The present study showed that both human pre-decision
frontal EEG asymmetry (putatively indexing inner emo-
tional-motivational processes) and facial EMG activity
(emotional expressions) elicited by an angry VC facial
expression varied as a function of preceding interactional
events (human collaboration/defection). However, pre-
decision inner emotional-motivational processes and
emotional facial expressions were dissociated, suggesting
that human goals influence pre-decision frontal asym-
metry, whereas display rules may affect (pre-decision)
emotional expressions in human-VC interaction. The
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study also showed that an angry VC facial expression,
high human pre-decision corrugator EMG activity (relat-
ed to frowning), and relatively greater left frontal activa-
tion (linked to the “wanting” phase of goal attainment)
predicted the human decision to defect, whereas both
post-decision frontal asymmetry and facial EMG activity
were related to reciprocal cooperation. The results are in
line with the view that the justifiability of VC emotional
expressions and the perceived fairness of VC actions in-
fluence human emotional responses. That is, people ap-
pear to respond to VCs as they would be expected to re-
spond in human-human interaction. The study provides
additional evidence that VCs are a powerful research tool
and can be used to study basic social phenomena. The
result may also have practical implications when design-
ing game characters, service agents, and persuasive tech-
nology, especially when the interaction involves negotiat-

mng.
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