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Abstract— Facial expressions play an important role in human 

emotional communication. Observers’ reactions to facial 
expressions can be simple (e.g., smiling to a smile). However, they 
can also reflect the contextual meaning of an expression (e.g., 
smiling to an opponent’s frown). Our current study provides 
evidence for contextual modulation of human responses to facial 
expressions of a hyper-realistic android.  Such modulation 
occurred when human participants engaged in a strategic game 
with or against a facially expressive robot. These findings suggest 
a high level of sophistication in facial communication between 
humans and robots that can be utilized in future robot design to 
promote natural social rapport with their users. 
 

Index Terms—Cognition, Human Robot Interaction, 
Psychology, Emotion Recognition. 

I. INTRODUCTION 
roducing quality interactions between robots and humans 
is a key goal in robotic development. Natural interactions 

with humans will enable robots to work as service providers 
and care givers in a variety of environments, such as education 
[1], and care for the elderly [2]. However, social and affective 
communication proves to be a challenge for current robot 
models [3]. Some believe that unlocking social intelligence is 
key to future advances in AI [3]. 

One important means of natural communication is facial 
emotional expressions, such as smiling or frowning. 
Interestingly, humans, and some other primates, have been 
found to spontaneously mimic such facial expressions [4–6]. 
This automatic behavior appears to be important for 
promoting empathy, recognition of others’ emotional states, 
and generally creating a bond between people [7, 8]. Our 
previous work has shown that people spontaneously mimic an 
anthropomorphic robot, providing evidence that such a natural 
means of communication can exist between humans and 
robots [9]. 
 Of course, human emotional expressivity is not only 
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grounded in mimicry reactions to others in our environment. 
Our emotional reactions to others’ expressions also depend on 
the current context. For example, when playing bridge, you 
may respond positively to your partner’s smile, since this is a 
sign that you are both winning. Yet, you may respond with a 
frown when your opponent is smiling, since this smile signals 
a loss for you. There is some debate on how automatic 
mimicry processes may interact with other emotive processes. 
Some evidence suggests that mimicry, as an automatic 
process, can interfere if our goal is not to mimic [10], or at 
least slow down non-mimicking reactions [11]. However, 
certain studies suggest that response to even unconscious cues 
can be modulated by the current context [12]. 

The current research shows that robotic emotional 
expressivity can elicit human emotional reactions in more 
complex ways than simple mimicry. Participants were asked 
to play a game with or against an android.  On half of the 
trials, the android displayed truthful emotional reactions to his 
own outcome from the current game using his faces. On the 
other half the outcome of the game was displayed in writing 
on the computer terminal. Using electromyography (EMG) to 
measure people’s facial reactions, we found that people’s 
expressions are solely a function of participants’ own outcome 
from the game. That is, participants smile when they win and 
frown when they lose. Critically, this occurs regardless of 
whether the information about win or loss is communicated by 
the android’s smile or by his frown.  Furthermore, the 
android’s expressions elicited greater facial reactions in 
participants, as compared to their reactions in response to the 
outcome being displayed on the computer screen.   

These findings demonstrate that people’s facial responses to 
androids are open to contextual influences, and do not simply 

reflect mimicry. Overall, the 
results suggest that simple 
facial expressions can provide 
an important and subtle means 
of communicating emotional 
information and promoting 
emotional reactions beyond 
mimicry in human robot 
interactions. 
 
 
 

Fig. 1.  Einstein the robot, smiling. 
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II. METHODS 

Participants 
36 University of California, San Diego undergraduates 

participated in the experiment (11 female). 9 subjects were 
excluded due to corrupt data. 

Robot Design 
This study utilized a state-of-the-art android manufactured 

by Hanson Robotics [13]. Its face, made of skin-like materials, 
is actuated by 31 servos (motors) programmed to perform 
facial movements that closely match human expressions, such 
as happiness and anger (see Fig. 1). The android’s human-like 
appearance is enhanced by resemblance to Albert Einstein 
(henceforth, we refer to it as Einstein).  

Experiment Procedure 
Participants were first introduced to Einstein and asked to 

answer a few questions about him. The experiment itself 
consisted of repeated dice games, in which participants played 
to win either with or against Einstein. The games’ outcome 
depended purely on chance. The final outcome was conveyed 
on each trial in one of two ways, as mentioned above. 
Participants’ facial reactions were measured with facial 
electromyography – EMG. This technique, which measures 
electrical changes in underlying muscle activity, allows for 
fast and sensitive online assessment of participants’ facial 
reactions to android’s expressions. Measurements were taken 
from the cheek muscle, the zygomaticus (zygo.) major, used in 
smiling, and the brow muscle, the corrugator supercilii (corr.), 
used in frowning. 

III. RESULTS 
Overall, participants reliably responded facially to 

Einstein’s facial expressions. Paired t-tests of mean zygo. and 
corr. activity during the 2nd half of trials on which Einstein 
conveyed the outcome, comparing trials on which the 
participant won with those in which he lost, present evidence 
that participants significantly smile more during trials in 
which they win, than on trials which they lost (win: 0.318, 
lose 0.183, stderr: 0.059; t(26) = 2.301; p = 0.03). Corr. activity 
presents a trend in the same direction (frowning more when 
losing than winning), although it is not significant (win: -
0.165, lose: -0.081, stderr: 0.05; t(26) = -1.69, p = 0.10). 

Furthermore, participants’ expressions reflected their 
outcome even when Einstein produced incongruent reactions, 
as was the case during the competitive block. We ran repeated 
measures MANOVAs across 500ms intervals, comparing 
EMG activity during winning and losing trials (see Fig. 2). 
While zygo. activity showed a significant decrease between 
winning and losing trials during the cooperative block 
(outcome by time interaction: F(11,16) = 2.497, p = 0.047), the 
corrugator showed a significant decrease between losing and 
winning trials during the competitive block (outcome by time 
interaction: (F(11,16) = 2.754, p = 0.032). These results suggest 
that participants did not simple mimic Einstein’s expressions. 

Finally, participants were more expressive when outcomes 

were conveyed by Einstein’s expressions than through the 
computer, specifically during the competitive block. This 
added expressivity depended on participants’ initial reactions 
to Einstein: those who described him using negative terms 
(such as “scary” or “creepy”), did not show this effect (3-way 
interaction: F(1,25) = 6.76, p = 0.015; t-test comparing winning 
and losing reactions for those who did not react negatively, 
when Einstein conveyed the outcome: t(18) = 2.87, p = 0.011). 

 
Fig. 2.  Participants respond facially to Einstein's expressions in both the 
cooperative and competitive conditions.  Zygo. (top) and Corr. (bottom) 
activity during trials in which Einstein conveys the outcome, compared across 
winning and losing trials, in either the cooperative (left) or the competitive 
(right) conditions. 
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