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Abstract

Previous research on asymmetric effects of emotional expression and brain-hemispheric asymmetry has supported
opposing theories of hemispheric dominance in the control of emotional reactions. In the present study, 32 subjects were
exposed to pictures of happy and angry facial stimuli while facial electromyographic~EMG! activity from the zygomatic
major and thecorrugator superciliimuscle regions was detected from the left and right sides of the face. The subjects
reacted spontaneously and rapidly with larger zygomatic EMG activity to happy facial stimuli and larger corrugator
EMG activity to angry stimuli. These distinct reactions were significantly larger on the left side of the face. It is
concluded that the present results support the hypothesis that the right brain hemisphere is predominantly involved in
the control of spontaneously evoked emotional reactions.

Descriptors: Facial expression, Emotional reactions, EMG, Hemispheric asymmetry, Asymmetric expression,
Positive affect, Negative affect

A great deal of interest has been focused on different aspects of
functional asymmetries in the human brain~for reviews see, e.g.,
Davidson & Hugdahl, 1995; Hellige, 1993!. It has been proposed
that emotional processes are controlled asymmetrically by the left
and right brain hemispheres.

Research focused on the neurological basis of emotion has also
used facial expressions of emotion as another window to the un-
derstanding of asymmetrical dominance in emotional processes
~e.g., Borod & Koff, 1990; for a review see, e.g., Camras, Holland,
& Patterson, 1993!. The interest in facial expressions is partly due
to the fact that the left and right facial muscles are innervated
differently by the two hemispheres. More specifically, we know
that control of the lower parts of the face is predominantly con-
tralateral, whereas the upper facial muscles are controlled more
bilaterally ~e.g., Borod & Koff, 1990; Fridlund, 1994!. Thus, par-
ticularly for the lower parts of the face, greater left facial muscle
activity can be taken as evidence for greater involvement of the
right hemisphere and greater right facial muscle activity indicates
more left hemisphere dominance.

Results from research in which expression asymmetry and0or
hemispheric activation were investigated have not been consistent.
In some studies, it had been found that the left side of the face
tends to show more extreme expression than the right, indicating
right brain dominance~e.g., Borod & Koff, 1990; Ekman, Hager,
& Friesen, 1981; Sackheim, Gur, & Saucy, 1978!. Other results
have shown the opposite, that is, a more intense expression on the

right side of the face~e.g., Sirota & Schwartz, 1982!. There are
even findings indicating a differentiation between positive and
negative emotions~e.g., Davidson, 1993; Schwartz, Ahern, &
Brown, 1979!. At least two different hypotheses have been pro-
posed~for a review, see, e.g., Camras et al., 1993; Fridlund, 1988!.
First, according to the right hemisphere hypothesis, the right hemi-
sphere dominates the mediation of emotion and, therefore, facial
expressions should be more intense on the left side of the face.
Second, according to the valence hypothesis, the left hemisphere is
the seat of positive emotions and the right hemisphere the seat of
negative emotions. Consequently, positive emotional expressions
should be more intensely expressed on the right side of the face
and negative expressions should be more intense on the left side of
the face.

It is not clear why the results from the different studies have
been inconsistent. One explanation could be that widely different
emotional stimuli, such as cognitive manipulations~e.g., Schwartz
et al., 1979! and visual stimulation~e.g., Jäncke, 1994!, have been
used. It is therefore not self-evident that the different types of
emotional elicitors are comparable and the inconsistency in find-
ings might be that the subjects, at least in some studies, have not
been exposed to an appropriate emotion elicitor~Davidson, 1993!.

One type of positive and negative stimuli that has been dem-
onstrated to consistently evoke particular positive and negative
emotional response patterns is facial expression stimuli. In a num-
ber of studies, subjects were exposed to pictures of different facial
expressions of emotion while their own facial electromyographic
~EMG! activity from emotion-relevant facial muscles was mea-
sured~e.g., Dimberg, 1982; for reviews see Dimberg, 1990, 1997a!.
It has been found consistently that happy facial stimuli spontane-
ously evoke increased activity in thezygomatic majormuscle~the
muscle used when smiling; Hjortsjö, 1970!. Angry faces, on the
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other hand, elicit increased activity in thecorrugator supercilii
muscle region~muscles used to approximate the eyebrows when
frowning!. These reactions can also be very rapidly evoked. Dis-
tinct facial reactions were detected after only 500 ms of exposure
~Dimberg, 1997b; Dimberg & Thunberg, 1998! and similar rapid
reactions can be automatically evoked without the involvement of
conscious cognitive processes~Dimberg, Thunberg, & Elmehed,
2000!. In these studies, however, facial EMG was only measured
from one side of the face, that is, the left side, providing no
information on possible hemispheric dominance.

Consequently, the aim of the present study was to compare left
and right hemifacial EMG reactions in subjects exposed to positive
and negative facial expression stimuli. More precisely, the subjects
were exposed to happy and angry facial stimuli while EMG ac-
tivity was measured from the left and rightzygomatic majormus-
cle andcorrugator supercilii muscle regions. According to the
right hemisphere hypothesis, the left hemifacial reactions should
be larger as compared with the right hemifacial reactions for both
happy and angry facial stimuli. According to the valence hypoth-
esis, happy stimuli should evoke larger zygomatic EMG responses
on the right side of the face, whereas angry stimuli should evoke
larger corrugator EMG responses on the left side of the face.
Because the lower facial muscles are innervated contralaterally
and the upper face is controlled bilaterally~e.g., Fridlund, 1988!,
it was expected that the asymmetric effects would be more clear
cut for the zygomatic EMG response to happy stimuli.

Furthermore, because earlier studies~e.g., Dimberg, 1997b;
Dimberg & Thunberg, 1998! consistently have demonstrated that
distinct facial reactions to facial stimuli are evident already during
the first second of exposure, and particularly so during the period
500–1,000 ms after stimulus onset, the critical effects in the present
study were expected to be obtained during this period.

Method

Subjects
The subjects were 32 right-handed students attending courses at
Uppsala University. There were 16 men and 16 women~mean
age5 24 years!. The subjects were paid about US $10.00. Hand-
edness was determined by simply asking the subjects if they were
right or left handed.

Apparatus and Data Scoring
Subjects were tested individually. They were seated in a chair in a
soundproof experimental chamber with a screen 1.6 m in front of
them onto which slides of facial expressions were projected with a
picture size of 253 35 cm. Because it has been found that facial
EMG reactions can be influenced by an orienting response when
different stimuli are presented intermixed~Dimberg, 1996!, one
happy and one angry face was presented nonmixed in blocks of six
trials. Thus, similar to the design in previous studies which have
been successful to detect distinct facial EMG reactions to facial
stimuli ~e.g., Dimberg, 1982, 1990, 1997b; Dimberg & Thunberg,
1998!, each subject was exposed repeatedly in blocks of six trials
to one happy and one angry face. The slides were eight angry and
eight happy faces selected from Ekman and Friesen~1976!. Con-
sequently, the slides were distributed among the 32 subjects so that
only 4 subjects were exposed to identical happy and angry stimuli.
The order of presentation of blocks of happy and angry stimuli was
counterbalanced so that half of the group saw an angry face first
and the other half saw a happy face first. The duration of exposure

was 8 s. The intertrial intervals varied between 25 and 35 s~mean5
30 s!.

Facial muscle activity was measured using Beckman miniature
Ag0AgCl electrodes, filled with Beckman electrode paste. The
electrodes were attached on both the left and right sides of the face,
over thezygomatic majorand thecorrugator supercilii muscle
regions~Fridlund & Cacioppo, 1986!. The skin was cleaned with
alcohol and rubbed with electrode paste. This procedure reduced
the electrode site impedance to less than 10 kV. The raw EMG
activity was measured with Coulbourn Hi Gain Amplifiers band-
pass filtered from 10 to 1000 Hz. The raw EMG was integrated by
Coulbourn Contour Following Integrators with a time constant set
at 20 ms. The integrated signals were digitized using a 12 bit A0D
converter and were stored on a PC with a sampling frequency of
100 Hz. The data were expressed in microvolts.

Phasic facial EMG responses were scored and averaged over
intervals of 100 ms during the first second of exposure. The re-
sponses were expressed as change in activity from the prestimulus
level, which was defined as the mean activity during the last sec-
ond before stimulus onset.

Procedure
So that subjects would be blind to the purpose of the study, they
were told that their facial sweat gland activity would be measured.
After the facial electrodes were attached, the subjects were in-
structed to sit in a relaxed fashion and watch the pictures. After the
experiment and an interview in which they were asked if they
realized that facial muscle activity had been measured, the subjects
were informed about the true purpose of the study. None of the
subjects reported having deduced what had actually been measured.

Design and Statistical Analysis
The basic design was a three factorial with emotion~angry face vs.
happy face!, side of the face~left vs. right!, and trials~six! as
repeated-measure factors~e.g., Kirk, 1968!. Data were analyzed
with analyses of variance~ANOVA !. Because the most clear-cut
effects were expected to be obtained during the period 500–
1,000 ms after stimulus onset~e.g., Dimberg, 1997b!, the first
second after onset was divided in two periods~0–500 and 500–
1,000 ms! each with five 100-ms intervals. Thus, period~two! and
intervals~five! were added as repeated measures in the ANOVA.

One ANOVA was performed for the left and right zygomatic
muscle regions and one for the two corrugator muscle regions.
Because repeated-measuresF tests are likely to result in positively
biased tests, Geisser–Greenhouse conservativeF tests were used,
reducing the degrees of freedom~e.g., Kirk, 1968!. A priori com-
parisons between means for the left and right side of the face were
evaluated byt tests.

Results

Because there were no significant effects or interaction effects for
the Trial factor, this factor will not be discussed. The data for the
zygomatic majorand thecorrugator superciliimuscle regions are
given in Figure 1. As can be seen in the upper panel of Figure 1 the
overall zygomatic EMG activity increased over periods,F~1,31! 5
12.69,p , .01. Happy faces also evoked overall larger zygomatic
EMG activity than did angry stimuli during the 500–1,000-ms
period,t~31! 5 2.33,p , .02. However, as can also be seen and as
indicated by the Side3 Emotion interaction,F~1,31! 5 4.91,p ,
.05, and the Side3 Emotion3 Period interaction,F~1,31! 5 8.45,
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p , .01, the zygomatic EMG response was larger to happy faces
on the left side as compared with the right side of the face, and this
effect was particularly evident during the 500–1,000-ms period,
t~31! 5 9.48,p , .001. The correspondingt test for angry stimuli
was t~31! , 1. Finally, it can be noted that even if the difference
between happy and angry stimuli was lower on the right than on
the left side of the face~see Figure 1!, this difference was still
significant on the right side of the face,t~31! 5 3.44,p , .01.

The mean response for thecorrugator superciliimuscle is given
in the lower panel of Figure 1. As can be seen and as indicated by
the interval factorF~4,129! 5 17.09,p , .001, and the period

factor, F~1,31! 5 36.70,p , .001, the corrugator EMG activity
was characterized by an initial distinct increase in response to all
stimuli within the first 0–500-ms period. This effect did not differ
between the two sides of the face or between the different stimuli.
Overall, the corrugator EMG reaction was larger to angry than to
happy facesF~1,31! 5 7.87,p , .01. As can be seen in the lower
panel of the figure, however, and as indicated by the Period3
Emotion interaction,F~1,31! 5 8.13,p , .01, the larger response
to angry faces was particularly evident during the 500–1,000-ms
period. Although emotion and side of face did not interact, a planned
comparison between means showed that the corrugator EMG re-
sponse to angry stimuli was larger on the left side than on the right
side of the face,t~31! 5 2.83, p , .01, which can also be seen
clearly during the 500–1,000-ms period in the lower panel of the
Figure 1. The correspondingt test for happy stimuli wast~31! 5
1.48,ns.

Discussion

Consistent with earlier studies~e.g., Dimberg, 1982, 1990!, sub-
jects spontaneously and rapidly reacted with a largerzygomatic
major muscle reaction to happy faces and a largercorrugator
superciliimuscle reaction to angry faces, which was most clear cut
after 500 ms of exposure~e.g., Dimberg & Thunberg, 1998!. Most
importantly, the present results demonstrated that the facial reac-
tions were larger on the left side of the face. This finding was true
for both the zygomatic EMG response to happy faces and for the
corrugator EMG response to angry faces. Consequently, the present
results favors the right hemisphere hypothesis. That is, this hy-
pothesis predicted larger facial muscle activity on the left side of
the face, in particular for positive reactions. The valence hypoth-
esis, however, predicted larger muscle activity on the right side of
the face for positive emotions. In this respect, the results were
opposite to those predicted by the valence hypotheses.

As in earlier studies in which rapid facial EMG responses have
been studied~e.g., Dimberg, 1997b!, the initial corrugator super-
cilii EMG response in the present study was characterized by
increased activity during the first period of exposure with a peak
after about 300 ms. Interestingly, and also consistent with earlier
studies, this early response component was similar to all the dif-
ferent stimuli ~e.g., Dimberg, 1997b!, indicating that it does not
reflect the emotional content of the stimuli but rather a nonspecific
effect of visual stimulation. One explanation could be that this
response is an effect of movements and orienting activity. It is
therefore interesting that this initial response did not differ either as
a function of stimuli or as a function of side of face. This fact
further underscores that the response reflects a nonspecific effect
of visual stimulation without any emotional processing concomi-
tant with differential hemispheric control.

It has been suggested that the left and right side of the face may
differ in muscle strength~e.g., Fridlund, 1988!. Even if it is not
self-evident that this should be the case, it could be useful to
include a nonaffective control condition that would assure that the
present results do not simply reflect difference in muscle strength.
However, one finding in the present study is clearly against this
interpretation. That is, as noted above the initial corrugator EMG
reaction reflected a nonaffective response and the fact that this
response component was similar on both sides of the face indicate
that the left and right sides are similar in muscle strength.

Another question is whether the facial reactions are evoked
spontaneously or reflect voluntarily controlled actions. A number
of factors suggest these responses are spontaneous. First, the sub-

Figure 1. The facial electromyogram~EMG! responses to pictures of happy
and angry facial stimuli plotted as a function of 100-ms intervals during the
first second after stimulus onset. The upper panel illustrates the data for the
left and rightzygomatic majormuscle regions. The lower panel illustrates
the corresponding data for thecorrugator superciliimuscle region.
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jects were instructed to sit calm and relaxed and they were not
aware that the muscle activity was being measured. Furthermore,
the facial reactions were very rapidly evoked and looked similar to
the responses detected in earlier studies~e.g., Dimberg & Thun-
berg, 1998!. In particular, the facial reactions looked almost iden-
tical both in shape and rapidity to those obtained when subjects
were, by help of the backward masking technique, unconsciously
exposed to happy and angry faces~Dimberg et al., 2000!.

In the present study, it was predicted that the difference be-
tween the left and right facial muscle reactions might be more clear
cut for the zygomatic than for the corrugator muscles. To some
extent the present data support this prediction. That is, overall,
zygomatic EMG responses to happy faces and corrugator EMG
responses to angry faces were significantly larger on the left side
of the face when evaluated by a priorit tests. On the other hand,

the laterality effect for corrugator EMG activity was not strong
enough to produce a significant interaction between emotion and
side of face.

The present results are not consistent with the results from
earlier studies in which electroencephalography~EEG! was mea-
sured from the left and right sides of the brain. In those studies
~e.g., Davidson, 1993; Davidson et al., 1990!, it was found that
positive emotion was accompanied by higher activity in the left
brain hemisphere, indicating left brain hemisphere dominance for
positive emotions. Thus, a straightforward way to further elucidate
this question would be to measure both facial EMG and EEG using
a paradigm similar to the present one. In that way it would be
possible to simultaneously study asymmetric effects for both facial
EMG reactions and brain activity.
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