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Research Report

UNCONSCIOUS FACIAL REACTIONS TO EMOTIONAL
FACIAL EXPRESSIONS

Ulf Dimberg, Monika Thunberg, and Kurt EImehed

Uppsala University, Uppsala, Sweden

Abstract—Studies reveal that when people are exposed to emotipriadjortsjo, 1970). It has been consistently reported that these mu
facial expressions, they spontaneously react with distinct facial elanore generally distinguish between positive and negative emoti
tromyographic (EMG) reactions in emotion-relevant facial muscleseactions (e.g., Cacioppo, Petty, Losch, & Kim, 1986; Dimbe
These reactions reflect, in part, a tendency to mimic the facial stimuli990).
We investigated whether corresponding facial reactions can be glic- A critical characteristic of an automatic reaction, besides be
ited when people are unconsciously exposed to happy and gngppntaneous and rapid, is that it can occur without attention or
facial expressions. Through use of the backward-masking technjgseipus awareness (e.g., Schneider & Shiffrin, 1977; see Kihlst
the subjects were prevented from consciously perceiving 30-ms ¢xp@87, for a review and discussion of the impact of nonconsc
sures of happy, neutral, and angry target faces, which immedigtehental mechanisms on conscious cognition and action). Accordin
were followed and masked by neutral faces. Despite the fact |ttEdjonc (1980), the initial response to affective stimuli can be ge
exposure to happy and angry faces was unconscious, the subjetes] without conscious cognitive processes. Thus, if emotional
reacted with distinct facial muscle reactions that corresponded to|thiens in a face-to-face situation are automatically controlled
happy and angry stimulus faces. Our results show that both positiparticular affect programs, one could expect these reactions t
and negative emotional reactions can be unconsciously evoked| atidited even without the involvement of conscious processes
particularly that important aspects of emotional face-to-face commaxplore this question, in the present study, we used the backw
nication can occur on an unconscious level. masking technique to unconsciously expose subjects to picturgs of
different facial expressions. This technique was used by Mafcel
(1983), who successfully detected unconscious semantic priming be-

*Sween words. The technique has also been successful in unconsclously

sions of emotion have a biological basis, it has been proposed tE%osing subjects to facial expressions (e.g. Dimberg" [&man
they are controlled by particular “facial affect programs” (Tomki $1996; Morris et al., 1998; Murphy & Zajonc, 1993; Whalen et al.,

1962). It has further been suggested that humans are predisposefigi§sy Thus, in the present study, three groups of subjects were un-
react emotionally to facial stimuli (e.g., Buck, 1984; Dimberg, 1997d5sciously exposed to a happy, neutral, or angry face, respectively,
and, in particular, to havg facial reactions to fgmal expressions (DiMnile their facial EMG activity in thezygomatic majorand thecor-

berg, 1982, 1997). Studies on nonhuman primates indicate that f)gator superciliimuscle regions was measured. After 30 ms, these

evocation of emotional reactions to a threat display is controlle rget stimuli were turned off, and the subjects were immediaely

“innate releasing mechanisms” (Sackett, 1966) and is underpinn osed to a new picture of a neutral face, the masking stimiilus,

specific neurons that selectively respond to facial stimuli (HasselMppich had a duration of 5 s. This procedure prevented the subjects
Rolls, & Baylis, 1989). Recent studies have also found that the neufgyy, consciously perceiving the target stimuli.

activity in the human amygdala differs when people are exposed 10 \ye predicted that if distinct facial reactions can be unconscio
different facial stimuli (Morris, @man, & Dolgn, 1998; Whalen et. {il elicited, then the masked happy target face would evoke langgs-
1998) and that damage to the amygdala impairs the recognition ghsic majormuscle activity and lowecorrugator superciliiactivity
facial expressions (Adolphs, Tranel, Damasio, & Damasio, 1994).than the masked angry target face. The neutral target face wal

If facial expressions are generated by biologically given a Efected to evoke a facial EMG response pattern with an inter|
programs (Tomkins, 1962), one would expect these programs 19 @QBmewhere between the patterns for the happy and angry faces
erate automatically by eliciting facial muscle reactions spontaneolsly, ;se earlier research (e.g., Dimberg & Thunberg, 1998) very cle
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Consistent with Darwin’s (1872) proposition that facial expre

usly

5 ex-
sity
. Be-
arly

quickly, and independently of conscious cognitive processes ([
berg, 1997; Ekman, 1992). We previously reported that when pe
are exposed to pictures of emotional facial expressions, they sp
neously and rapidly react with distinct facial electromyograp
(EMG) reactions in muscles relevant for positive and negative e
tional displays (e.g., Dimberg, 1982, 1990). Pictures of happy fa
spontaneously evoke increasegigomatic majormuscle activity,
whereas angry faces evoke increasmdrugator supercilii muscle
activity, after only 500 ms of exposure (e.g., Dimberg & Thunbe
1998). The zygomatic muscle elevates the lips to form a sn
whereas the corrugator muscle knits the eyebrows during a fr|
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iMemonstrated that distinct facial reactions to facial stimuli are
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unconsciously exposed. Thus, the subjects in the happy-neutral ¢
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were unconsciously exposed to happy target stimuli, the subjec]
the neutral-neutral group were unconsciously exposed to neutral t
stimuli, and the subjects in the angry-neutral group were ung
sciously exposed to angry target stimuli.

Apparatus, Stimuli, Procedure, and Data Scoring

The subjects were individually tested in a laboratory room,
pictures projected onto a scre2 m in front of them. The picture siz
was 25 x 35 cm. The facial stimuli were selected from Ekman
Friesen’sPictures of Facial Affec{1976). Nine angry, 9 happy, an
10 neutral facial stimuli were used. The stimuli were combined in
different target-mask complexes for each group. Thus, only 4 sub
in each group were exposed to identical stimulus combinations.
target and masking faces were of the same sex, and there were
numbers of male and female combinations. Each subject was re
edly exposed to one target-mask combination. The neutral mas
faces, however, were selected so that the three groups were ex
to identical masking faces. That is, the three groups were un
sciously exposed to different conditions, but consciously expose
similar neutral faces. The target-mask complex was exposed six ti
with intertrial intervals varying between 25 and 35 s. To ensure
the subjects looked at the pictures, we preceded each trial wi
low-intensity (<42 dBA) warning noise. The exposure durations,
ms for the target stimuli and 5 s for the neutral masking stimuli, w
determined by shutters controlled by Contact Precision Instrum
(CPI) hardware and software.

Even though earlier research very clearly had shown that pe
are not aware of a backwardly masked 30-ms target face (e.g.,
berg & Chman, 1996; Morris et al., 1998; Whalen et al., 1998), a p
study was conducted in order to further confirm that the experime

parameters were effective in preventing conscious recognition of t

target faces. In this pilot study, 20 subjects were exposed to condi
similar to those in the present study, except that the subjects

explicitly told that each neutral face was preceded by a happy fac
angry face, or another neutral face. Despite their explicit knowle

about these preceding faces, none of these subjects could report;

any of the presentations, that they had perceived any facial sti
except for the neutral masking faces. To further confirm that

subjects in the experiment were not aware of the target stimuli, we

interviewed them carefully after the experiment to determine if tl
had seen any targets. None of the subjects reported that they hag
the target faces. This was true even immediately after they had
the target-mask stimuli (see the next paragraph) and after they

told about the true purpose of the experiment. Finally, all subjg N

were asked if they had perceived any light phenomenon or motiq
the pictures (which could be the case if the target-mask stimulus f]
did not overlap sufficiently). Only 2 subjects reported this, and e
though these subjects did not perceive the target faces, their data

excluded and replaced by the data for 2 new subjects. Thus| We

conclude that the experimental parameters were effective in pre
ing conscious recognition of the target faces.

Directly after the experiment, each subject was exposed to
presentation of the target-mask complex that had been present
him or her during the experiment. Subjects were instructed to rate
angry and happy they experienced the target-mask complexes,
scale from 0 to 9. These ratings did not differ between the groups

tsramged from 1.9 to 2.5, indicating that the subjects overall experiefced
ardpet target-mask stimulus complexes as relatively neutral. Thus,
ommary to the facial EMG reactions (see Results), the experience of the
neutral masking faces was not influenced by the targets.
Facial EMG activity was measured by bipolarly attached miniature
electrodes over the respective muscle regions (Fridlund & Cadiop-
po, 1986) on the left side of the face. The raw EMG signals were
measured with CPI amplifiers and were further analyzed with gon-
ittbur-following integrators with a time constant of 20 ms. The inte-
e grated signals were digitized by a 12-bit analogue-to-digital converter
anghd were stored on a personal computer with a sampling frequengy of
d200 Hz.
10 To conceal the recording of facial muscle activity, we used a caver
estéry, telling the subjects that their sweat gland activity was to be
Theasured. After the experiment, the subjects were asked if they were
egualre of the fact that their facial muscle activity had been meastured.
peai-subjects realized the true purpose of the electrodes, which implies
kihgt they were not even aware that their facial muscle activity was of
posedlest. After the interview, they were informed about the true pur-
C@ose of the study.
d to Facial reactions were scored and averaged in 100-ms intefvals
megring the first second of exposure and were expressed as charnge in
hattivity from the prestimulus levels, defined as the activity during
thhe last second before stimulus onset. A separate analysis of varjance
JANOVA) was performed for each muscle region. Before
eNOVAs, the data were collapsed over trials.
ents

ople RESULTS

?Irtn_After 500 ms of exposure, the three groups reacted differently
n th thezygomatic majorend thecorrugator supercilimusclesFs(2,
7) > 3.14,p < .05. Data for the response of taggomatic major
gscle are given in Figure 1. As the figure shows, the happy-neutral
roup reacted with a largelygomatic majomuscle reaction than didl
angry-neutral group during the 500- to 1,000-ms pet{@d7 ) =
1,p<.001, whereas the response magnitude for the neutral-ne
p was intermediate.
he corrugator supercilimuscle displayed a quite different re
mu .

(Rponse pattern (see I_:lg. 2). l\_lo_tt_e that all three groups reactgd
dden increase during the initial 500 ms; during this period,
| Jesponses of the three groups did not differ. During the 500- to 1,
eriod, however, the happy-neutral group reacted with leaer
a{ggator superciliimuscle activity than the angry-neutral grot(d,17)
:63.57,p <.001, whereas the response for the neutral-neutral g

Weras again intermediate (Fig. 2).
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nin Furthermore, a priort tests indicated that the corrugator mus
aéggponse was larger to angry-neutral faces than to neutral-ng
Jeﬁces,t(lﬂ) = 2.03,p< .03, as well as being larger to neutral-neut
V\t,ezr;len to happy-neutral face§117) = 1.68,p < .05. Contrary to the|
corrugator muscle, the zygomatic muscle had a larger response to

utral-neutral than to angry-neutral fad€$17) = 1.96,p < .05, and

eg]%o had a larger response to happy-neutral than to neutral-ng
Ofr?é:es,t(lﬂ) = 1.62,p < .06.

ed to
how
on a
for Our data show that despite the fact that the three groups

utral
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any of the rating scales;s(2, 117) < 1. The means for the ratin
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Fig. 1. Mean facial electromyographic response for #tygomatic
major muscle, plotted in intervals of 100 ms during the first second
exposure. Three different groups of participants were exposed to
tical neutral faces (“Ne”), preceded by unconscious exposuré
happy, neutral (“neutr”), or angry target faces, respectively.

patterns corresponding to the masked target stimuli. In fact, the
ferent facial reactions were similar, both in shape and in rapidity
those obtained in earlier studies in which the participants were a
of the first second of exposure to happy and angry faces (e.g., [
berg & Thunberg, 1998). These results suggest that the initial fg
reactions are controlled by rapidly operating affect programs that
be triggered independently of conscious cognitive processes. T
the present study shows that it is possible to unconsciously evq

(e.g., an aversively conditioned skin conductance response to 3
faces, as in Dimberg & Bman, 1996). That is, the present resuy
demonstrated, in particular, that distinct positive and negative fg
emotional response patterns can be spontaneously evoked w
awareness of the positive and negative eliciting stimuli. In addit
the present results support the proposition that important aspeg
emotional face-to-face communication can occur on an unconsd
level.

Itis not evident from the present study to what degree the diffe
facial reactions originate in unconscious mimicking behavior, o
what degree the facial reactions initially are readouts of underly
emotional states. In fact, one could argue that the response to a I
target stimulus could well be confounded by mimicry and a recig
cating response, both resulting in increased zygomatic activity.
thermore, the corrugator response to angry targets could be &
which also could be confounded by mimicry and a reciprocating
sponse, but the corrugator response could also be a fear respori
earlier research, we found that both mimicry-contagion and emoti
reactions occur when people are exposed to facial stimuli (Lundg

3
—@— angry-Ne i
=4 neutr-Ne

2 —fi— happy-Ne

microvolts

-2

01 02 03 04 05 06 07 08

seconds

09 1.0

Fig. 2. Mean facial electromyographic response for twerugator
aluperciliimuscle, plotted in intervals of 100 ms during the first secq
def-exposure. Three different groups of participants were expose
> identical neutral faces (“Ne”), preceded by unconscious exposur
angry, neutral (“neutr”), or happy target faces, respectively.

difierefore be to include subjective measures and other facial H
, fites. This procedure would, at least for angry stimuli, reveal to W
aiegree the different facial reactions originate in mimicking beha

nd
d to
e of

MG
hat
ior

Dior-underlying emotional states. Whether the facial reactions origi
icialmimicry or underlying emotional states, however, it is interestin
caglate the present findings to the facial-feedback hypothesis,

ciabm and form the basis for affecting emotional experience.
thouNote that the corrugator muscle activity was certainly highe

rewts detected in other studies that, like the present study, u
toarning signal before the presentation of the angry and happy sti
ifBimberg, Hansson, & Thunberg, 1999). Thus, a plausible expl
aomy of this phenomenon is that the corrugator muscle is influence
r@reparatory activity, which obscures an increased activity in comg
Feoen with the prestimulus levels, but does not obscure the fact
ngegry faces evoke larger corrugator activity than neutral and ha
réaces.
se. IRurthermore, note that all three groups reacted with a sudde
priakased corrugator response during the first 500 ms, with a peak g
uiss, and this response did not differ between the groups. This in

& Dimberg, 1995). One way to further elucidate this question wo
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ulcesponse component was not apparent for the zygomatic muscle
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uncertain what these reactions reflect. The fact that all stimuli evd
this early corrugator response, and that a similar initial response
ponent was detected in earlier studies (e.g., Dimberg & Thunb
1998), indicates that this is a general response that does not diff
tiate between the emotional content of the stimuli, but rather refl
a nonspecific effect of visual stimulation. One plausible interpreta
is that it reflects a startle reaction, which typically occurs within 2
ms (e.g., Ekman, Friesen, & Simons, 1985), and which also cal
elicited by rather weak stimuli (Blumenthal & Goode, 1991).
Finally, the present results are consistent with neural models

posing that emotional stimuli can be processed both rapidly and ay

tomatically (LeDoux, 1996). Furthermore, our data concur with reg
studies demonstrating that unconscious presentation of negative
stimuli (Morris et al., 1998; Whalen et al., 1998) evokes increa|
neural activity in the human amygdala, which probably plays a cru
role in the evocation of emotional responses (LeDoux, 1996).

question for future research to explore is the degree to which

amygdala is involved in the unconscious control and evocation of

facial reactions in face-to-face situations.
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