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INTRODUCTION
In this review, we consider the nature and role of facial expression in
emotionalprocesses. Weexaminethe recent theoretical and empiricalliterature for its bearingon the questionsof the proximalanddistal correlates of
facial emotionalactions, particularlyon the questionof their modulating
and
initiating functions in the experience of emotion. Weemphasizethe role of
emotionalfacial action in the subjective experienceof emotion.
Weavoidin this paperthe conventionof referringto emotionalfacial action
as "expression"since that term imposesan a priori theory, implyingthat
249
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cmotionalfacial action (facial efference) has as its major role the manifestation of internal states. This as the primary role of facial action has not been
established as an empirical fact, and thus it is best for nowto employa term
that does not prejudge the outcomeof empirical and theoretical analysis.
While the term "facial efference" is less agile and less common,it has the
advantageof being neutral with respect to the kind of principles that wouldbe
called uponto explain it.
Before examiningthe empirical evidence on facial efference and its correlates, we briefly reviewthe majortheoretical perspectives on facial efference:
sensory, evolutionary, and facial feedback.
Pre-Darwinian

Sensory

Theories

of Emotion

Twophysiologists working at the second half of the 19th century, Theodor
Piderit (1858, 1888) and Pierre Gratiolet (1865), based the explanation
facial emotional action on the sensory system. Accordingto both theories,
facial movements
are generalizations of peripheral muscular actions elicited
in the course of the sensory and perceptual process. Thus, the facial action
accompanyingthe emotion of disgust is similar to that occurring whenthe
individual reacts to an unsavorytaste. Both theories point out that peripheral
movementscan also be elicited by imagination; for example, ocular accommodationand convergenceshowdifferent patterns whenone thinks of threading a needle than whenone imagines a ship on the horizon. Gratiolet (1865)
noted the close affinity betweensensation and sentiment, where the former
dealt with stimuli that camefrom the exterior whereasthe latter with those
that camefrom the interior. Sentiment, or sens intime is an experience that
originates within the organism,and as such it constitutes the basic element of
emotion. He also distinguished symbolic and metaphoric movements,where
the former is illustrated by a bowler’s movementfollowing his bowlingball
and the latter by the gesture of contemptthat is a metaphorfor a reaction to an
unpleasant odor.
Gratiolet held that "no sensation, image, or thought.., can occur without
evokinga correlated sentiment whichtranslates itself directly . . . into all
spheres of external organs... " (1865, p. 65). Moreinterestingly, however,
he insisted that the converse is equally true. "The movementsand bodily
attitudes," he wrote (p. 66), "even if they arise from fortuitous causes, evoke
correlated sentiments, which in turn influence imagination, feeling, and
thought."
Gratiolet did not refer to Piderit, whosetheory was strikingly similar,
althoughPiderit (1888) claims to havepresented his ideas in Pads in 1859at
meeting of the Biological Society, of which Gratiolet was a memberand
whichpublishes the Gazette M~dicale,which printed Piderit’s presentation in
issue #46.
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Theory of Emotion

Darwin’sviews on the communicativeand adaptive function of facial efference, being well known,need not be described here. It is worth noting,
however,that he rejected both Piderit’s and Gratiolet’s writings. He says of
the latter, "AlthoughGratiolet emphatically denies that any muscle has been
developedsolely for the sake of expression, he seemsnever to have reflected
on the principle of evolution" (1896, p. 11). Andto Piderit, whosent his book
to Darwin, the latter wrote:
I havea copyandknow
of yourworkonMimic,
etc. whichI havefoundveryusefuland
oftenquote.ButI ama poorGerman
scholarandyourstyle.... I find verydifficult to
understand.
Accordingly
I employed
a manto translatefor meseveralpages.TheseI have
givenin myintroduction,
in orderto state, as far as possiblebya fewsentences,your
views.I fearthatI may
notdoyoufull justice,butassuredly
I triedmybestto doit (Piderit
1888,pp. 7-8).
In reference to this letter, Piderit says that even if Darwinhad knownGerman
better he would not have paid more attention to the sensory theory of
emotional expression because, as in other work, Darwinwas only interested
in discovering newevidence for his theory of evolution ["Darwinne cherche
ici, commedans tous ses autres travaux, qu’h d6couvrir de nouveauxdocuments en faveur de sa th6orie de l’6volution" (1888, pp. 7-8).] Piderit’s
perception of Darwin’s motives seems accurate, as Darwin concludes his
bookby asserting that emotionalexpression is indeed a further demonstration
of how "man is derived from some lower animal form" (1896, p. 365).
Despite Darwin’s preeminentinterest in promoting evolutionary theory in
his work on emotion, his admissionof a possible causal role of efference in
the emotional experience foreshadowedthe developmentof the facial feedback hypothesis. "The free expression by outward signs of an emotion
intensifies it," he wrote. "Onthe other hand, the repression, as far as this is
possible, of all outwardsigns softens our emotions"(1896, p. 365).
Development

of the Facial

Feedback Hypothesis

JAMESIAN
THEORY
The facial feedback theory of emotional efference derives in part from William James, who in proposing his famous theory of
emotionin 1884introduced the possibility of a causal role of the face in the
experience of emotion. His often quoted statement that "the bodily changes
follow directly the perception of the exciting fact, and that our feeling of the
same changes as they occur is the emotion" (p. 13, 1922) was frequently
construed later by critics to include only, or primarily, visceral changesas
feedback. Yet in his original formulation of the feedbacktheory he namednot
only visceral but respiratory, cutaneous, and circulatory alterations. In addition, he wrote, "what is really equally prominent, but less likely to be
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admitteduntil special attention is drawnto the fact, is the continuouscooperation of the voluntary musclesin our emotional states. Even whenno change of
outwardattitude is produced,their inwardtension alters to suit each varying
mood,and is felt as a difference of tone or of strain" (p. 15). Evenin his
somewhatrevised statement in The Principles of Psychology(1890), the role
of muscles in the experience of emotionwas not discounted as thoroughly as
his critics contended(e.g. Cannon1927, 1931). He continued to refer to the
"indefinitely numerous"and "the immensenumber"of bodily reverberations
corresponding to each emotion, including amongthem visce(al, muscular,
and cutaneous effects.
As for the facial musculature,althoughhe did not specifically distinguish it
from the skeletal musculature as a source of feedback in emotional experience, virtually every exampleJames employedto illustrate his hypothesis
included somereference to facial efference. "Smooththe brow, brighten the
eye, contract the dorsal rather than the ventral aspect of the frame, and speak
in a major key, pass the genial compliment, and your heart must be frigid
indeed if it does not gradually thaw!" he wrote (p. 1078). And, he asked,
"Canone fancy the state of rage and picture no ebullition in the chest, no
flushing of the face, no dilatation of the nostrils, no clenching of the teeth
¯ . ." (p. 1067-68)?
Evenso, in his most specific reference to facial efference in The Principles,
James admitted that its influence in the generation of feeling was overshadowedby the corresponding visceral and organic componentsof emotion.
Anticipating the criticism that amongactors and others with extensive practice
in posing facial emotional actions, voluntary efference does not always
produce subjective feeling, he argued that these highly trained individuals
mayhave learned to suppress the "natural association" betweenefference and
the visceral and organic componentsof emotion, on the latter of which"it is
probable that the chief part of the felt emotiondepends"(p. 1080). For less
practiced individuals, he seemedto believe that voluntarily effecting the
"so-called manifestations" of an emotionought to give rise to that emotion.
He also admitted, "Wemaycatch the trick with the voluntary muscles, but
fail with the skin, glands, heart, and other viscera. Just as an artificially
initiated sneeze lack~ ~omethingof the reality, so the attempt to imitate an
emotionin the absence of its normal instigating cause is apt to be rather
’hollow’" (p. 1066)~
AlthoughJamesascribed to the skeletal musculaturea lesser role in initiating emotionthan other organs, he nevertheless clearly included this source of
feedback as an integral componentof his theory. In 1890 as in his earlier
formulation, he proposedfour steps in the generation of subjective experience
of emotion: a sensory stimulus (of either external or internal origin)
transmitted to the cortex and perceived; reflex impulsestravel to muscle,skin,
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and viscera; the resulting alterations in these targets are transmitted via
afferent pathwaysback to the brain; these return impulses are then cortically
perceived, and whencombinedwith the original stimulus perception, produce
the "object-emotionally-felt."
Sherrington (1900) and Cannon(1915, 1927, 1931), however, seized
James’s admission that felt emotion mayrely more heavily on visceral and
organic than other componentsas the basis of their attacks on his theory.
Drawingon animal research, they built a convincing argumentthat visceral
feedback was an inadequate determinant of emotion. Sherrington (1900) cited
his research on animals in which the autonomic nervous system afferent
pathwaysfrom the shoulders downwere destroyed, thus eliminating feedback
from the viscera. Whenpresented with an emotionstimulus, the dogs reacted
with all appearance of a normal "emotional psychosis," including facial
efference, head and foreleg movements,and vocalizations. His recommendation was therefore to "accept visceral and organic sensations and the memodes and associations of them as contributory to primitive emotion, but we
mustregard themas reenforcing rather than initiating the psychosis"(p. 258).
Cannon(1927) developed a five-point attack on the Jamesian theory. Like
Sherrington, he namedthe animal research showingan unimpaired emotional
reaction in the absence of visceral feedback (Cannon1915). He also argued
that visceral changes--heartrate acceleration, inhibition of digestive activity,
sweating, and others---occur uniformly across a variety of emotional states
and are too diffuse to discriminate amongthem. The viscera are relatively
insensitive structures, he continued, and changes in them are muchslower
than the averagelatent period of an affective reaction. Finally, he argued that
artificial induction by adrenalin of emotion-like visceral changes does not
produce the subjective experience of an emotion unless a moodis already
present.
The attacks by Sherrington and Cannonbrought a stream of response from
people such as Angell (1916), Floyd Allport (1924), and Perry (1926),
rising to James’s defense offered theoretical interpretations placing more
emphasis on the role of the skeletal musculature in emotion. Angell, for
example, declared that James "nowhereset himself the task of attempting to
differentiate emotions on exactly the basis suggested by Dr. Cannon’sstatement" (1916, p. 259). James would have agreed, he contended, that in some
emotions identical patterns of visceral excitement might occur, but might
have then argued that "their distinction from one another in such cases maybe
foundin extra-visceral conditions, and particularly in the tonus of the skeletal
muscles" (p. 260). He further argued, of Sherrington’s head-and-shoulder
dogs, that "no evidence which left facial and cranial muscles unimpaired
would ever have seemed to him very convincing as ground for conclusions
unfavorableto his theory" (p. 261). Perry (1926), in a similar vein, responded
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to Cannonthat distinctions amongemotions "maylie in the proprioceptive
rather than in their interoceptivepatterns; that is to say, in the motorset rather
than in the visceral reverberation" (pp. 300-1).
Allport (1924) argued that although the autonomicnervous system maynot
discriminate amongdiscrete emotions, it does differentiate the class of positive emotions from the negative. He assigned to the cranio-sacral division
responsibility for the "conscious quality of pleasantness," and to the sympathetic division the "visceral responses whichare represented in consciousness as unpleasant" (p. 90). Further, Allport proposed that within a single
affective class "the differentiating factor arises from the stimulation of the
proprioceptors in the muscles, tendons, and joints of the somatic part of the
organism; and that afferent impulses from these somatic patterns of response
add to the autonomiccore of affectivity the characteristic sensory complexes
by which one emotionis distinguished from another" (pp. 91-92). To this
added that "the facial expressions as well as bodily movementsare strongly
differential" (p. 92).
Indeed, Cannonhad a more difficult time in dismissing the muscular
component of James’s theory. He claimed simply that "sensations which
underlie the appreciation of posture are entirely lacking feeling-tone" (1927,
p. 119). He acknowledgedthat motor attitude seems to influence subjective
experience, but argued that instead of providing sensory feedback, certain
postures remove the usual motor cortex inhibition of the thalamus, the
structure at the center of his theory of emotion, thus facilitating subjective
experience.
NeitherJames’scritics nor his defendersdefined a specific role of the facial
musclesin emotion, a definition that was not to appear for several decades.
But in the interim, Nina Bull proposed her Attitude Theoryof Emotion(Bull
]951; Pasquarelli & Bull 1951), which revived and extended the muscular
aspect of Jamesian theory.
TIlE ATTITUDE
THEORY
In the Attitude Theory, Bull argued that confusion
about whetherbodily changeor subjective experience comesfirst was due to a
failure to separate emotional efference into its componentparts. James was
mistaken, she explained, only in that he focused on the action component
rather than on the preparatory motor attitude: "Wefeel angry as a result of
readiness to strike, and feel afraid as a result of readiness tO run away,and not
because of actually hitting out or running, as James explained the sequence"
(1951, p. 6).
Bull postulated that the involuntary postural attitudes preparatory to action
are accompaniedby appropriate organic changes, and that "feelings of these
organic changescombinewith the feelings of the orienting posture itself--and
with someawarenessof the original exciting stimulus--to produce the famil-
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iar experience knownas an ’emotion’" (p. 5). She further suggested that
feeling "mayfollow and accompanya motorattitude, but does not necessarily
do so; and cannot possibly precede it---cannot in fact appear at all without an
antecedent motorattitude to fire the afferent pathwaysfrom the muscles and
viscera to the brain" (p. 19).
To test the Attitude Theory, Pasquarelli &Bull (1951) first induced
subjects an emotionand its corresponding motor attitude through hypnosis,
using such directions as these (for anger): "Your hands are getting tense and
your arms are getting tense. Youcan feel your jaw tightening." They then
"locked" this attitude, and suggested the feeling, but not the attitude, of a
contrasting emotion. In sometrials an unpleasant emotion (disgust, anger,
fear, or depression) was locked and a pleasant one (joy, triumph) suggested
and on the others the reverse sequence was followed.
Withoutexception, subjects reported they could not successfully "feel" the
suggested emotion while locked in the contrasting attitude. Those w~ho
changedtheir feeling to the newemotioncould do so only by disobeying the
suggestion prohibiting changesin efference or organic sensation.
Like those whoprecededher, Bull did not assign a special role to the face,
although the hypnoticsuggestions to subjects included instructions for facial
as well as bodily motorattitude. But within the next decade, emotiontheorists
beganto postulate a specific and central role of the facial musculaturein the
experience of emotion. These postulates, embeddedwithin comprehensive
theories of emotion, cameto be knownas the facial feedback hypotheses.
FACIALFEEDBACK
HYPOTHESES
First among these theorists was Silvan
Tomkins, who in a wide-ranging two-volume set of books (1962, 1963)
introduced the notion of facial feedback. "Most contemporaryinvestigators
have pursued the inner bodily responses, after the James-Langetheory focused attention on their significance," he explained. "Important as these
undoubtedly are, we regard them as of secondary importance to the expression of emotionthroughthe face .... the face expresses affect, both to others,
and to the self, via feedback, whichis more rapid and morecomplexthan any
stimulation of which the slower movingvisceral organs are capable" (1962,
pp. 205-6). As providing feedback from the face he listed the tongue and
facial muscles, the sound of one’s ownvoice in the ears, and changes in
blood-flowand temperatureof the face. He futher regarded the facial muscles
as moreinformative of affective state than those of the trunk and extremities,
thereby makinga clear statement about the face apart from the other skeletal
muscles.
Tomkinsbuilt his case for the primacyof the face uponseveral arguments.
First, he argued the face is the most sensitive and dominantpart of the body,
with a high density of "neural representation and firing" (1962, p. 208).
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noted that in contrast to other responses, involuntary facial responses are
highly resistant to habituation. In addition, the facial muscleslack a fascial
cover that binds muscleselsewherein the bodytogether into groups, so that in
the face, "smaller muscle portions or even single musclebundles maycontract
independently of the rest of the muscle" (p. 225) in a variety of complex
patterns.
In the Tomkinsfeedback cycle, a stimulus activates an innate, subcortical
"affect program," which emits messages through the motor and circulatory
pathwaysto the entire body. The responses of the affected motor and glandular targets--the face primarily, other sites secondarily--supply sensory feedback to the brain, which, if it reaches consciousness, is subjectively experienced as emotion. Tomkinsargued that this feedback may be acted upon
whether or not it reaches awareness, that voluntary facial efference maynot
accurately duplicate the innate pattern, and that the sequencemaybe initiated
by retrieved conscious affect or central imagery as well as by an external
emotion stimulus.
He later modified his theory somewhatto downplay the facial muscles
["Muscles appear to be specialized for action and not for affect" (1980, p.
149)] and focused instead on the facial skin as playing the greatest role in
producingfeelings of affect. Hespecifically arguedthat in an expressive face,
receptors normallyhiddenin the skin changeposition in responseto the facial
muscle patterns; the feedback is therefore from these cutaneous receptors
rather than from the muscles of the face.
Both muscles and skin played important roles in Gellhorn’s (1964) view
facial feedback, and both bodily and facial muscles were assigned important
roles. Gellhorn argued that body posture influences affective arousal through
the proprioceptive discharges feeding back to alter hypothalamicbalance. But
because such diverse states as happiness and tenseness are both associated
with increased proprioceptive postural discharges, while low muscle tone
accompaniessadness as well as "postprandial happiness," he considered the
proprioceptive feedback provided by bodily posture to be insufficient to
distinguish amongdiscrete emotions. For this differentiating information he
turned to the face.
"The great density of the cutaneous receptors in the face and the considerable variety of the patterns of contraction of the facial musclessuggestthat the
resulting patterns of neocortical excitation and hypothalamic-cortical discharges will match in diversity that of the emotional expression," he wrote
(1964, p. 465). He argued that the proprioceptive facial-muscle discharges
arouse the hypothalamic-cortical system, while tactile impulses are conveyed
to sensorimotor cortex. In combination, these two sources of feedback "play
an important role in the developmentof the emotionsand a subsidiary role in
their reinforcement after they have been established," he claimed (p. 468).
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Izard voiced a similar view in his Differential EmotionsTheory(1971).
contendedthat the primary componentsof emotionare neural activity, striate
muscleor facial-postural activity, and subjective experience, augmentedby
the brain stem reticular system and the glandular-visceral system. In his
sequenceof events, a stimulus perception activates central neural activity (in
an unknownorder to the brain stem, hypothalamus, and limbic cortex),
producing a global pleasant or unpleasant feeling. The hypothalamussignals
the smoothand striate muscles(perhaps in a discrete emotion-specificpattern
to the face). The specificity of the facial musclefeedbackto the brain stem,
hypothalamus, limbic system, thalamus, and possibly cortex determines the
specificity of the felt emotion. Feedbackfrom the auxiliary systems (including visceral, glandular, cardiovascular, and respiratory) helps sustain and
amplifythe subjective experience. He addedthat for a specific facial pattern
to match subjective experience, it must correspond to the original efferent
pattern, the neural messagemust travel innate pathwaysfor the emotion, and
the feedback must be reasonably complete (e.g. slight or micromomentary
efference mayproduce only fleeting awareness).
In sum, although their ideas varied somewhat
in the particulars, these three
theorists in quick successionproposeda specific and central role of the face in
the experience of emotion. Their thoughts inspired a wealth of empirical
research on the facial feedback hypothesis.
INVESTIGATING

FACIAL

FEEDBACK

In the course of empiricalinvestigation of facial feedback,several versions of
the hypothesis have evolved. The most basic, drawndirectly from the theories
of Tomkins,Gellhorn, and Izard, is considered first. It proposes simply that
in the process of a naturally occurring emotionalexperience, there will be a
correspondencebetweenfa~:ial efference and subjective experience. Implicit
in this version are the notions that strength of efference and intensity of
subjective experience covary, and that specific efference patterns correspond
with specific subjective states.
Althoughin the original facial feedback hypotheses autonomicarousal was
assigned only an auxiliary role, at most amplifyingor sustaining an emotional
experience, others have pursued the Jamesian notion that facial efference
patterns correspond with patterns of autonomicarousal as well. Thus, research has also addressed whether facial efference and arousal covary in
intensity and whetherarousalpatterns are differential, at the least, for positive
versus negative emotional efference patterns, and, at most, for a variety of
discrete facial efference patterns. Thecorrelational literature on facial efference, physiological arousal, and subjective experience addresses these questions arising from the original facial feedback hypotheses.
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Correlational
Studies of Facial Efference and Emotional
Experience
In the correlational literature on facial feedback, external stimuli such as
films, electric shock, and slides are mosttypically used as elicitors of facial
emotional efference, but some researchers have had success using other
techniques such as imageryand reinforcement. In general, only physiological
or subjective correlates of facial efference have been measured,but in a few
studies both types of information have been collected from the samesubjects.
PHYSIOLOGICAL
EXPERIENCE
The literature
on emotional efference and
physiological arousal preceding the facial feedbackhypotheses suggested that
any correlation betweenfacial expressivity and arousal wouldbe negative. In
most of this research (Prideaux 1920; Landis 1932; Jones 1948; Block 1957;
Learmonthet al 1959), subjects who were most expressive showed little
autonomic arousal, and those least expressive showedthe most autonomic
activity.
As a logical extension of this early research, initial studies on facial
efference and physiological arousal adopted the same between-subjects methodology. Lanzetta & Kleck (1970), for example, were amongthe first
examinethe association betweenfacial efference and arousal in the context of
a study on encodingand decoding ability. In their study, subjects undergoing
shock trials were unknowinglyvideotaped. Their degree of facial expressiveness was determinedby the ability of a set of judges to accurately discriminate
shock from nonshocktrials from the subjects’ faces. Subjects with the highest
galvanic skin responses (GSR), indicating sympathetic autonomic nervous
system activity, were the least facially expressive, paralleling the inverse
relationship betweenemotional expressivity and GSRreported by the earlier
researchers.
Notarius & Levenson (1979), on the other hand, found no significant
association between GSRresponses and expressiveness of response to the
threat of shock. But consistent with the general pattern, less facially expressive subjects showedgreater heart rate and respiration rate responses to
the threat than did more expressive subjects.
Bucket al (1972), in the context of research on nonverbal communication
accuracy, looked at GSRand heart rate correlates of facial efference elicited
by sexual, scenic, maternal, disgusting, unusual, and ambiguousslides.
Expressivity of subjects was measured by howwell observers could guess,
from subjects’ facial efference, the category and pleasantness of slides being
viewed. Expressive subjects showed lower GSRthan less expressive ones,
but heart rates did not differ. Buckand colleagues (Bucket al 1974) replicated
this study using male-female pairs of senders and observers as well as
same-sex pairs. They again found lower GSRamongmore expressive sub-
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jects (this time for menonly) and no differences in heart rate in betweensubjects comparisons. Morerecently, Buck(1977) found a negative association betweenindicators of expressivity and skin conductancein both male and
female preschoolers in response to slides.
Whythe degree of an individual’s emotional expressivity, facial or otherwise, should inversely vary with autonomicarousal, has been explained in a
numberof ways. The basic discharge or cathartic-hydraulic view is that
emotion must find an exit, and if it cannot be vented outwardly through
efference, it must be routed inward. Jones (1948) labeled individuals who
outwardlydisplay emotionbut showlittle arousal "externalizers;" those who
behaviorally manifest little emotionbut showsubstantial autonomicactivity
he called "internalizers." Lanzetta &Kleck(1970) proposedthat individuals
whoare socialized to inhibit their outward emotional displays evidence
increased arousal from the combination of redirected emotion and conflict
experienced over competing tendencies to express and to inhibit emotion.
Bucket al (1974) suggested that during the emotional socialization of such
individuals, the stress of parental rebukes becomesassociated with emotioneliciting situations, and that the arousal they showmayarise from this
association rather than from evoked emotion. Buck also later suggested
(1977) that innate determinants mayplay a role in whetheran individual is
internalizer or extemalizer.
Whatis important for the facial feedback hypothesis, however,is that the
inverse relationship foundbetweensubjects does not rule out the possibility of
a positive correlation betweenexpressivity and arousal within subjects, as
wouldbe predicted by the hypothesis. In fact, in nearly all within-subjects
analyses, that is the association that has been found.
Vaughan& Lanzetta (1980) recorded both autonomic arousal and facial
expressivity as judgedby activity in musclesaroundthe eyes and jaw (indicating pain) of subjects watchinga model’sreactions to shocks. Onshocktrials,
subjects showedboth greater facial activity (resemblingpain) and increased
GSR,compared to nonshock trials.
Contradictory results have been reported in two studies with infants. Brock
et al (1986) found that 3-month-oldinfants’ smiles in reaction to a female
experimenter corresponded with an increase in heart rate. But Cohenet al
(1986) found in a study of 4-month-oldinfants’ facial efference in response
their mothers’ facial poses that infants’ heart rate increased during anger
efference but decreased when their faces showed interest and joy. Skin
temperature was highest during angry faces and lower during joy.
Dimberg(1982) used photographs of emotional faces as stimuli and measured both heart rate and skin conductance responses. Happy face photographs produced increased zygomatic activity and angry photographs increased corrugator activity, indicating that subjects adopted happyand angry

Annual Reviews
www.annualreviews.org/aronline
260

ADELMANN& ZAJONC

facial patterns, respectively. Heart rate and skin conductancedroppedin both
patterns of emotional efference (and did not vary by emotion).
In the studies by Buckand colleaguesnoted earlier, greater facial activity in
response to the stimulus slides corresponded with higher GSRreactivity
within subjects (Bucket al 1972, 1974). In addition, GSRincreased with the
unpleasantnessof an individual’s facial reaction to slides (Buck1977; Bucket
al 1972, 1974), as did heart rate (Buck et al 1972, 1974).
The within-subjects research on physiological correlates of spontaneous
facial efference is mixed. Indicators such as GSRand heart rate do not seem
to consistently discriminate positive from negative facial affect, but they do
appear to generally increase with intensity of facial efference.
SUBJECTIVE
EXPERIENCE
More directly pertinent to facial feedback hypotheses is whethersubjective experience corresponds with facial efference.
In contrast to the research on physiological correlates, greater facial expressivity is uniformly associated with greater subjective experience both
between and within subjects, and the reported emotion tends to match the
particular facial efference pattern in both valence and category.
In two between-subjects studies, Cupchik &Leventhal reported associations between facial expressive behavior and evaluations of cartoons in
research on audience and sex effects. In one (1974), the intensity of spontaneous smiling and laughing at cartoons (manipulated by playing canned laughter) was correlated with higher funniness ratings by womenbut only for
poor-quality cartoons for men.Theseresults were replicated in a secondstudy
(Leventhal & Cupchik 1975) in which type of canned laughter was varied.
Kleinke & Walton(1982) manipulated subjects’ spontaneous facial efference of happiness using reinforcement techniques. Subjects were not aware
that this was influencing the amountthey smiled, nor could they accurately
guess howoften they smiled during the study. Those whowere reinforced to
smile frequently reported more positive feelings and rated the interview and
interviewer higher than did those not reinforced.
Ekmanet al (1980) examinedboth positive and negative affect in a study
using films as stimuli. Facial efference patterns were codedusing their Facial
Action Coding System (FACS). Subjects who showed a happiness facial
action while watching positive films reported themselves as happier than
those whodid not showit, and the frequency, duration, and intensity of this
action were positively correlated with self-reported happiness. Onthe other
hand, subjects whoshowedfacial actions of anger, fear, disgust, sadness, or
contemptto a negative film reported more negative affect than those whodid
not, and frequency and duration of expressed negative emotion were correlated with greater self-reported negative affect. In particular, expressed and
felt disgust were significantly related.
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In several within-subjects analyses, facial efference patterns as assessed by
electromyography (EMG)corresponded with self-reported mood. Teasdale
Bancroft (1977) compared corrugator EMGand depressed moodin a small
sample of depressed subjects during happy and unhappy thoughts. The unhappy imageryincreased both depressed moodand corrugator activity (negative facial efference) comparedto happy thoughts, and depressed moodand
corrugator activity were highly correlated. McHugo
(1983) found that activity
of the zygomatic muscles (happy facial efference) while watching positive
films was correlated with positive self-reports, while corrugator activity
during a negative film was linked to higher self-reported anger. In a third
study (Cacioppo et al 1986), although observers could not discriminate the
valence and intensity of subjects’ facial displays to slides, EMG
activity
reliably did so; corrugator activity (anger) was higher for negative than
positive self-reported affect, and the morethe corrugator activity, the more
negative the affect. Similarly, zygomaticresponses correspondedwith greater
pleasant than unpleasant affect. In two experiments, Dimberg(1987b) also
found that subjects’ corrugator and zygomaticactivity in reaction to pictured
stimuli correspondedto negative and positive self-reports, respectively.
Schwartz and colleagues have published a number of studies on facial
efference generated by imagery-inducedaffect and assessed with EMG.In a
1976 study, depressed and normal subjects imagining happy, sad, and angry
situations generally showedthe correspondingfacial efference patterns and
subjective reports for each emotion, although the magnitudeof each response
differed for depressed and normal subjects. In a normal student sample,
Brown&Schwartz (1980) found increased self-reported happiness and happy
facial patterns (zygomatic)following standardized happyimagery, and greater reported sadness and sad facial patterns (corrugator) following sadness
imagery. Anger and corrugator activity, and fear and zygomatic activity
followed the correspondingimageryfor anger and fear. Differing intensities
of imageryevokedparallel intensity of both facial activity and subjective
experience. In another sample, self-reported happiness and zygomaticactivity
both increased with happy imagery, and self-reported sadness and corrugator
activity resulted from sadness imagery(Schwartzet al 1980). Similar results
were reported using self-referent statements to generate affect (Sirota et al
1987).
Animagery paradigmwas also used by Sutherland et al (1984) in a sample
of black women.Imagining fearful and racially derogatory scenes increased
corrugator activity and reduced pleasantness ratings comparedto imagining a
neutral scene.
Only one report departed from this consistent positive association between
facial efference and subjective experience. Kleinke & Walton(1982) found
a within-subjects analysis of their data (for both subjects whowerereinforced
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for smiling and nonreinforced subjects) that amount of smiling was not
significantly correlated with self-reported positive feelings.
PHYSIOLOGICAL AND SUBJECTIVE EXPERIENCE Finally,
in several studies
both physiological and self-report correlates of facial efference were assessed
in the samesubjects. Three of these involved between-subjectstests. In the
first, researchers divided their sample into groups varying in rated facial
expressivity (Notarius et al 1982). In reaction to an angry scolding by
experimenter, minimally expressive subjects showeda significant heart rate
increase comparedto both nonexpressive and highly expressive subjects, and
reported significantly higher guilt feelings (but did not differ on nine other
affect scales). In the second, Winton et al (1984) found no significant
correlations of facial expressivity with heart rate or skin conductancein
between-subjects analysis. Ridgeway& Waters (1987) found that children
asked to think about exciting experiences showedmore facial pleasure and
heart rate variability than children in a calm-imagery group, and a sadimagerygroup showedless facial pleasure and slightly less heart rate change
than in the calm group.
Whenthe relationship betweenfacial efference and its correlates is examined within subjects, the picture again changes. Kleck and colleagues
(1976) measuredsubjective and autonomicresponses in a study on the impact
of an observer on expressiveness. The presence of another reduced the
expressive response to shock, and both subjective and autonomic responses
decreased as well.
Subjects in a study by Dimberg(1987a) showedgreater corrugator activity
and skin conductance responses and more rated unpleasantness to a highintensity tone than to one of low intensity. Heart rate decelerated to the
low-but not the high-intensity tone.
As part of a larger study, McHugo
et al (1985) showedsubjects taped silent
television segments of RonaldReaganexpressing happiness, fear, or anger.
Subjects imitated the facial patterns, with elevated zygomaticactivity during
happy segments, elevated corrugator and reduced zygomatic activity during
anger segments, and both moderately raised corrugator and moderately lowered zygomatic activity during the fear segments. Corresponding to their
happyfacial imitations, subjects’ self-reported joy and warmthwere high and
skin conductance was low. For anger, reported negative affect and GSR
responses were high. Whenproducing fearful faces, both positive and negative self-reported affect were moderatelyhigh, and the samewas true of GSR.
Heart rate droppedfor all three facial patterns, but moreso for the negative
ones.
Wintonet al (1984), using slides as stimuli, foundthat heart rate increased
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linearly with pleasantnessof subjective report and facial efference, while skin
conductanceincreased with the intensity of facial efference and self-report,
regardless of valence.
Finally, in a 1981study, Schwartz and colleagues used the imagerytechnique to examinethe blood pressure and heart rate correlates of happiness,
sadness, anger, and fear in comparisonto relaxed and control trials. Fear and
happiness both were linked with increased heart rate and systolic blood
pressure; but in fear, heart rate increased more. Sadness and happiness
producedsimilar heart rate and systolic blood pressure levels, but sadness
produced lower diastolic blood pressure. Anger, like fear, was associated
with high heart rate and systolic blood pressure, but it produced higher
diastolic bloodpressure. Self-reported affect correspondedappropriately with
each pattern of facial efference.
IMPLICATIONS

FOR THE FEEDBACK

HYPOTHESIS

From

the

correlational

literature it is clear that in between-subjectstests, facial expressivenessis
negatively correlated with autonomicarousal. Morecrucial for the feedback
hypothesis, however, are within-subjects comparisons. These show convincingly that increased facial expressiveness of emotionis correlated with
increased physiological arousal, as the hypothesis predicts. Generally, it
appears that facial efference of either positive or negative affect is associated
with autonomicarousal, although there is someevidence that increased GSR
is linked specifically to negative facial affect (Buck1977; Bucket al 1972,
1974; Dimberg 1987a; Kleck et al 1976; McHugoet al 1985; Vaughan
&Lanzetta 1980) and that increased heart rate is specific to pleasantness
of the facial efference pattern (Brocket al 1986; McHugo
et al 1985; Ridgeway &Waters 1987; Wintonet al 1984), although the reverse has also been
noted for heart rate (Buck et al 1972, 1974; Cohenet al 1986; Schwartz et
al 1981).
Asfor subjective experience, specific affective self-reports increase almost
without exception with facial efference patterns of the corresponding emotion. This is not surprising given that in most research paradigms the
accompanyingemotional stimulus could easily inform subjects of the appropriate feeling even if facial efference did not. But in studies where
spontaneousfacial efference was intensified without subject awareness(i.e.
by using reinforcement, canned laughter, or the presen~ce of an observer),
self-reported affect increased correspondinglyabovethe level reported to the
emotionalstimulus alone. Theseresults suggest the possibility not only of a
correspondence, but of a modulating influence of facial efference in the
experience of emotion, a hypothesis explored more thoroughly in research
using experimentally manipulated facial efference.
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Experimental Studies of Facial Efference and Emotional
Experience:
the Modulating Function
The possibility that facial efference plays a causal role in emotionhas long
been a subject of theoretical speculation (Gratiolet 1865; Darwin1896; James
1890, 1922). Althoughthe original facial feedback hypotheses restrict consideration of this role to the context of ongoing, spontaneous emotion,
research in which facial emotional action is experimentally manipulated has
mushroomed
in the past decade. Part of the reason is undoubtedlythe inability
of research using spontaneousefference to separate correlation from causality. Interest in the possibility of modulating,and, perhaps, initiating effects of
facial efference is such that the term "facial feedback hypothesis" is now
commonlydefined in these terms (Buck 1980; Laird 1984; Matsumoto1987).
Mostwork examiningthe role of voluntary facial efference focuses on its
modulating function in emotional experience. Typically, an emotional stimulus (in the form of an external stimulus, such as a film, or an internal one,
such as imagery) is introduced, and the effects on emotional experience of
exaggerating or inhibiting a congruent facial efference pattern or simulating
an incongruent pattern are examined.
PHYSIOLOGICAL
EXPERIENCE
In the literature relating facial efference to
other componentsof emotional experience, correlational studies have focused
largely on the physiological correlates while experimentalstudies have tended
to focus on subjective experience. True to this split, only a few experimental
studies on facial efference examineonly physiological correlates.
In the first, Colbyet al (1977) required subjects to facially pose high,
moderate,and no pain on different shock trials. Theyfound that as intensity
of posed pain to a shock increased, so did subjects’ GSRresponses, but in the
absence of shock, posed pain did not affect skin conductance. In the second
study, a variant of their 1980 correlational study using spontaneous expressions, Vaughan & Lanzetta (1981) measured autonomic responses
subjects watchinga model’sdisplay of pain in response to electric shock. The
subjects were instructed either to inhibit their ownfacial patterns, to display
pain whenthe modeldid so, or were given no instructions. The display group
showedincreased skin conductance and heart rate comparedto the other two
groups, which did not differ from each other.
Tworecent studies used imagery to generate emotions. Ianni et al (1986)
comparedvoluntary facial anger, disgust, neutral, and control conditions
during anger imagery. Facial anger augmentedcardiovascular activity compared to the other facial actions, particularly reducing finger blood flow; but
skin conductanceand heart rate were not significantly affected. Lanzetta,
Kleck, and colleagues (Kappas et al 1987) reported that adding matching
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overt facial action to self-generated emotions (happiness, sadness, anger,
peacefulness) increased heart rate but did not change skin conductance.
SUBJECTIVE
EXPERIENCE
In contrast to the physiological data, a numberof
studies have focused on the effects of suppressing, exaggerating, or dissimulating facial efference on subjective experience during an emotional
stimulus. One of the earliest was the Leventhal & Macebetween-subjects
experiment (1970) in which the evaluations of a comedy film by school
children asked to smile and laugh as muchas they could were comparedwith
those of children askednot to laugh. Among
girls, positive ratings of the film
.were higher in the exaggeration than the inhibition group, but the opposite
was true for boys, although they laughed more.
Rhodewalt & Comer (1979) manipulated smiling, frowning, or neutral
patterns using Laird’s (1974) technique while subjects wrote a counterattitudinal essay. Subjects’ moodwas most positive in the smile and least positive
in the frown conditions, with neutral in between. Moodwas most negative in
the frowning group, least negative in the smiling group, and in betweenfor
the neutral group. Attitude changewasalso greatest in the smiling and least in
the frowning groups.
Laird and colleagues have madeseveral within-subjects investigations of
facial efference and mood. Laird (1974) first induced subjects to display
smiles and angry frowns by manipulating muscle contraction patterns, and
then exposed them to pictures of children and of the Ku KluxKlan. Aggression scores were higher on the frowning than smiling trials, and scores on
elation and surgency scales were higher on smiling than frowning trials.
(Anxiety, remorse, and social affection were not differentially affected by
efference.) The difference between self-reported moodon smiling versus
frowning trials was significantly larger for manipulatedthan for nonmanipulated observer subjects, suggestingan effect of efference abovethe effects of
the slides. In a secondexperiment, subjects rated cartoons as funnier whenin
the smiling than in the frowningcondition; elation was also higher (but not
significantly) and aggression lower while smiling than whenfrowning. Laird
&Crosby(1974) reported one successful and one unsuccessful replication
this work using humorouscartoons as stimuli.
Again using a technique similar to Lairds’s, McArthuret al (1980) induced
smiles, sad frowns, and neutral patterns while subjects viewed positive,
negative, or neutral slides. Self-reported moodof normal-weight but not
overweight subjects was less happy when frowning but not significantly
happier when smiling comparedto neutral across stimuli. In a replication
reported in the same article the same pattern was found.
Rutledge & Hupka(1985) also used Laird’s technique to pose joy and anger
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in subjects viewingneutral slides and high and low anger and joy slides. In a
within-subjects comparison, subjects reported feeling more joyous and less
angry when posing joy, and more angry and less joyous when in an anger
pose. The difference held across all stimulus intensities. Theresearchers also
comparedthe self-reported affect of posed subjects with that of observers who
had undergone the same experimental session but were instructed to keep
facial musclesrelaxed. The subjects whenposing joy reported greater feelings
of joy than their paired counterparts across stimuli, and whenposing anger
reported greater anger.
Kraut (1982) varied the experimental paradigm by using pleasant and
unpleasantodors as affective stimuli in a within-subjects experiment. Posinga
pleasant reaction increased the evaluated pleasantness of the odors while
posing disgust decreased it comparedto the ratings madewhile spontaneously
reacting to the odors.
Three experimentshave tested for modulatinginfluences of facial efference
during self-generated emotion. McCanne& Anderson (1987) asked subjects
first to imagine a positive or negative situation, then to imagine the scene
while enhancingeither zygomaticor corrugator tension. In a third trial, they
were instructed to suppress tension in that muscleduring imagery. The muscle
changes were verified by EMGbut were otherwise not readily detectable.
Suppressed zygomatic activity during positive affective scenes decreased
self-reported enjoymentand increased distress; no other effects of muscle
activity were significant. Klions and Dale (Riccelli et al 1984; Antila et al
1988) used self-referent statements to induce moodand posed facial actions
monitoredby EMG
in two studies. In the first, positive and negative emotional facial actions (zygomaticand corrugator) increased self-reported elation
and depression, respectively, comparedto the reports of nonmanipulated
subjects reading the statements. In the second, facial actions incongruentwith
the statements reduced the contrasting self-reported moodcomparedto reports
of unmanipulatedsubjects, but the differences were not significant.
Rutledge and colleagues (1987) reported effects on felt emotion from
isolated facial musclecontractions while viewingslides used in their earlier
study. Across all slides, contraction of forehead muscles (occipitofrontalis)
was associated with greater reported surprise; contraction of the corrugator
(brow)was linked with feelings of anger. Triangularis contraction (pulling
mouth down) and zygomaticus contraction (creating a smile) were linked
respectively with sadness and joy. This study was unusual in movingbeyond
a positive/negative (dimensional) distinction by linking specific forms
facial emotional efference with reported changes in discrete (categorical)
emotions.
Strack and Martin (Strack et al 1988; L. L. Martin, T. F. Harlow, F.
Strack, in preparation) have also tested dimensional versus categorical ef-
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fects of facial efference using a techniquerequiring subjects to hold a pen in
their mouthsin different ways.In two initial experiments(Strack et al 1988),
subjects held the pen either in their teeth (simulatinga smile) or in their lips
(simulating a frown). Their ratings of cartoon funniness were higher during
the "smile" and lower during ther "frown" patterns comparedto ratings in a
control condition. Using the pen technique to simulate smiling, angry, and
frowning efference (L. L. Martin, T. F. Harlow, F. Strack, in preparation),
they first found evidence only for a dimensional perspective: "smiling"
subjects reacted morepositively to stories than did "frowning" or "angry"faced subjects; but whenstories were changedso that only angry (not sad)
evaluations were appropriate, angry poses produced more angry evaluations
but sad facial efference did not. The researchers also found that adding
physiologicalarousal that could not readily be attributed to exercise increased
negative and reducedpositive ratings of stories for anger-posingsubjects and
producedthe reverse effects for smile-posing subjects.
The data in this section are largely consistent in showingthat voluntary
facial efference, whetherproducedby direct request to express or inhibit or by
more subtle muscle manipulation, changes subjective experience. Exaggeration of facial efference congruentwith an emotionalstimulus increases corresponding subjective experience of an emotion while inhibition reduces it.
Simulating efference incongruent to a stimulus also reduces stimulusconsistent subjective experience. In the only study looking at morethan two
emotions, the results suggest that manipulationof emotion-specific efference
increases the corresponding emotion-specific subjective experience.
TWOearly studies dealt
with the modulating effects of facial pose on subjective and physiological
reactions to electric shock. In a between-subjects experiment by Kopel &
Arkowitz(1974) subjects role-played either a calmor upset reaction or did not
role-play during shock. Subjects posing an upset reaction reported feeling
more pain and had a lower pain threshold than the neutral controls, while
those posing calm reported less pain and a higher threshold. The calm facial
pattern looked no different to observers than did the control, although the
upset pattern did. Pulse rate wasnot affected by the role-playing. Lanzetta et
al (1976) asked subjects to conceal or clearly reveal their reactions to shocks
of varying intensit3~. Independentjudges confirmedthat facial displays for
hiding and exaggerating trials differed in the appropriate directions from
baseline patterns. Compared
to the baseline (previously collected spontaneous
reactions), hiding a facial response to shock reduced both GSRand the
subjective report of shock painfulness; exaggerating the facial reaction increased both GSRand self-reported pain.
Subjects also suppressed or exaggerated the congruent patterns for
PHYSIOLOGICAL AND SUBJECTIVE EXPERIENCE
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pleasant, unpleasant, and neutral film segmentsor reacted spontaneously in
another study (Zuckerman et al 1981). Finger blood volume, skin conductance, and heart rate were measured, and subjects made self-reports.
These researchers reported greatest autonomicarousal across stimuli in the
exaggeration group, followed by the spontaneous expressers, and the lowest
arousal amongthe suppressors. The differences were greater in groups viewing affect-laden films than in those viewingneutral films. Films wererated as
more pleasant for pleasant scenes and more unpleasant for unpleasant scenes
by the exaggerators than by the suppressors or spontaneousreactors, although
the differences were not significant. Reported intensity of reactions was
higher for the affective films whenreactions were exaggerated. Higher levels
of facial expressivity were associated with greater autonomic arousal and
subjective experience within as well as betweensubjects.
In two studies, the effects of spontaneousreactions were comparedto only
one other posing condition. In the first, Ochsmann& Henrich (1984) found
that female subjects (but not males) rated accident pictures as morefrightening and showedincreased physiological arousal whenthey exaggerated their
reactions. (In men,self-reported frightfulness did not differ, and physiological response was lower when efference was amplified.) In the second,
self-reports and autonomic responses corresponding with spontaneously
occurring facial efference to pleasant, neutral, and unpleasant slides were
compared to responses of subjects asked to display an incongruent pose
(Putnamet al 1982). Self-reported pleasantness correspondedto pleasantness
of facial efference in the unmanipulatedcondition, but decreased in the posed
condition. Skin conductance was higher for affective than neutral slides
amongthe spontaneous reactors, while heart rate accelerated more for
pleasant than unpleasant slides. Posing incongruent efference increased skin
conductanceresponses but not heart rate.
Tourangeau & Ellsworth (1979) compared the effects of congruent and
incongruent posed faces, spontaneous efference, and nonemotional poses on
self-reports and physiological responses to fearful, sad, and neutral stimulus
films. Whenwatching a neutral film, subjects posing fear reported higher
subjective fear and subjects posing sadness reported greater sadness than did
subjects in other face conditions, but the differences were not significant. For
fearful and sad films, a congruentfacial pose did not increase self-reports of
the matching emotion above the levels reported by the unmanipulated and
nonemotional-faced groups, and incongruent poses did not decrease selfreports of the filmed emotion. On the physiological measures, both fearposing and sorrow-posingsubjects showedgreater drops in heart rate than did
the nonemotional-faced group across all films, but less decrease than the
spontaneous expressers. The spontaneous expressers showedthe biggest GSR
response, the fear-posing subjects the least.
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IMPLICATIONS
FORTHE MODULATING
HYPOTHESIS
Although the original
facial feedback hypothesis wouldnot have considered voluntarily modulated
facial efference to be a theoretical equal to spontaneouslyproducedefference
(Tomkins1962, 1981; Izard 1971, 1981), manyresearchers have nevertheless
relied on manipulatedefference in an attempt to clarify whetherfacial efference can play a modulatingrole in ongoingemotional experience. In general,
in the subjective experience of emotion, it may;with only a few nonsignificant results (Laird & Crosby 1974; McCanne& Anderson 1987; Tourangeau
&Ellsworth 1979) and one contradictory effect (Putnamet al 1982),
literature suggests that intensification of a congruentfacial pattern enhances
subjective experience, while an inhibited congruent pose or the pose of an
incongruent emotionreduces subjective experience.
Exaggeration of facial efference generally increases GSRand inhibition
reduces it, regardless of valence of efference. Only four attempts have
addressedheart rate effects, with three revealing nondifferentiating increases
for any efference pattern (Tourangeau& Ellsworth 1979; Vaughan& Lanzetta 1981; Zuckerman et al 1981) and one showing no significant change
(Putnamet al 1982).
Experimental Studies of Facial Efference and Emotional
Experience: the Initiating
Function
A final and more difficult question to answeris whetherfacial efference can
initiate emotional experience in the absence of an emotional stimulus. Some
evidence relevant to this issue can be gleaned from conditions included in
studies mentionedabove, and in recent years a few attempts have been made
to focus specifically on this question. In these studies, subjects are sometimes
asked simply to pose a particular emotional face, are trained to contract
particular muscles or combinationsof muscles, or perform tasks that involve.
the facial muscles in ways approximating emotional postures.
PHYSIOLOGICAL
ANDSUBJECTIVE
EXPERIENCE
Evidence of the initiating
potential of facial efference can be found in those studies mentionedabove
whereone of the conditions involved posed efference during a neutral stimulus. (For these studies, unless otherwise noted, only trends can be ascertained
because significance levels were not reported.)
Colbyet al (1977) foundno significant effects of posing pain facial patterns
on GSRin the absence of actual shock. Whenpresented with neutral pictures,
subjects in McArthuret al’s study (1980) reported slightly higher happiness
when smiling than with a neutral face, and lower happiness whenfrowning.
In the Rutledge & Hupka study (1985), in a neutral-stimulus condition,
subjects posingjoy reported slightly higher joy (but also slightly higher anger)
than subjects with a neutral pose; whenposing anger they reported morefelt
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anger and less felt joy than neutral posers. Fear posers reported morefear, and
sadness posers more sadness, during a neutral film in the Tourangeau &
Ellsworthstudy (1979), but the differences were not statistically significant.
And, in response to a neutral slide in the Rutledge et al (1987) research,
subjects contracting forehead muscles (resemblingsurprise) reported significantly more surprise than unposedsubjects, and those posing joy (mouthup)
and fear (mouthdown)reported significantly morejoy and fear, respectively,
than unposed subjects.
Other studies have focusedspecifically on the potential initiating function
of facial posture. McCaul
et al (1982) asked subjects on different trials either
to portray fear, to portray calm, or to showtheir usual face. In a first
experiment, subjects showedhigher pulse rates and skin conductance when
they were portraying fear than for either the calm or normal expressions.
Self-reported anxiety was not affected, a result that led the researchers to
conclude that physiological changes were due to effort rather than change in
emotion. To test this, in a second experiment they added trials in which
happiness was portrayed. They also added noise as a situational manipulation
of negative affect. Subjects rated the noise as less loud while portraying
happiness (self-reported emotion was not directly assessed in this study).
Pulse rate increased under both happiness and fear portrayals, but skin
conductance did not change. The researchers believed the greater movement
involved in these expressions as comparedto calm or normal expressions
accounted for pulse changes.
In two studies, Duncan&Laird manipulatedfacial posture to differentiate
self-produced cue users from situational cue users for other purposes. In the
context of a first study on self-attribution and attitude change(1977), they
induced muscle poses of smiles, frowns, and neutral faces. Manipulated
smiles correspondedto higher and frowns to lower elation and surgency than
neutral (relaxed) efference in the presence of a neutral stimulus. A frowning
face producedhigher aggression scores than a neutral one, but smiling did not
lower aggression comparedto a neutral expression. In a later study on placebo
effects (1980), the researchers successfully replicated this effect using slides
of geometric forms as stimuli and using a group manipulation. Elationsurgencywas significantly higher on smiling than frowningtrials, and aggression was higher for frowning than for smiling trials; both smiles and frowns
producedmoodscores significantly different from those of a neutral facial
pattern.
Four studies on biofeedbacktraining as asthmatreatment also fit within the
consideration of facial efference and physiological consequences(Glaus
Kotses 1983; Harver & Kotses 1984; Kotses & Glaus 1981; Miller & Kotses
1987). This research involves relaxation or tensing of the frontalis musclein
the forehead, with dependentvariables including respiratory expiration flow
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rate, respiration rate, and heart rate. Relaxation of the frontalis muscle
producedan increase in peak expiration flow rate and tension decreased flow
rate; no changesin respiration rate or heart rate have been found. In comparison, forearm muscle tension or relaxation had no effect on any measure.
Ekman
et al (1983) used facial poses of six different emotionsand collected
five physiological measures. Facial surprise, disgust, sadness, anger, fear,
and happiness were manipulated using both directed facial action (a muscle
contraction technique similar to those used by others) and relived emotion
(resembling imagery techniques). In the posed efference condition, three
subgroups of emotions were discriminated based on physiological measures:
poses of happiness, disgust, and surprise wereassociated with low heart rate;
fear and sadness were linked with high heart rate and low skin temperature;
and anger was accompaniedby high heart rate and high skin temperature.
Forearmmuscle tension did not vary. Of importance to the facial feedback
hypothesis is the finding that autonomicchanges were more clear-cut in the
facial action condition than in the relived emotion(imagery) task.
Smith et al (1986) also used both posed and imagery-induced efference
(happy, sad, angry, and neutral) and measured skin conductance and tieart
rate. As determined by EMG
magnitudes, stronger efference patterns were
producedby voluntarily posing, but the patterns were similar to the imageryinduced patterns. They split their sample into expressive and nonexpressive
posers, The nonexpressives produced similar levels of facial activity when
happiness was posed and when it was induced by imagery, but less activity
when posing the negative emotions of sadness and anger compared to
spontaneousefference. Skin conductancedid not significantly differ by emotion whenposed. Heart rate increased over the neutral condition for all three
emotions; there was no difference in heart rate increase betweenexpressives
and nonexpressives, even though the latter showedless facial activity for
negative emotions than did expressives.
In two recent studies, subjects performedtasks involving facial musclesin
ways that approximateemotionalfacial efference patterns, and thereby allow
the experimenter to examine the effects of facial efference alone, independently of its emotional content. Strack et al (1988) using the penholding technique, noted evidenceof an effect of facial posture on self-reports
even in the absence of their cartoon stimuli. AndZajonc and colleagues (R.
B. Zajonc, S. Murphy,M. Inglehart, submitted), in the context of research on
the vascular theory of emotional efference (Zajonc 1985), compared the
subjective experience of subjects pronouncing or listening to various
phonemes,someof which involve the action of muscles that are dominantin
emotional expressions. For example, the production of the phonemee resembles the smile. Photographerselicit smiles from their subjects by requiring
themto say "cheese". The Germanphonemefi, on the other hand, has just the
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opposite action. Repeatedpronunciation of e resulted in positive subjective
reports as measuredby ratings of liking, pleasantness, and preferences for the
sound, whereas /i was judged unpleasant and was disliked, not only by
American but by Germansubjects as well.
IMPLICATIONS FOR THE INITIATING FUNCTION The evidence in this section suggests that facial efference mayplay an emotion-specificinitiating role

as well as a modulating role in the subjective experience of emotion. Some
significant results support this conclusion (Duncan &Laird 1977, 1980;
Rutledge et al 1987; Strack et al 1988; R. B. Zajonc, S. Murphy, M.
Inglehart, submitted), and trends apparent in the nonsignificant results are at
least consistent with the hypothesis (McArthuret al 1980; Rutledge &Hupka
1985; Tourangeau & Ellsworth 1979; but not McCaulet al 1982).
As in most of the research on facial efference and physiological arousal,
little autonomicdifferentiation by the particular form of efference has been
apparent. Either no significant effects on arousal are producedby efference
alone or it increases uniformly across different emotions (Colby et al 1977;
Glaus &Kotses 1983; Smith et al 1986). The exceptions are the Ekmanet al
(1983) study, and the Zajonc-Murphy-lnglehartresearch. In the first, enough
different physiological indexes were used to detect three differentiating patterns: one for happiness, disgust, and surprise, characterized by low heart
rate; one for fear and sadness, with high heart rate and low skin temperature;
and one for anger, with high heart rate and high skin temperature. In the
second, temperature of the forehead showedclear distinction betweenpositive
and negative affect, cooling being associated with pleasant states and warming with unpleasant hedonic states. Thus, temperature--unlike GSR,heart
rate, and similar autonomic indicators that do not discriminate hedonic
polarity---offers a new, important, physiological index of emotion.
SUMMARY OF THE
FEEDBACK

LITERATURE

ON FACIAL

Wehave divided our discussion of the literature of facial feedback into two
classes: that which examinesthe correlates of facial efference under conditions that elicit it spontaneously, and that in which the modulating and
initiating functions of facial ef~ference can be examinedthrough experimental
manipulation.
In the correlational literature, we drew, as Buck(1980) did in his review,
distinction betweenwithin- and between-subjectstests of association between
facial efference and emotional experience. Weargued that the former are
more pertinent to the original facial feedback hypothesis as variously pro-
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posed by Tomkins(1962), Gellhorn, (1964), and Izard (1971), and that
generally support the hypothesis. Not only does intensity of facial efference
correspondwith greater subjective emotional experience in general, but particular facial efference patterns are positively correlated with subjective experience of the same emotions. Physiological arousal does not appear to vary
differentially with the nature of the efference pattern but seemsto increase
with any increase in emotional efference.
Moreinterest has been displayed recently in the modulatingand initiating
potentials of facial efference, explored through experimentalmanipulationof
the face. The term "facial feedback hypothesis" has cometo be defined by
these functions, although the original proponents of the hypothesis disavow
this usage (Tomkins1981; Izard 1981). Althoughthe experimental evidence
is less unanimous
than the correlational data, it appearsto us that the literature
supports these versions of the hypothesis, perhaps more convincingly for
subjective experience than for physiological arousal.
It should be noted that in going from spontaneous efference to posing an
emotion, contracting muscles in an emotion-like face, or performing other
facial motor tasks, two things are likely to decrease simultaneously: the
inferences subjects can consciously makeabout their feelings from the situation and from what their faces are doing, and the closeness of the facial
efference to a spontaneous display. The first is an advantage in that it
minimizesself-perception interpretations (Laird 1974) and has the strongest
causal implications, while the secondposes a clear disadvantagein attempting
to generalize to naturally occurring facial emotionalefference. Someevidence
suggests that voluntarily posed efference patterns and spontaneous ones are
innervated through different pathways (Monrad-Krohn1924, 1939). However, comparedto spontaneousefference, posed faces tend to be quite similar
both in appearance (Borod et al 1986a, b) and EMG
patterns for each emotion
(Schwartz et al 1979) and thus, perhaps, in their feedback patterns to the
brain. Oneof the main differences betweenspontaneous and posed efference
seems to be the greater asymmetryof the latter (Ekmanet al 1981).
To the extent that voluntarily produced efference can be assumed to
adequately correspond to spontaneous emotional efference, the experimental
evidence suggests that facial efference mayplay an important causal role in
the subjective experienceof emotion.In this, other reviewersat least partially
agree. Laird (1984) concluded that these experimental studies "have demonstrated effects of varying the magnitude of expressive behavior on both
self-reports of emotionalexperience and on various measuresof physiological
arousal such as heart rate and skin conductance" (p. 910). Winton (1986)
agreed that the literature supports the modem
facial feedbackhypothesis, but
cautionedthat it only supports a "dimensional"view, in that almost all studies
compareonly one positive to one negative emotion. The exception at that time
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was the Tourangeau& Ellsworth study (1979), which in comparing the two
negatively valenced emotionsof fear and sadness failed to support a "categor?
ical" feedback hypothesis; their study was criticized, however, on both
theoretical and methodological grounds (Hager & Ekman1981; Izard 1981;
Tomkins1981). The more recent studies by Rutledge et al (1988) and Strack
et al (1988) do support a categorical version, but morestudies in this vein are
clearly called for. Finally, Matsumoto(1987) movedbeyond a conventional
review by submitting the studies reviewed by Laird (1984) to meta-analysis,
and concluded that "the meta-analytic procedures indicate that the effect of
facial manipulation on self-reported emotional experience is of moderate
value" (p. 772).
CONTEMPORARY THEORETICAL
ISSUES
FEEDBACK:
WHAT IS FED BACK?

IN

FACIAL

The empirical literature bearing on the facial feedback hypothesis strongly
suggests that facial emotionalefference is not only correlated with emotional
experience but maymodulateand initiate it. The evidence on the physiological component
of that experienceis weaker.If facial efference plays a causal
role in the subjective experience of emotion, as the empirical literature
suggests it does, it is likely to do so directly rather than by first initiating
physiological arousal that is then subjectively experienced as emotion. Perhaps the most interesting contemporarytheoretical question in this domain,
therefore, is howfacial efference mayplay a causal role in the subjective
experience of emotion.
In general, theory has lain dormanton this question since the original facial
feedback hypotheses, in which muscular proprioceptive patterns (Gellhorn
1964; Izard 1971; Tornkins 1962) and cutaneous sensation (Gellhorn 1964;
Tomkins 1980) were proposed as mechanisms. Ekman(1984) has suggested
that motor cortex directing facial muscle activity simultaneously connects
with hypothalamic areas to stimulate ANSactivity, but his modeldoes not
directly address subjective experience. Laird (1974, 1984), drawingon selfperception as a possible mechanism,does specifically focus on subjective
experience; but the most recent facial feedback studies using mechanical
manipulations of the face nowmakehis position less tenable.
Oneexception to the current dearth of theoretical progress on facial efference in the experience of emotion is a recently reclaimed theory (Zajonc
1985) that links emotional efference to vascular processes. The author of the
vascular theory of emotional efference (VTEE), Israel Waynbaum
(1907),
argued that facial movements
in general, and emotional efference in particular, have regulatory and restorative functions for the vascular system of the
head. He noted the intimate relationship between facial and cerebral blood
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flow (CBF), and suggested that facial muscular movementscontribute to the
regulation of CBFby pressing against facial veins and arteries and thus
shunting blood to the brain whenneededor diverting it awaywhenthe brain is
threatened with excess. The face, according to Waynbaum,
acts as a safety
valve for the brain, where blood supply can vary only within very narrow
limits. He also suggested that these regulatory muscular actions of the face
have subjective consequences: Changesin CBFcaused by facial motor movement are reflected as changes in feeling states. He did not disagree with
Darwin(1896) that the function of emotional facial gestures is to communicate the individual’s internal states to others, but he held that the
communicative function was secondary.
Several of Waynbaum’s
assumptions are questionable and others are wrong
(Burdett 1985; Fridlund & Gilbert 1985; Izard 1985; Zajonc 1986). For
instance, arterial flow is unlikely to be muchaffected by muscular action of
the face. Furthermore, arterial blood flow is under the control of so many
other central factors that peripheral action could only have negligible direct
effects. Facial muscles, however,can affect venous flow. Regardless of the
particular physiological processes that maybe involved, it is both plausible
and theoretically important that facial efferents mayhave direct regulatory
functions and subjective consequences. If true, VTEEorganizes diverse
findings such as biofeedback, placebo effects, unconscious preferences and
aversions, growth of preference with repeated exposure, empathy,etc (Zajonc
1986). The particular neurophysiological and neurochemicalprocesses are yet
to be specified by empirical investigations. Useful speculations about such
processes that would guide future research, however, can be made.
A testable hypothesis that follows from VTEEis that facial efferents can
producechangesin brain blood temperaturewhich, in turn, can facilitate and
inhibit the release and synthesis of a variety of neurotransmitters. Thus, if a
certain facial muscleaction changesthe temperature in a brain region where
serotonin is released, for example, then the resulting serotonin regulation
might cause the individual to experience joyful or depressive affect. Not all
neurochemicalsthat have subjective effects are region specific. Peptides, for
example,are found in profusion throughout the entire brain, and a change in
temperaturemight changethe threshold of the enzymaticactions that release
them. R. B. Zajonc, Sheila Murphy, and Marita Inglehart (submitted)
observed systematic correlations betweenchanges in temperature and hedonic
tone as simultaneousreactions to uttering various phonemes.They explained
the results by assumingthat the productionof various phonemesmayfacilitate
or impair the air cooling of the venousblood that enters the cavernoussinus.
Thelatter is a venousstructure that cools arterial bloodas it enters the brain.
In an experiment which subjects thought involved the psychophysics of
olfaction, cool (19° C) and warm(32° C) air was introduced into subjects’
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nostrils and ratings of the odors were collected. On sometrials no odor was
present, yet subjects rated cool air as decidedly pleasant and warmair as
decidedly unpleasant. To be sure, the conjecture that brain temperature
changes can influence the release and synthesis of neurohormones and
neuroenzymesassociated with subjective emotional states still needs empirical documentation.
CONCLUSIONS
1. There are no sufficient groundsthus far to reject any theory of the role
of facial efference in the experience of emotion. The neglected early theories
based on the sensory process have a great deal to offer given that emotional
experience dependsheavily on sensory input and its derivatives; the neuroanatomical connections and processes indicate a powerful role of the sensory
process in emotion (LeDoux1987). Hence, the work of Piderit and Gratiolet
deserves greater attention in contemporaryresearch. In addition, there is no
conflict amongthe sensory theories of emotional efference, Darwin’s evolutionary perspective on efference, and the facial feedbackhypotheses. Clearly,
nothing prevents a facial emotional action from depending on a peripheral
process that is allied to sensation, having adaptive communicativevalue, and
also arousing in the actor the subjective experience of emotion.
2. The correlational evidence reviewed here clearly indicates a positive
association between facial efference and emotional experience within subjects, particularly for the subjective componentof emotion, in support of the
facial feedbackhypothesis. Intensity of facial efference of a specific emotion
corresponds with increasing subjective experience of the same emotion.
3. Althoughthe experimental evidence on facial feedback is less conclusive than the correlational literature, it tends to supportthe notion that facial
efference plays not only a modulatingfunction but an initiating function in the
experience of emotion, particularly for subjective experience. Someinitial
evidence suggests that facial efference maycausally differentiate not only
positive from negative subjective experience, but mayproduce emotionspecific effects. Moreresearch comparingfacial efference patterns for two or
more emotions of the same valence is needed.
4. The facial feedback hypothesis does not explain why some facial
actions "feel" good and others "feel" unpleasant. There is somepromise in
this respect from the vascular theory of emotional efference, whichattributes
changesin subjective hedonic states to changesin neurochemistryof the brain
caused by changes in temperature reaching the hypothalamus via the
cavernoussinus. If facial action can influence the thermoregulatoryaction of
the cavernous sinus it might thereby influence the release and synthesis of
somepeptides and neurotransmitters that are highly temperature dependent
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and have been found to produce hedonic changes.
The most significant
finding here is that for the first
time a physiological
indicator,
forehead
temperature,
has been found to discriminate
reliably
between positive
and
negative affect.
5. The mounting evidence that facial
efference
under some conditions
may modulate or even initiate
subjective emotional experience suggests that a
theoretical
position that clings to the term "expression"
misrepresents
the
complex and varied roles of the face in the experience
of emotion.
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