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Neuropsychological Aspects of Facial Asymmetry During Emotional 
Expression: A Review of the Normal Adult Literature 1 

Joan  C. Borod,  2,3 Cornel ia  Santsch i  Haywood,  4 and El issa  Koff  5 

This review focuses on facial asymmetries during emotional expression. Facial asymmetry is 
defined as the expression intensity or muscular involvement on one side of the face ("hemi- 
face") relative to the other side and has been used as a behavioral index of hemispheric 
specialization for facial emotional expression. This paper presents a history of the neuro- 
psychological study of facial asymmetry, originating with Darwin. Both quantitative and quali- 
tative aspects of asymmetry are addressed. Next, neuroanatomical bases for facial expression 
are elucidated, separately for posed/voluntary and spontaneous/involuntary elicitation condi- 
tions. This is followed by a comprehensive review of 49 experiments of facial asymmetry in 
the adult literature, oriented around emotional valence (pleasantness/unpleasantness), elici- 
tation condition, facial part, social display rules, and demographic factors. Results of this 
review indicate that the left hemiface is more involved than the right hemiface in the ex- 
pression of facial emotion. From a neuropsychological perspective, these findings implicate 
the right cerebral hemisphere as dominant for the facial expression of emotion. In spite of 
the compelling evidence for right-hemispheric specialization, some data point to the possi- 
bility of differential hemispheric involvement as a function of emotional valence. 

KEY WORDS: Facial asymmetry; lateralization for emotion; neuroanatomy of facial expression; emotion; 
valence; posed and spontaneous expression; gender. 

INTRODUCTION 

The human face is not always symmetrical with 
respect to the vertical midline; observation has re- 
vealed asymmetries in the resting face, as well as 
while emoting or speaking. This paper  focuses on fa- 
cial asymmetries during emotional expression. Facial 
asymmetry is defined as the expression intensity or 
muscu la r  invo lvement  on  one  side of  the face 
("hemiface") relative to the other side. Based on the 
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knowledge that the lower two-thirds of the face is 
predominantly innervated by the contralateral cere- 
bral hemisphere, facial asymmetry has been used as 
a behavioral index of hemispheric specialization for 
facial expression. 

Over the past two decades, numerous experi- 
ments have addressed various aspects of facial asym- 
metry during emotional  expression. In addition, a 
number  of reviews have a t tempted to systematize 
and synthesize the findings (e.g., Campbell, 1986; 
Skinner and Mullen, 1991; Thompson,  1985). The 
purpose of the current paper  is to expand the scope 
of previous summaries, as well as our own reviews 
(Borod, 1993; Borod and Koff, 1984), by presenting 
a more detailed description of  these studies, with a 
focus on methodological issues. Such an analysis, we 
believe, could be of great use both conceptually and 
pragmatically to investigators studying facial asym- 
metry. Toward this end, we will be presenting a com- 
prehensive description of 49 experiments of  facial 
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asymmetry in the adult literature, organized in tabu- 
lar form for ease of review. 

This review is oriented around a number of im- 
portant neuropsychological distinctions, as follows. 
Emotional valence, or the pleasantness/unpleasantness 
of an emotional expression, is evaluated because of its 
centrality for contemporary neuropsychological theo- 
ries regarding hemispheric specialization for emotion 
(e.g., valence hypothesis, right-hemisphere hypothesis). 
Elicitation condition refers to whether an emotional ex- 
pression was deliberately produced (i.e., posed) or 
spontaneously/involuntarily elicited, and is examined 
because of speculation that the two types of expression 
are mediated by different neuroanatomical systems. 
For similar purposes, expressions are separated ac- 
cording to face part, that is, whether the lower (bot- 
tom) part of the face or whole face was analyzed for 
facial asymmetry. Finally, demographic variables, such 
as gender and handedness, are described because they 
are known to affect brain/behavior organization. 

BACKGROUND AND HISTORY 

The face is widely recognized as a critical organ 
for communicat ion and emotional  experience. 
Among the mammals, the human being has the most 
extensively developed facial musculature and is heav- 
ily dependent on facial behavior to facilitate social 
interaction (e.g., Roberts, 1966). Anatomists, paint- 
ers, and actors preceded psychologists in the study 
of facial expression. A 19th-century anatomist, Sir 
Charles Bell, was one of the first to comment on the 
importance of facial anatomy and musculature for 
the painter and the actor (Woodworth and Schlos- 
berg, 1954). Further scientific attention followed, and 
by the end of the 1800s, Charles Darwin (1890) had 
defined the fundamental emotions as laughter, sur- 
prise, fear, rage, crying, and disgust; described facial 
expressions associated with each emotion; and char- 
acterized these emotional expressions as functional 
products of evolution. 

Quantitative Asymmetries 

Darwin appears to have been the first to de- 
scribe the phenomenon of facial asymmetry during 
emotional expression. His 1872 discussion of "Sneer- 
ing and Defiance" (Darwin, 1890) contains the first 
documented assessment of the quantitative aspect of 

facial asymmetry. Based on reports that Australian 
natives, when angry, drew the upper lip to one side, 
Darwin asked four subjects to uncover the canine 
tooth on one side of the face as in sneering. "livo 
exposed the canine on the left side and one on the 
right side; the fourth showed no asymmetry. This dis- 
tribution, albeit based on a very small sample, fore- 
shadowed the findings in the literature over 100 years 
later. 

Sixty years after Darwin, Lynn and Lynn (1938, 
1943) conducted the first extensive quantitative study 
of facial asymmetry during emotional expression and 
introduced the term "facedness" to denote the rela- 
tive extent of muscular movement on the two sides 
of the face. With their invention, the facial cin6re- 
corder (Lynn, 1940), the Lynns measured facedness 
during spontaneous smiling and laughter and found 
the majority of their subjects to show no asymmetry. 
Fewer, but equal numbers of, subjects were found to 
be right- and left-faced. Interestingly, the focus of the 
Lynn's work was not on the phenomenon of asym- 
metry but on the relationship between facedness and 
personality traits. 

In the 1970s, this quantitative aspect of facial 
asymmetry began to be studied more systematically. 
Our own research in this area began in the early 
1970s and was stimulated by anecdotal observations 
of asymmetries during facial emotional expression. 
More specifically, we (Borod and Caron, 1976) no- 
ticed that one hemiface, relative to the other hemi- 
face, often appears more intense and moves more 
extensively. In our first study (Borod and Caron, 
1979, 1980), we sought to determine which hemiface 
was more involved during posed emotional expres- 
sion. At that time, we put forth two different predic- 
tions regarding the direction of facial asymmetry. 
The first hypothesis was derived from the lateral 
dominance literature and proposed that facedness 
represented another lateralized motoric function like 
handedness and footedness, which might be control- 
led by the dominant cerebral hemisphere. Thus, fa- 
cial expression would be right-sided for right-handers 
and left-sided for left-handers. The second hypothe- 
sis emanated from the emotional processing litera- 
ture available in the early 1970s (Gainotti, 1972; 
Gardner, 1975; Heilman et al., 1975) and proposed 
that the facial expression of emotion might be me- 
diated by the fight hemisphere. Thus, facial expres- 
sion would be left-sided in right-handers, but not 
necessarily predictable in left-handers. 
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Almost simultaneously, in addition to our work, 
five other groups of investigators in North America, 
Europe, and India (Campbell, 1978; Chaurasia and 
Goswami, 1975; Moscovitch and Olds, 1979, Sackeim 
and Gur, 1978; Strauss and Kaplan, 1979) conducted 
studies of facial asymmetry during emotional expres- 
sion in normal adults. What was striking about all of 
these studies, as well as our own, was the consensus 
that the left side of the face (or "hemiface") was 
more active than the right side of the face during 
emotional expression, regardless of methodology 
used to assess the asymmetry (i.e., composite photos, 
slow motion videotape, naturalistic observations). 
Since the lower portion of the face is predominantly 
innervated by the contralateral hemisphere (Borod 
and Koff, 1984; Rinn, 1984), the finding of greater 
left than right hemiface activity was interpreted as 
reflecting right cerebral dominance for facial emo- 
tional expression. 

The study of facial asymmetry was quickly rec- 
ognized to have important implications for neurop- 
sychology and behavioral neurology, to provide a way 
to more directly study hemisphere specialization for 
expression in the normal subject, and to offer a win- 
dow into brain/behavior relationships for emotional 
expression. 

Qualitative Asymmetries 

The study of facial asymmetry for emotional 
quality was pioneered by Hallervorden in 1902 (Hal- 
lervorden, 1902). (See Gtintiirkiin, 1991, for a review 
of morphological body asymmetries that predated 
and influenced Hallervorden's work.) Hallervorden 
developed the composite photograph technique by 
taking a photograph of the whole face, creating an 
original and mirror-reversed print, bisecting each 
print at the vertical midline (by using the midpoint 
between the eyes, nose, upper lip, and chin), and 
joining the two right hemifaces and the two left 
hemifaces into separate composite photos (i.e., right- 
right and left-left composites). As noted by Borod 
(1993), Hallervorden, whose papers were written in 
German, described the right hemiface as "appercep- 
tive, thinking capably, lucid, sensible, .... energetic and 
active," and the left hemiface as "perceptive, affec- 
tive, having dark unformed content, and direction- 
less" (1902, 1929). This work was continued by Wolff 
(1933, 1943), who proposed that the right hemiface 
projects a vital sociable facade, whereas the left 

hemiface reveals one's passive unconscious serf. Re- 
cent observations of epilepsy patients during unilat- 
eral amobarbital injections (i.e., Wada Test) provide 
evidence that social emotions (e.g., affection) appear 
to be mediated by the left hemisphere and primary 
emotions (e.g., happiness) by the right hemisphere 
(Ross et al., 1994). 

These observations regarding qualitative asym- 
mettles are of interest as they parallel one of the con- 
temporary  emot ion  theor ies  (i.e., the motor ic  
direction hypothesis), which posits that the left hemi- 
sphere (right hemiface) mediates "positive/approach" 
emotions and that the right hemisphere (left hemi- 
face) mediates  "negat ive/withdrawal" emot ions  
(Davidson, 1984; Davidson et aL, 1990; Fox, 1991; 
Kinsboume, 1982; Kinsbourne and Bemporad, 1984). 
The approach/withdrawal distinction rests on the bio- 
logical notion (Schnierla, 1959) that organisms have 
two basic choices of action in response to a stimu- 
lus- they can approach or they can stop and with- 
draw. Withdrawal/avoidance emotions are linked with 
the involvement of the right hemisphere in arousal, 
habituation, and undifferentiated automatic move- 
ment, whereas approach behaviors are linked with 
specialization of the left hemisphere for activation, fo- 
cal attention, fine motor control, and sequentially exe- 
cuted movement (Borod, 1992; Davidson et aL, 1990; 
Tucker and Williamson, 1984). The approach/with- 
drawal distinction is further based on Sokolov's no- 
tion of the orientation response (e.g., Rozhe et al., 
1960); for discussions of this issue, see Kinsboume 
and Bemporad, 1984, and Tucker and Williamson, 
1984. 

Contemporary laterality studies examining facial 
emotional qualities have confirmed the original ob- 
servations of Hallervorden and Wolff that the two 
sides of the resting face reflect different qualities 
(e.g., Karch and Grant, 1978; Kowner, 1995; Lindzey 
et al., 1952; Rappeport and Friendly, 1978; Seinen 
and Van Der Werff, 1969; Stringer and May, 1981; 
cf. Sackeim et al., 1984). However, no consensus has 
emerged on the specific emotions associated with 
each hemiface and its contralateral hemisphere. 

Nonemotional Asymmetries 

Facial asymmetry during nonemotional unilat- 
eral facial movement appears to have been first stud- 
ied by Chaurasia and Goswami in 1975. Examples of 
nonemotional unilateral facial movement are "clos- 
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ing one eye" (upper face movement) and "pulling the 
mouth out to the side" (lower face movement). In 
the literature concerning nonemotional facial activ- 
ity, the lower part of the face appears to be more 
facile or mobile on the left side in normal right- 
handed adults (Borod and Koff, 1983; Campbell, 
1982; Chaurasi and Goswami, 1975; Ekman et al., 
1981; Koff et al., 1981), whereas the upper part of 
the face appears to show no consistent asymmetries. 
Some findings for the upper face are left-sided 
(Chaurasia and Goswami, 1975; Moscovitch and 
Olds, 1982), some are right-sided (Alford and Alford, 
1981), and some show no differences (R. Alford, per- 
sonal communication, March 3, 1982; Borod and 
Koff, 1983; Koff et aL, 1981). 

EXPRESSION ELICITATION CONDITION 

In the neuropsychological study of emotional ex- 
pression, there is an important distinction drawn be- 
tween posed and spontaneous expression (Borod and 
Koff, 1984; Rinn, 1984). Movements that are delib- 
erately intended by or requested of an individual are 
classified as posed or voluntary movements, while 
movements that arise as part of an instinctual reac- 
tion to an appropriately evocative emotional stimulus 
are classified as spontaneous or involuntary move- 
ments (Myers, 1976). This distinction grew out of the 
clinical neurological literature, which has long docu- 
mented a behavioral dissociation between voluntary 
and spontaneous movement, wherein impairment of 
one type of movement and preservation of the other 
is not uncommon. Researchers in other areas of psy- 
chology, most notably social psychology (Allport, 
1961; Goffman, 1958), also have found it useful to 
treat the voluntary and spontaneous dimensions of 
communication as separate. 

NEUROANATOMY 

The distinctions between posed and spontane- 
ous behavior have been interpreted as reflecting dif- 
ferent and independent neuroanatomical pathways 
(Kahn, 1964; ~chiassny, 1953), and different mecha- 
nisms of control have been suggested for the two be- 
haviors (Borod and Koff, 1984, 1991). Voluntary 
(posed) behavior is believed to be contralaterally in- 
nervated by cortical structures through the monosy- 
naptic connections within the pyramidal system, 

whereas involuntary (spontaneous) behavior is pre- 
sumed to be bilaterally innervated by subcortical 
structures through the multisynaptic extrapyramidal 
system. The most important concern for neuropsy- 
chologists regarding the two modes of facial expres- 
sion is whether facial innervation is contralateral, 
ipsilateral, or bilateral. 

The following section of this paper delineates 
the neuroanatomical basis of facial asymmetry, sepa- 
rately for posed and spontaneous expression. For a 
more extensive review of the literature and a more 
detailed discussion of this topic, see Borod and Koff 
(1984). 

Posed Expression 

The facial communication channel lends itself 
well to behavioral laterality paradigms, and thus to 
the study of emotional expression. The study of 
posed expression has been based on the assumption 
that the face is contralaterally controlled by neocor- 
tical structures. This is not entirely the case, however. 
For the muscles of the upper portion of the face (i.e., 
forehead, upper eyelid), there is strong evidence for 
substantial bilateral projections from the precentral 
gyrus of the motor cortex. For the muscles of the 
lower portion of the face (i.e., lower eyelid, nose, 
cheeks, lips, neck), there is good evidence for con- 
tralateral projections (e.g., DeJong, 1979). Some 
anatomists maintain that control of the lower face is 
strictly contralateral (e.g., Chusid and McDonald, 
1976; Diamond and Frew, 1979). Others suggest that 
control is predominantly contralateral (e.g., DeJong, 
1979; Kuypers, 1958), which is consistent with clinical 
observations (e.g., Geschwind, 1979; Van Gelder and 
Van Gelder, 1990) that unilateral lesions of the mo- 
tor face region do not always produce weakness or 
paralysis in the contralateral hemiface. Such obser- 
vations suggest that there must be some additional 
ipsilateral innervation and that innervation of the 
system for voluntary facial expression may be analo- 
gous to that for auditory and visual perception. 

Spontaneous Expression 

For spontaneous emotional  expression, the 
neuroanatomy is more complex than that for posed 
expression. Posed facial expression appears, for the 
most part, to be mediated by cortical structures that 
innervate the upper face bilaterally and the lower 
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face contralaterally. While spontaneous expression is 
believed to be controlled by subcortical structures 
(e.g., thalamus and globus pallidus) that innervate 
the face bilaterally (Crosby and De Jonge, 1963; De 
Jong, 1979; Diamond and Frew, 1979; Miehlke, 
1973), the possibili t ies of cortical involvement 
(Damasio and Maurer, 1978) and unilateral innerva- 
tion (Dyken and Miller, 1980) also have been sug- 
gested. Further, there is no agreement about whether 
pathways for spontaneous expression are crossed or 
uncrossed and how they distribute to the portions of 
the facial nucleus that innervate the upper and lower 
face (Borod and Koff, 1984, 1991; Van Gelder and 
Van Gelder, 1990). In fact, it has been noted (Borod, 
1992) that several studies that examined facial asym- 
metry during posed and spontaneous facial expres- 
sion in normal (Borod, Koff, and White, 1983; 
Dopson et al., 1984; Hager and Ekman, 1985 [for 
negative emotions]) and brain-damaged (Borod and 
Koff, 1991) subjects found no differences in direction 
and degree of facial asymmetry between the two con- 
ditions. 

REVIEW OF THE FACIAL ASYMMETRY 
LITERATURE 

Our review of the literature pertaining to facial 
asymmetry during emotional expression identified 35 
relevant sources--journal articles, conference pres- 
entations, and doctoral dissertations. We examined 
their contents and broke them down according to 
whether they considered posed or spontaneous emo- 
tional expression. Because posed and spontaneous 
expression cannot be examined simultaneously, we 
conceptualized research involving one or the other 
as separate experiments. Using this guideline, the 35 
sources yielded 49 experiments, 26 dealing with 
posed facial expression (16 whole face, 10 lower face) 
and 23 dealing with spontaneous facial expression 
(13 whole face, 10 lower face) in normal adult sub- 
jects. In light of the neuroanatomical literature sug- 
gesting that the upper face is bilaterally innervated, 
only studies examining the lower or whole face have 
been included. 

Description of Tables 

To aid the reader in organizing the literature on 
posed and spontaneous facial expressions, four tables 

are presented, which break experiments down by the 
posed whole face (Table I), posed lower face (Table 
II), spontaneous whole face (Table III), and sponta- 
neous lower face (Table IV). These 49 experiments 
are further broken down into 82 observations involv- 
ing either positive or negative emotion. The tables 
describe each of the 49 experiments referred to 
above with respect to posers, elicitation procedures, 
individual emotions, raters, rating procedures, and 
asymmetry results. All posers are adults and presum- 
ably normal. For posers and for raters, data are pro- 
vided in terms of number, gender, and handedness 
(right or left), if available. 

For each experiment, the number of discrete 
emotions is provided (if available), and the emotions 
are categorized by valence (i.e., positive/pleasant or 
negative/unpleasant) so that the results can be exam- 
ined in terms of the two primary neuropsychological 
theories of emotional lateralization (i.e., right-hemi- 
sphere and valence hypotheses). In terms of valence, 
for posed facial expression, positive emotions refer 
to pleasantly toned emotions (e.g., happiness and ex- 
citement), and negative emotions refer to unpleas- 
antly toned emotions (e.g., sadness and disgust). For 
spontaneous expression, positive emotions are elic- 
ited through visual stimulation (e.g., viewing an en- 
tertaining film) or auditory stimulation (e.g., a joke 
or funny question from the examiner); negative emo- 
tions, similarly, are elicited visually (e.g., viewing 
slides depicting surgical procedures) or auditorially 
(e.g., being yelled at by the examiner). 

Both elicitation and rating procedures are de- 
scribed. For posed expression elicitation, detailed in- 
structions given to the subject/poser by the examiner 
are included, using the authors' words whenever pos- 
sible. In most instances, the instructions are self-ex- 
planatory. The term "oral command" refers to a 
request by the examiner that the subject pose a spe- 
cific emotion at a particular point in time; the term 
"visual imitation" refers to a request by the examiner 
for the subject to produce the same emotion as that 
portrayed by a visual model. For spontaneous expres- 
sion elicitation, the detailed procedures for evoking 
emotional expressions in the poser are presented. 

Rating techniques employed to assess facial 
asymmetry for the emotional expressions produced 
by posers include descriptions of the medium and the 
measure. In regard to "medium," two types of infor- 
mation are conveyed. First, the physical technique 
used to register the facial expression is indicated (i.e., 
video, photo, or live). Unless qualified with the word 
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"still," "video" refers to expression in motion. Sec- 
ond, the type of facial display is indicated (i.e., whole 
face or composite [bisected at the vertical midline]). 
If composite facial displays were employed, they are 
specified as either congruent (i.e., same type of ex- 
pression on both sides of the composite) or incon- 
gruent (e.g., left hemiface sad and right hemiface 
neutral). In regard to "measure", the technique used 
to evaluate the actual facial asymmetry (i.e., the de- 
pendent variable) is described. Three basic measure- 
ment techniques are widely used: (a) intensity (also 
called expressivity and emotionality); (b) accuracy; 
and (c) muscular involvement (also termed move- 
ment, displacement, depth, and deviation). Other 
techniques include the use of quantifiable muscle ac- 
tion units (i.e., "FACS" developed by Ekman and Fri- 
esen, 1978, and "Max" developed by Izard, 1983) and 
electromyography (mostly on the zygomatic muscle) 
to evaluate the direction and degree of muscular 
movement. In addition, posers sometimes are asked 
to report their emotional experiences while produc- 
ing unilateral facial movements. 

One frequently used technique involves whole- 
face ratings from videotaped facial expressions 
(Borod and Caron, 1980). Slow motion replay is used 
to locate the film frame containing maximum or peak 
expression. Typically, this procedure is carried out by 
an experimenter and a naive observer (not a rater). 
Consensus regarding the peak frame is required. 
Raters are naive about experimental hypotheses and 
poser characteristics, and are trained for interrater 
reliability. Facial asymmetry is typically defined as 
the extent of muscular involvement or intensity on 
one hemiface relative to the other (e.g., Borod et al., 
1981). A 15-point Likert scale is often used, ranging 
from a score of -7 (extreme left-sided) to a score of 
+7 (extreme right-sided), with the midpoint score of 
0 indicating symmetry. Videotaped stills also have 
been used to examine hemifaces, and composites 
have been created from photographed stills. In such 
studies, the hemiface or composite is rated for inten- 
sity, for example, on a 7-point scale from minimal (a 
score of 1) to maximal (a score of 7) muscular in- 
volvement. To obtain an index of facial asymmetry, 
scores for right hemifaces or right-right composites 
are compared to scores for the left hemifaces or left- 
left composites. For a more extensive description of 
these types of techniques and for visual examples of 
facial asymmetry, see Borod and Koff (1990). 

Finally, the last column of each table summa- 
rizes the results from each experiment, separately for 

positive and negative emotions. Results for the 82 
observations are based on group means; include sig- 
nificant findings (p < .05) and two trends (p < .10); 
and are denoted by "E' (left-sided asymmetry), "R" 
(right-sided asymmetry), or "an equal sign" (no dif- 
ference between left and right hemifaces). We will 
now turn to our analyses of the results of the obser- 
vations presented in Tables I-IV. 

Analyses 

Emotional Valence 

Results are considered in terms of emotional va- 
lence (i.e., pleasantness level) to ascertain whether 
the right hemisphere or the valence hypothesis is 
more strongly supported by the facial asymmetry 
data. The right hemisphere hypothesis maintains that 
the right hemisphere is specialized for all emotions, 
regardless of valence (e.g., Borod, Koff, and Caron, 
1983; Silberman and Weingartner, 1986). The va- 
lence hypothesis, in contrast, holds that the right 
hemisphere is specialized for negative/unpleasant 
emotions and the left hemisphere for positive/pleas- 
ant ones (e.g., Davidson, 1984; Fox, 1991). Negative 
emotions include, for example, sadness, anger, fear, 
and disgust. Positive emotions include, for example, 
happiness, pleasant surprise, interest, and excite- 
ment. If the right hemisphere hypothesis is operative, 
then emotional expressions, regardless of type (i.e., 
valence), should be expressed more intensely on the 
left than right hemiface. On the other hand, if the 
valence hypothesis is operative, negative emotions 
should be expressed more strongly on the left hemi- 
face and positive emotions should be expressed more 
strongly on the right hemiface. 

To determine the direction of facial asymmetry 
in the 82 observations described in Tables I-IV, we 
examined the quantitative data presented by the 
authors and then classified the data as showing over- 
all left-sided, right-sided, or no asymmetry of expres- 
sion intensity or extent of movement. In all but 3 
cases, when a finding was categorized as asymmetri- 
cal, it was significant at the .05 level. Two of the three 
exceptions reported trends (p < .10) (Campbell [Exp. 
2, 1978]; Wemple et al. [Condition 2, 1986]), and one 
presented qualitative data (Mandal and Singh, 1990). 
To deal with situations in which different phases of 
the expression were analyzed, we included only the 
data referring to the peak or apex of the expression. 
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We restricted our  focus to those emotional expres- 
sions generally agreed upon to be positive or nega- 
tive. Thus, expressions, such as surprise, startle, and 
indifference/neutral, were not included. In terms of 
the gender of the posers, the data for males and fe- 
males were combined unless significant differences 
were  unambiguous .  In regard to poser  and ra ter  
handedness ,  we focused on right-handers.  We in- 
cluded data from left-handers only if their data did 
not differ significantly from the data for right-han- 
ders. Only those observations made by normal adult 
raters were included. The  results of these examina- 
tions are presented in Table V separately as a func- 
t ion of emot iona l  va lence  (positive vs. negative),  
elicitation condition (posed vs. spontaneous), and fa- 
cial part  (whole vs. lower). 

In general, as displayed in Table V, the left hemi- 
face is judged as more  intense/expressive and as mov- 
ing more extensively than the right hemiface. This 
was the case for all individual comparisons, with the 
exception of positive lower face studies. The bino- 
mial test was used for statistical comparisons of left- 
s ided  vs. r i g h t - s i d e d  a s y m m e t r i e s .  (The  e q u a l  
category was not included in these analyses.) For 
negative emotions, across condition and face part, ex- 

pressions were left-sided, reflected by three signifi- 
cant findings. For positive emotions, the frequency 
of left-sided expressions was lower, and only one of 
four  findings was significant (i.e., posi t ive posed 
whole). 

Elicitation Condition 

Facial asymmetry results were next examined to 
de te rmine  whe ther  express ions  p roduced  dur ing 
spontaneous conditions were less lateralized (i.e., less 
asymmetrical), presumably reflecting more  bilateral 
innervation, than those produced during posed con- 
ditions. In light of the differences as a function of 
valence reported above, findings for condition were 
considered separately for positive and negative emo- 
tions. If condition effects are present,  one would ex- 
pect more  asymmetrical  expressions in the posed 
condition than in the spontaneous condition. Four 
separate posed vs. spontaneous  comparisons were 
conducted: lower face positive, lower face negative, 
whole face positive, and whole face negative. Con- 
tingency tables were constructed, combining "equal" 
and "right" categories, and Fisher exact probability 

Table V. Number of Observations (N = 82) in Which a Hemiface is More Intense or Moves 
More Extensively on the Left or Right Side or in Which the Hemifaces Show No Asymmetry a 

p Value for 
Facial Asymmetr3P Binomial Test c 

Elicitation 
Valence Condition Face Part Left Equal Right Individual Total 

Negative Posed Whole 8 3 0 .004 
Lower 6 3 0 .016 

W + L  14 6 0 

Spontaneous Whole 7 4 0 .008 
Lower 3 1 0 na 

Positive Posed 

W + L  10 5 0 

Whole 11 2 0 
Lower 3 7 3 

<.006 
.656 

W + L  14 9 3 

Spontaneous Whole 5 4 1 .109 
Lower 5 3 3 .363 

<.001 

<.001 

.006 

W + L 10 7 4 .090 

aw = whole face. L = lower face. na = No analysis; too few data for statistics. 
bObservations classified in "Left" or "Right" categories had significant findings (p < .05) in all but 
three cases. 

cComparison between frequencies for left-sided versus right-sided facial asymmetries; the "Equal" 
category was excluded from these analyses. 
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tests were applied. As can be seen in Table VI, the 
distributions between posed and spontaneous condi- 
tions were remarkably similar, and none of the four 
analyses yielded significant results. 

Social Display Rules 

Finally, findings were analyzed in terms of social 
display rules (Ekman and Friesen, 1969; Tucker, 
1986), in light of suggestions that asymmetries are 
more likely to occur in the presence of an observer 
(or videocamera) and when an individual is aware 
that he or she is being observed (or videotaped; 
Buck, 1984; Hager and Ekrnan, 1985; Wemple et al., 
1986). For these analyses, only the data from the 
spontaneous condition were examined because this 
is the condition in which display rules would be rele- 
vant. Accordingly, the 36 observations including a 
spontaneous condition were classified according to 
two methodological criteria: (1) the subject was re- 
ported to be alone when facial expressions were elic- 
ited, and (2) the camera (or observer) was reported 
to be concealed. (Although we had also planned to 
determine whether subjects were aware that facial 
expression was the object of study, this information 
was not available in some of the studies reviewed.) 
If neither criterion was met (Category A--"Maximal 
Display Rules"), social display rules were most likely 
to operate; if both criteria were met (Category C-- 
"Minimal Display Rules"), the operation of social dis- 
play rules should be minimized. When one or the 
other methodological criterion prevailed, social dis- 

play rules might be operative (Category B--"Inter- 
mediate Display Rules"). 

After sorting the experiments into categories A, 
B, and C, they were examined for direction (left vs. 
equal vs. right) of asymmetries and for presence (yes 
vs. no) of facial asymmetries in general. As can be 
seen in Table VII, categories A and C (which should 
have displayed the most disparate results) had virtu- 
ally identical distributions. When chi square tests 
were conducted on the data presented in "Ihble VII, 
no significant findings emerged for either direction 
(Z 2 = 0.07, df = 1, p > .700) or presence (Z 2 = 0.01, 
df = 1, p > .900) of asymmetries. (Note that it was 
necessary to collapse across categories due to small 
cell frequencies.) In addition, the distributions for 
the 36 spontaneous observations were separately 
evaluated by face part and by emotional valence, i.e., 
negative whole face, positive whole face, negative 
lower face, and positive lower face. The pattern of 
findings for direction and presence of facial asymme- 
tries did not vary across these four conditions. 

The data from Table VII lend themselves to an- 
other type of analysis concerning the presence or ab- 
sence of lef t -s ided asymmet r ies .  It has been 
suggested in several studies that left-sided facial ex- 
pressions occur more frequently when subjects are 
embarrassed (Libby and Yakovlevich, 1973), self-con- 
scious (Rinn, 1984), shy and insecure (Lynn and 
Lynn, 1938), or concealing feelings (Alford, 1983). To 
examine this issue, the data in Table VII were recast 
into presence ("yes") or absence ("no") of left-sided 
facial asymmetries. While the intermediate category 
showed relatively fewer left-sided asymmetries, there 
were no significant differences between this category 

Table VI. Comparison of Facial Asymmetry Distributions Between Posed and Spontaneous Observations as 
a Function of Face Part and Valence 

Facial Asymmetries 
Elicitation 

Face Part Valence Condition Left Equal Right p Value a 

Lower Positive Posed 3 7 3 n ~  
Spontaneous 5 3 3 

Negative Posed 6 3 0 ns b 
Spontaneous 3 1 0 

Whole Positive Posed 11 2 0 ns b 
Spontaneous 5 4 1 

Negative Posed 8 3 0 ns b 
Spontaneous 7 4 0 

"Comparison of distributions involving left, equal, and fight asymmetry categories. Contingency tables were 
constructed by combining "Equal" and "Right" categories, and Fisher tests of exact probability were con- 
ducted. 

bns: Nonsignificant. 
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Table VII. Number of the 36 Observations in the Spontaneous Condition Showing Facial Asymmetries 
with Respect to Social Display Rules Across Valence and Face Part 

Presence of 
Direction of Presence of Left-Sided 

Display Rules Asymmetries Asymmetries Asymmetries 

Category Operating? Left Equal Right Yes a No Yes No b 

A Yes 9 6 1 10 6 9 7 
B Somewhat c 4 2 2 6 2 4 4 
C No 7 4 1 8 4 7 5 

a"Left" and "Right" categories combined. 
b"Equal" and "Right" categories combined. 
c"Yes" for one of the two criteria (subject alone; camera/observer concealed). 

and the other two nor between the most conceptually 
disparate categories (i.e., A vs. C). 

Discussion 

This review of 82 observations culled from 35 dif- 
ferent sources suggests that the left hemiface (which 
presumably has greater connectivity to the right cere- 
bral hemisphere) is more involved than the right 
hemiface during the facial expression of emotion. 
This was generally the case regardless of facial part, 
elicitation condition, and the operation of social dis- 
play rules. It also appeared that left-sided facial asym- 
metries were more frequent for negative than for 
positive emotions and that equal and right-sided facial 
asymmetries were more frequent for positive than for 
negative emotions. The results of this review are gen- 
erally consistent with earlier reviews (Borod and Koff, 
1984; Borod and Van Gelder, 1990; Campbell, 1986; 
Hager, 1982; Rinn, 1984; Sackeim and Gur, 1983) and 
with the results of a meta-analysis of the facial asym- 
metry literature (Skinner and Mullen, 1991). 

In terms of the theoretical models regarding 
hemispheric specialization for emotion, the overall 
findings of greater left- than right-sided asymmetries 
suggest that the right hemisphere is dominant for the 
expression of facial emotion. However, when valence 
is factored in, these findings are stronger for negative 
than for positive emotions. In fact, in the case of 
positive emotions, especially for the spontaneous 
condition, there is evidence for left as well as right 
hemisphere involvement. Weaker left-sided asymme- 
tries, presumably reflecting weaker right-hemisphere 
mediation for positive emotions, could be consistent 
with the valence hypothesis. Although there were no 

instances of right-sided asymmetries for negative 
emotions, there was a 15% incidence for positive 
emotions. These findings for positive emotions are 
suggestive of sQme degree of left hemisphere involve- 
ment in positive emotion. 

The possibility that positive emotion might be 
mediated by both hemispheres has been raised by a 
number of investigators (e.g., Borod, Koff, and Buck, 
1986; Ehrlichman, 1987). There are several reasons 
that the left hemisphere might be involved in the ex- 
pression of positive emotions. For example, Borod, 
Koff, and Buck (1986) have noted that positive emo- 
tions tend to be more communicative and linguistic 
than negative emotions, which could reflect more 
left-hemisphere involvement in their execution. In a 
similar vein, it has been suggested that smiles, the 
most frequently studied expression of positive emo- 
tion, differ from negative facial expressions in their 
ease of intentional production and frequency of use 
during social communication (Etcoff, 1986; Gainotti 
et al., 1993). In fact, Ross et  al. (1994) have provided 
some evidence that social emotions (as opposed to 
primary emotions) may actually be modulated by the 
left hemisphere. Ross et al. 's findings are in keeping 
with Wolff's earlier speculations (1933) that the right 
hemiface (i.e., left hemisphere) projects an individ- 
ual's social facade. 

Of note is the fact that the dimensions of pleas- 
antness and communicativeness can be related to yet 
another dimension, that of approach/withdrawal. 
This dimension of motoric direction has received 
much attention in the emotion laterality literature in 
recent years. Several writers (e.g., Davidson, 1984, 
1993; Fox, 1991; Kinsbourne, 1982) have suggested 
that the expression/experience of approach emotions 
is mediated by the left hemisphere and that the ex- 
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pression/experience of withdrawal emotions is medi- 
ated by the right hemisphere. In light of these specu- 
lations, we reexamined the discrete emotions in the 
studies reviewed in this paper according to this dis- 
tinction. Of the emotions considered, anger is the 
only one that would shift categories (i.e., from nega- 
tive to approach). Among the posed studies, there 
were nine instances in which anger was examined. In 
eight cases, anger was expressed more strongly on 
the left than the right hemiface; in one case, there 
were no significant facial asymmetries. There were 
no spontaneous studies in which anger was purpose- 
fully elicited. Thus, the data examined in the present 
review do not provide support for the motoric direc- 
tion hypothesis. 

When elicitation condition was considered, 
there were no significant differences between facial 
asymmetry distributions for posed vs. spontaneous 
conditions, across valences and facial parts. Thus, 
this review does not implicate differential innervation 
for these two conditions. However, it was the case 
that for one spontaneous condition (i.e., positive 
whole face), there was relatively less asymmetry than 
for its analogue posed condition (see Table VI). This 
effect seems to be more a function of emotional va- 
lence, however, than of elicitation condition, since 
the least left-lateralized distribution occurred for 
positive posed lower face expressions. Thus, although 
spontaneous facial expression is thought to be sub- 
cortically mediated through bilateral facial innerva- 
tion, our examination of the facial asymmetry 
literature provides no support for this notion. 

Condition differences might actually have been 
obscured by the degree to which social display rules 
were operating. It could be argued that fewer facial 
asymmetries should have occurred in spontaneous 
conditions when social display rules were not oper- 
ating. To address this issue, we analyzed the data for 
the spontaneous studies in terms of three levels of 
social display rules, and found no significant differ- 
ences in direction (left, equal, right), presence (yes, 
no) of facial asymmetries, or presence of left-sided 
asymmetries (yes, no) across the three levels. 

Another factor that bears mention pertains to 
the instructions used to elicit posed/deliberate facial 
expressions. Both verbal and visual elicitation proce- 
dures can be used to determine whether the right 
hemisphere's dominance for visuospatial processing 
and the left hemisphere's dominance for verbal proc- 
essing affect the direction of facial asymmetry. Based 
on the literature review conducted in this paper, 

there appear to be two studies that considered this 
issue. In one study, posed expressions were elicited 
separately to verbal command or visual imitation in 
16 right-handed adult males (Borod et al., 1988), with 
the result that the left hemiface was rated as more 
intense than the right hemiface in both conditions. 
In another study (Borod, Koff, and White, 1983), fa- 
cial expressions of positive and negative emotions 
were elicited in two posed, as well as a spontaneous, 
conditions. For the spontaneous condition, 37 right- 
handed male and female subjects were videotaped 
unobtrusively as they viewed emotionally provocative 
slides (Buck, 1978); for the posed conditions, subjects 
were requested to pose expressions to "verbal com- 
mand" and to pose expressions appropriate for each 
of the slides ("visual command"). The left hemiface 
was judged as moving significantly more extensively 
than the right hemiface, regardless of condition (i.e., 
spontaneous, posed verbal, or posed visual). Further 
study of this issue appears warranted. 

In light of possible differences in the neuro- 
anatomical innervation of facial expression, we ex- 
amined patterns of asymmetries in whole vs. lower 
faces. In three of four comparisons (see Table V), 
there were no significant differences in patterns of 
asymmetry. When we looked at the set of experi- 
ments (posed positive) where significant face part 
differences occurred, it turned out that several of 
these experiments used methodologies very differ- 
ent from those used in the majority of the experi- 
ments reviewed. These experiments (Kop et al., 
1991; Schiff and Lamon, 1989) involved deliberate 
unilateral muscle movement and analysis of the 
subsequent emotion experienced. When the data 
from these experiments were removed from this 
face-part analysis, as well as from all analyses re- 
ported above, the patterns of results vis-a-vis sig- 
nif icance were the same. In o rder  to directly 
address the effect of face part on patterns of asym- 
metry, research will need to evaluate facial asym- 
metry in upper, lower, and whole faces within the 
same set of subjects. 

The finding of left-sided facial asymmetry in 
normal subjects has generally been attributed to cen- 
tral (i.e., right hemispheric), as opposed to periph- 
eral, brain mechanisms. However, the effects of 
nonemotional peripheral factors on such asymme- 
tries must be assessed for several reasons. First, if 
the two hemifaces differed in the degree of muscular 
activity, the hemiface with greater mobility might be 
perceived as more emotionally intense (Koff et al., 
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1981). Second, if the two hemifaces differed in size, 
the expression mapped on the wider side could ap- 
pear diluted and be perceived as less extensive (Koff 
et al., 1981). Third, morphological characteristics of 
the resting face could affect raters' perceptions of the 
emoting face (Ekman, 1980; Fridlund et al., 1987). 

In a number of studies, attempts have been 
made to rule out such confounding factors. Studies 
have demonstrated that nonemotional hemiface mo- 
bility (Borod and Koff, 1983) and hemiface width 
(Jaeger, 1984; Sackeim and Gur, 1980) were not sig- 
nificantly correlated with measures of hemiface in- 
tensity during posed and/or spontaneous emotional 
facial expression. In addition, morphological asym- 
metries in the resting face were not correlated with 
facial asymmetry during posed emotional expression 
(Borod et al., 1988; Moreno et al., 1990). In these 
two studies, the left side of the resting face displayed 
more morphological asymmetries (i.e., was perceived 
as more intense) than the right side (Borod et al., 
1988; Moreno et aL, 1990). This finding of greater 
left-sided emotional intensity in the resting or neutral 
face has been widely corroborated (Campbell, 1978; 
Kowner, 1995; Mandal et al., 1992; Sackeim and Gur, 
1978; Schwartz et aL, 1979; cf. Cacioppo and Petty, 
1981). 

Using a somewhat different approach, hemiface 
mobility and hemiface size were examined and com- 
pared in normal adult subjects (Koff et al., 1981). 
Hemiface mobility was assessed from videotapes of 
nonemotional unilateral facial movements, and hemi- 
face size was measured from frontal-view photo- 
graphs of the whole face. The left hemiface was 
judged as more mobile/facile and the right hemiface 
was measured as larger, but these two asymmetry rat- 
ings were not significantly related to one another. 

Studies of facial asymmetry during emotion also 
need to control for the phenomenon of perceiver 
bias or the tendency to focus on the left side of space 
in judgments of facial stimuli (Borod et aL, 1990). 
This hemispace bias for free-field evaluation of emo- 
tional intensity has been demonstrated using sche- 
matic (Carlson and Harris, 1986) and photographic 
(e.g., Heller and Levy, 1981; Jaeger et al., 1987; Levy 
et aL, 1983; Moreno et aL, 1990) chimeric facial stim- 
uli. q'~vo other studies also found a left hemispace 
bias during free-field ratings of facial asymmetry in 
whole faces expressing emotion (Borod et aL, 1990; 
Sackeim and Grega, 1987). Based on these reports, 
studies involving whole-face judgments of facial sym- 
metry should control for orientation by presenting 

the facial stimuli to the raters in both original and 
mirror-reversed orientations. 

Finally, these facial asymmetry data suggest that 
more attention should be paid to the demographic 
characteristics of the posers. First, in terms of hand- 
edness, most experiments used only right-handed 
posers. In experiments where left-handers were in- 
cluded, in most cases (Borod and Caron, 1980; 
Campbell, 1978, 1979; Heller and Levy, 1981; Lynn 
and Lynn, 1938; Wylie and Goodale, 1988), there 
were no significant overall differences in facial asym- 
metry between fight-handed and left-handed posers. 
However,  in two exper iments  (Chaurasia  and 
Goswami, 1975; Moscovitch and Olds [Experiment 
4], 1982), left-handers were significantly less left- 
faced than right-handers. 

Second, in terms of the age of the posers, 
though it would be interesting to look systematically 
at its effect on facial asymmetry, the majority of 
studies reviewed used college-aged subjects and, 
where there was an age range, no age subgroup sta- 
tistics were reported. One of the studies from our 
laboratory (Moreno et al., 1990) explored the hy- 
pothesis that there is a decline in functions medi- 
ated by the right hemisphere as a function of age 
(Albert and Kaplan, 1980; Borod and Goodglass, 
1980; Brown and Jaffe, 1975; Ellis and Oscar-Ber- 
man, 1989) by looking at whether  there were 
changes in facial asymmetry as a function of age. 
Composite faces were created from photographs of 
posed facial expressions. Posers were 30 young 
(ages 21-39), 30 middle-aged (ages 40-59), and 30 
elderly (ages 60-81) right-handed neurologically 
and psychiatrically normal adult females who were 
photographed while posing positive and negative 
emotional expressions to verbal command. Overall, 
regardless of age and valence, left hemiface com- 
posites were rated as significantly more intense 
than right hemiface composites.  To determine  
whether there was a decline with age, laterality ra- 
tios for the intensity ratings for each expression 
([left composite - right composite]/[left composite 
+ right composite]) were correlated with age. Con- 
sistent with the overall lack of an age effect, the 
correlation coefficient (r = -0.08) was not signifi- 
cant. In light of the importance of the question of 
whether there is differential decline in hemispheric 
function with age, this is an area in need of fur ther  
research. 

Third, in terms of gender, this review offered an 
opportunity to examine hypotheses in the literature 



56 Borod, Haywood, and Koff 

regarding more bilateral hemispheric representation 
of function for females than males (e.g., McGlone, 
1980) and greater valence by hemisphere effects for 
females than for males (e.g., Borod, Koff, and Buck, 
1986). When gender of the posers was examined, out 
of 49 experiments, 3 did not specify gender while 16 
used only one gender. See Table VIII. Among the 
30 experiments that included both genders, 9 did not 
present results separately for males and females. 
Where data were described or could be analyzed 
with respect to gender, 14 experiments did not dem- 
onstrate significant differences in facial asymmetry. 
Of the 7 experiments where significant overall gen- 
der differences were reported, no systematic patterns 
emerged. 

CONCLUSIONS 

This review strongly supports the notion that the 
left hemiface is more involved than the right hemi- 
face in the expression of facial emotion, regardless 
of valence, face part, elicitation condition, or the op- 
eration of social display rules. Furthermore, studies 
controlling for peripheral confounds have shown 
these left-sided findings for facial asymmetry to be 
unaffected by nonemotional facial factors. Because 
of the predominantly contralateral innervation of the 
face, the finding of significant left-sidedness is con- 
sistent with the hypothesis that the right cerebral 
hemisphere is dominant for the facial expression of 
emotion. 

These findings in normal adults have been un- 
derscored by studies of stroke patients with focal 
right or left brain damage (e.g., Blonder et al., 1993; 
Borod, Koff, Lorch, and Nicholas, 1986; Buck and 
Duff-y, 1980; Kent et aL, 1988). When stroke patients 
were videotaped producing posed and/or spontane- 
ous facial emotional expressions, overall, patients 

with focal right-sided brain damage were significantly 
less accurate than patients with left-sided brain dam- 
age or normal controls. For a comprehensive review 
of the literature about facial emotional expression in 
brain-damaged subjects, see Borod (1993). 

From a theoretical perspective, there are a num- 
ber of factors that help explain why the right cerebral 
hemisphere might be more involved in emotional 
processing than the left hemisphere. It has been long 
known that the two hemispheres have different proc- 
essing styles and capabilities (e.g., Goldberg and 
Costa, 1981; Levy, 1974; Sperry, 1966). Further, there 
seems to be a consensus that the neuroanatomical 
organization of the right hemisphere may be particu- 
larly suited for the integrative multimodal nature of 
emotional processing. For a discussion of these theo- 
ries and issues, see Borod (1992), Gainotti et al. 
(1993), Tucker (1981), and Tucker and Frederick 
(1989). 

In spite of strong evidence for right-hemi- 
sphere specialization for emotional  expression, 
some of the data raise the possibility of differential 
hemispheric involvement as a function of emotional 
valence, or pleasantness/unpleasantness. The avail- 
ability of neuroimaging techniques, permitting on- 
line recordings, will undoubtedly provide a way to 
better understand neural mechanisms underlying 
cerebral asymmetries with respect to valence and 
other emotional dimensions. Although the work is 
in its infancy, investigators have begun to examine 
where faces are processed (e.g., Egan et al., 1996; 
Erwin et aL, 1992; George et al., 1993; Sergent et 
al., 1992). The next obvious step would be to look 
at emotional expression and facial asymmetry with 
imaging techniques. Whether such in vivo studies 
will continue to support overall right hemisphere 
dominance for emotional processing or whether 
further complexities will be revealed, remains to be 
seen. 

Table VIII. Gender of Posers in the 49 Experiments 

No. of 
Studies 

Percent of 
Total 

No Information 
Regarding Gender 

6.1% 

One Gender Only 

Males Females 

7 9 9 

14.3% 18.4% 18.4% 

Both Genders Included 
Analysis by Gender 

No Analysis No Significant Significant 
By Gender Difference Difference 

14 7 

28.6% 14.3% 
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