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Discrimination and Imitation of Facial Expressions by Neonates 

Abstract. Human neonates (average age, 36 hours) discriminated three facial 
expressions (happy, sad, and surprised) posed by a live model as evidenced by 
diminished visual fixation on each face over trials and renewed fixations to the 
presentation of a different face. The expressions posed by the model, unseen by the 
observer, were guessed at greater than chance accuracy simply by observing the 
face of the neonate, whose facial movements in the brow, eyes, and mouth regions 
provided evidence for imitation of the facial expressions. 

Facial expressions of emotions such as 
happiness, sadness, and surprise have 
been observed in the very young infant 
(I) and in several cultures (2). Because of 
their early appearance and their apparent 
universality, these basic facial expres- 
sions may reflect innate processes (3). 
We have investigated whether neonates 
can discriminate and imitate these facial 
expressions. Projected photographs of 
facial expressions are discriminated as 
early as 3 months of age in a visual 
habituation paradigm (4). The young in- 
fant is also physically capable of repro- 
ducing these expressions; all but one of 
the discrete facial muscle actions of 
adults have been identified in the neo- 
nate (5) .  Although a debate continues on 
what processes may be involved (6), 
imitations of facial movements such as 
lip protrusion, mouth widening, and 
tongue thrusting have been reported for 
12- to 21-day-old babies (7). We now 

have evidence for both the discrimina- 
tion and imitation of facial expressions at 
an even younger age, shortly after birth. 

In this study, a series of three facial 
expressions (happy, sad, and surprised) 
were modeled by an adult for 74 neo- 
nates (mean age, 36 hours) (8). The mod- 
el held the neonate upright with the 
newborn's head supported in one hand 
and torso in the other hand. The two 
faces were separated by approximately 
10 inches. The neonate's visual fixations 
on the adult's face and the neonate's 
facial movement patterns were recorded 
by an observer who stood behind the 
model in order to see the infant's face 
but remained unaware of the expression 
being modeled. Split-screen videotaping 
of the neonates' and model's faces pro- 
vided checks on the reliability of coding 
by observer and face presentation by 
model (9). 

To sustain alertness and to elicit the 
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neonate's visual fixations on the model's 
face, the model provided vestibular stim- 
ulation (two deep knee bends) and audi- 
tory stimulation (two tongue clicks) prior 
to each trial. The model then fixed a 
happy, sad, or surprised expression on 
her face. Three series of trials or one 
series for each face were presented in 
a counter-balanced Greco-Latin-square 
order to control for state change effects. 
Face 1 was sustained in a fixed position 
until the infant looked away from the 
model's face, at which time the model re- 
elicited the neonate's visual fixation with 
vestibular and auditory stimulation. 
Face 1 trials were repeated until the 
neonate looked at that face for less than 
2 seconds. Face 2 and face 3 trials were 

then presented according to the same 
procedure (Fig. 1). 

For each trial, the observer coded on a 
paper grid (i) total time per trial; (ii) 
predominant target and pattern of neona- 
tal visual fixation per trial on the model's 
eyes, mouth, or alternately on the eyes 
and mouth; (iii) the presence of specific 
mouth movements of the neonate, in- 
cluding widening of the lips (as in a 
happy face), tight and somewhat pro- 
truded lips (pouting or sad face), wide 
opening of the mouth (as in a surprise 
face), or tongue protrusion; (iv) presence 
or absence of eye widening (as in a 
surprise face); (v) presence of relaxed or 
furrowed brow (as in happy or sad face, 
respectively); and (vi) observer's guess 

'T' .@ - d 

I el< happy, sad, and 
surprised expressions 
and an infant's cor- 
responding expres- 
sions. 

as to which expression was being mod- 
eled. 

Because we used a trials-to-criterion 
procedure yielding a different number of 
trials per expression per infant (range, 4 
to 15; mean, 5.8), the number of trials 
during which these movements occurred 
was converted to the proportion of the 
total number of trials presented for each 
facial expression. For the same reason, 
the trials were divided in thirds (early, 
middle, and late) for analyses of the 
visual habituation data. Repeated mea- 
sures analyses of variance were then 
conducted with the order of trials (3) as a 
between-subjects measure and the facial 
expressions modeled (3) as a repeated 
measure. There were no significant ef- 
fects of order of trials or type of facial 
expression in the habituation-dishabitua- 
tion. Visual fixations significantly de- 
creased from the middle to late trials 
[mean decrease, 11.9 seconds, F(2, 142) 
= 5.49, P < .005] and significantly in- 
creased from the late trials of the facial 
expression to the early trials of the sub- 
sequent expression [mean, 8.1 seconds, 
F(2, 142) = 5.81, P < .005]. Thus, the 
visual habituation and dishabituation of 
the facial stimuli suggest that neonates 
can discriminate at least these three ba- 
sic facial expressions (10). 

The neonate visually fixated the 
mouth region and alternately looked at 
the mouth and eye regions for a greater 
proportion of the trials than the eye 
region, irrespective of the facial expres- 
sion being modeled (1 1). The neonate's 
alternating fixations on the mouth and 
the eye region occurred during a greater 
proportion of the surprise expression tri- 
als than for the other facial expressions 
[F(2, 142) = 4.74, P < .01]. Fixations on 
the mouth region occurred for a greater 
proportion of trials during happy and 
sad than surprised expressions [F(2, 
142) = 3.26, P < .05]. The model's sur- 
prise expression featured salient eye and 
mouth positions (both widened), where- 
as the happy and sad expressions were 
characterized primarily by mouth posi- 
tions-widening of the lips for the happy 
expression and tightened, protruding lips 
for the sad expression (Fig. I). These 
differential visual fixation patterns sug- 
gest that the neonate can perceive dis- 
tinctive features of these facial expres- 
sions: of the mouth in happy and sad 
faces, and of both the mouth and eyes in 
the surprise expression. 

Figure 2 depicts the proportion of tri- 
als on which differential mouth move- 
ments were observed during the different 
face trials. Because of the problem posed 
by different baseline frequencies, the dis- 
tributions of each behavior were ana- 
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lyzed separately across the different ex- 
pressions modeled (7). There were no 
differences in the proportion of trials that 
tongue protrusion occurred as a function 
of different facial expressions ( P  > .O5). 
However, widened eyes and wide mouth 
opening occurred for a greater propor- 
tion of surprise than other face trials 
[F(2, 142) = 3.97, P < .O5 and 11.49, 
P < .001, respectively]. Lip widening 
occurred more frequently during happy 
face trials [F(2, 142) = 3.41, P < .O5], 
and tightened-mouth-protruding-lips [F(2, 
142) = 3.41, P < .05] and furrowed brow 
[F(2, 142) = 10.16, P < ,0011 occurred 
more frequently during sad expression 
trials. Comparison of the occurrence of 
these facial movements across the ex- 
pressions for which those movements 
would not be expected (omitting the imi- 
tative expression movements corre- 
sponding to the modeled expressions) 
yielded no significant differences. This 
finding provides additional support for 
the notion that the neonate's facial 
movements that simulate those of the 
model are attributable to imitation. An 
analysis of early, middle, and late trials 
data for these expressions revealed that 
a greater proportion of these expressions 
occurred during the middle trials [F(2, 
142) = 5.29, P < .01], suggesting that 
these were not arousal responses or 
fixed action patterns (12). 

Analyses of the observer's guesses 
included only those data for each sub- 
ject's first series of trials. The chance 
probability of correctly guessing the fa- 
cial expression would be 33 percent. The 
surprise facial expressions were correct- 
ly guessed 76 percent of the trials, at a 
significantly greater than chance level 
(x2(24) = 65.23, P < .001). Surprise ex- 
pressions were correctly guessed more 
often than happy (58 percent) or sad 
expressions (59 percent). However, the 
happy (X2(23, = 35.76, P < .05) and sad 
expressions (x2(24) = 38.41, P < ,051 
were also correctly guessed. The sur- 
prise expression featured two salient fea- 
tures in two regions (eyes and mouth). 
When the infant reproduces both of 
these features, the probability of an ac- 
curate guess by the observer was in- 
creased. 

These results suggest that the neonate 
is capable of discriminating at least these 
three different facial expressions. Ensur- 

Model 

Surprised 

Neonatal mouth movements 

Fig. 2. Mean proportion of trials during which 
different neonatal mouth movements oc- 
curred as a function of facial expression mod- 
eled. Mouth movements include widened lips 
(as in a happy expression), pouting lips (sad), 
and wide open mouth (surprised). Proportions 
do not total 100 because these discrete move- 
ments occurred predominantly during the 
middle trials (approximately 39 percent of the 
trials). 

ing that the infant was alert and using a 
trials-to-criterion habituation procedure 
so that each infant could process the 
information at his own pace may have 
facilitated the demonstration of facial 
discriminations. 

The imitative expressions provide sup- 
port for Meltzoff and Moore's data (7) on 
imitative gestures by 12- to 21-day-old 
infants. They suggested three potential 
underlying mechanisms: shaping of the 
response by the model, an innate releas- 
ing mechanism, and the neonate's capac- 
ity to integrate visual and proprioceptive 
information. Consistent with their con- 
clusions, the videotapes of the model's 
behaviors suggest that shaping or rein- 
forcing the neonate's responses did not 
occur. Although "fixing" a face is not 
easy and may produce some muscle 
movement, there were no discernible 
movements on the model's face. That 
these imitations might be based on an 
innate releasing mechanism or fixed ac- 
tion pattern is also unlikely (13) given the 
organization and lack of stereotypy of 
the infants' differential responses to 
these three different facial expressions. 
Instead, we favor the view of Meltzoff 
and Moore (7) that there is an innate 
ability to compare the sensory informa- 
tion of a visually perceived expression 
(as evidenced in this study by their abili- 

ty to discriminate the facial expressions) 
with the proprioceptive feedback of the 
movements involved in matching that 
expression (as manifested by their differ- 
ential responses to the facial expres- 
sions). 
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