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ABSTRACT: Humaninfants' responsivenessto the audible and visiblefeatures of human faces
was studied by habituating them to a person speaking a prepared script in an adult-directed
manner and then administering a series of separate test trials where a person could be seen,
heard, or seen and heard singing. When habituated to a female person speaking in an adult-
directed manner and tested with a singing female 4, 6, and 8-month-old infants responded to
the audible, visible, and bimodal changes, whereas 3-month-old infants only responded to the
visual and bimodal changes. In contrast, when habituated to a male person speaking in an
adult-directed manner and tested with a singing female, all age groups discriminated all three
types of changes. These findings demonstrate that infants are responsive to differences between
low- and high-prosody content inherent in both the facial and vocal characteristics of the
human face and that, whereas responsiveness to the visible and bimodal features associated
with differences between adult-directed speech and singing is present as early as 3 months of
age, responsiveness to the audible features emerges between 3 and 4 months of age depending
on whether gender differencesare present aswell.  © 1998 John Wiley & Sons, Inc. Dev Psychobiol
32: 261-274, 1998
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Infants are highly responsive to a stylized type of
speech that adults normally use when communicating
with them. This type of speech is known as infant-
directed (ID) speech and differs from adult-directed
(AD) speech in that it is higher in pitch, has a wider
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pitch range, and has smooth and highly modulated
pitch contours (Fernald & Simon, 1984; Papousek, Pa-
pousek, & Bornstein, 1985). Moreover, the overall
tempo of ID speech is slower, the utterances are
shorter, the pauses between utterances are longer, and
thereis greater prosodic repetition (Fernald, 1985; Pa-
pousek, Papousek, & Haekel, 1987; Snow, 1977,
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Stern, Spieker, & MacKain, 1982). Studies have
shown that infants prefer to listen to ID speech when
given achoice between ID and AD speech (Cooper &
Aslin, 1990; Fernald, 1985; Fernald & Kuhl, 1987;
Papousek & Papousek, 1981; Werker & McLeod,
1989).

With a few notable exceptions (Pegg, Werker, &
McLeod, 1992; Werker & McLeod, 1989; Werker,
Pegg, & McLeod, 1994), the evidence indicating that
infants prefer ID over AD speech is based either on
the presentation of only the audible features of ID
speech or on the presentation of the audible features
of ID speech together with a static photograph of a
human face (e.g., Fernald, 1993) or a checkerboard.
Under norma circumstances, however, speech and
many other social communicative events are dynamic,
multimodal events. For example, when an infant in-
teracts with a caretaker, the infant usually sees and
hears the caretaker at the same time. Consequently, it
is reasonable to ask whether the visible attributes of
the type of exaggerated prosody inherent in ID speech
contribute in some way to infant response and whether
the interaction of the visible and audible features of
exaggerated prosody play a role in responsiveness.
This, in turn, raises a more general question: Does
responsiveness to the multimodal representation of an
event differ from responsiveness to the unimodal rep-
resentation of the same event?

A good deal of evidence from studies of infants
responsiveness to multimodal events suggests that re-
sponsiveness to multimodal information differs from
responsiveness to unimodal information. For example,
adult subjects detect and identify speech that is simul-
taneously specified by its audible and visible features
considerably better than speech that is specified just
by itsaudible features (Massaro & Cohen, 1990; Sum-
merfield, 1979). Also, studies have shown that adults
perception of auditory information can bedramatically
affected by concurrent visual information in that the
visual information actually can change what the sub-
ject hears. The two best known examples of these ef-
fects are the “McGurk effect” (McGurk & MacDon-
ald, 1976), where subjects perception of an audible
syllable is changed by a conflicting visible syllable,
and the “ventriloquism effect” (Jack & Thurlow,
1973) where subjects localize the site of a sound to be
at the site of a visible event despite the fact that the
two are spatially discrepant. Research with infantsalso
has shown that they respond differently to multimodal
than to unimodal information. For example, Lewko-
wicz (1988a, 1988b, 1992) has shown that whereas
infants always can discriminate a simultaneous change
in the audible and visible components of a compound

auditory—visual stimulus, they often do not respond
to a change in the separate, constituent components of
the same compound stimulus. Moreover, as shown by
Lewkowicz (19884), infants do not respond to input
in one modality when simultaneous input in a second
modality is present but do respond to that same input
when input in the second modality is absent. Finally,
in addition to the modification, enhancement, or sup-
pression effects that input in one modality can have
on responsiveness to input in a second modality, si-
multaneous inputs in different sensory modalities
sometimes can have multiplicative effects which can-
not be predicted from the effects of the unimodal com-
ponents comprising the compound stimulus (Stein,
Meredith, & Wallace, 1994).

Although the differential effectsof unimodal versus
multimodal stimulation on responsiveness must be
taken into consideration, two other factors must be
taken into account when considering the effects of
multimodal stimulation in a developing system. First,
the different sensory modalities develop at different
rates (Gottlieb, 1971). As a result, the auditory mo-
dality develops before the visual modality. This, in
turn, means that the auditory modality is devel opmen-
tally more advanced during early development and
thus might be better in responding to the auditory com-
ponent of an auditory —visual compound stimulus. The
second factor that must be taken into account is that
the different sensory modalities are specialized for the
processing of different kinds of stimulus attributes. For
example, the auditory modality is specialized for re-
sponding to the temporal attributes of stimulation
whereas the visual modality is specialized for respon-
siveness to motion and the spatial attributes of stim-
ulation (Kubovy, 1988). This also can lead to differ-
ential responsiveness to compound auditory —visual
stimulation.

The functional consequences of the differential
rates of sensory system development and of sensory
specialization are illustrated by findings from a series
of studies of infants responsiveness to auditory—
visual compounds by Lewkowicz (1988a, 1988b,
1992). In these studies, Lewkowicz found that the au-
ditory aspects (i.e., temporal changes) of a compound
auditory—visual stimulus blocked or dominated re-
sponsiveness to the concurrent visual attributes of the
compound stimulus when the visual component was
spatially static. In contrast, when the visual component
was spatially dynamic (e.g., moving) the auditory
component did not dominate responsiveness. In fact,
when the visual component was spatially dynamic, in-
fants responded more to it than to a concurrent audi-
tory component (Lewkowicz, 1992). These types of



effects make predictions regarding the effects of in-
termodal interactions a complex problem (Bushnell,
1994) and suggest that generalizations made on the
basis of responsiveness to unimodal inputs may be
misleading. Moreover, generalizations and character-
izations of infants' responsiveness to unimodally pre-
sented features of exaggerated prosody may not extend
to the multimodal case because (@) most communica-
tive events are multimodal, (b) developmental and spe-
cialization factors play an important role in intersen-
sory responsiveness, and (c) the interactive effects of
simultaneous heteromodal inputs cannot be predicted
from the effects of unimodal inputs. Findings from
studies of infant attentional response to multimodally
represented 1D speech support these conclusions in
that infants respond differently to multimodal repre-
sentations of 1D speech at different ages. For example,
7-week-old infants can discriminate between ID and
AD speech on the basis of its audible characteristics
aone, but they do not exhibit a preference for 1D
speech when it is simultaneously specified by audible
and visible features (Pegg et a., 1992). In contrast,
infants older than 4 months of age exhibit a visual
preference for ID speech only when it is simulta
neously specified by audible and visible attributes
(Werker & McLeod, 1989). Findings such asthese, as
well as findings from other studies (Cooper & Adlin,
1990; Fernald, 1985), indicate that very young infants
can discriminate and prefer ID speech when it is pre-
sented either alone or together with a non-face-like
visual stimulus whereas older infants exhibit an atten-
tional preference for 1D speech best when it is speci-
fied concurrently in the auditory and visual modalities.

This developmental pattern parallelsthe pattern ob-
served in animal studies of responsiveness to multi-
modal compounds. For example, when given a choice
between a stuffed hen model of a conspecific adult
female and a model of afemale from another species,
newly hatched bobwhite quail chicks will choose to
go to the conspecific model. The basis for this behav-
ior changes during the first few days after hatching.
Lickliter and Virkar (1989) showed that the preference
isfirst based solely on the auditory cues of the stuffed
hen at 24 and 48 hr following hatching but that by
72 hr after hatching the chicks' preferenceisbased on
both visual and auditory maternal cues. What makes
this finding particularly interesting is that this devel-
opmental pattern is dependent on early experience. If
chicks are deprived of the normal prenatal stimulation
provided by their broodmates, they continue to re-
spond solely on the basis of auditory maternal cues
later into development (Lickliter & Lewkowicz,
1995). Thisfinding suggests that in the case of human
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infant preference for the combined audible and visible
attributes of ID speech later in development, the pref-
erence may emerge as aresult of experience with mul-
timodally unified exemplars of such an event.

In an attempt to systematically investigate the sep-
arate role that the visible and audible attributes of so-
cialy meaningful, multimodal compound stimuli play
in perceptual development, Lewkowicz (1996a) con-
ducted a series of studies testing infant response to
various attributes of face/voice compounds. One of the
attributes studied was I D speech. Infants werefirst ha-
bituated to a videotape of a person speaking inthe AD
or ID manner and then a series of test trialswas given
where either the audible, visible, or both attributes of
the face/voice compound stimulus were changed. In
contrast to the finding that infants as young as 1 month
of age exhibit responsiveness to audible ID speech,
Lewkowicz (19968) found that the earliest age at
which infants responded to the audible difference be-
tween AD and ID speech when it was presented to-
gether with a dynamic face was 6 months of age. The
finding that infants younger than 6 months of age did
not respond to the audible difference between AD and
ID speech is markedly different from the previously
described finding that infants as young as 1 month of
age prefer to listen to 1D speech when it is specified
solely in the auditory modality (Cooper & Asdlin,
1990). This suggests that responsiveness to the kinds
of exaggerated pitch and prosody cues characteristic
of ID speech can differ considerably depending on
whether these cues are unimodal or multimodal.

The finding that 4-month-old infants did not re-
spond to the difference between AD and ID speechin
Lewkowicz's (1996a) studiesis similar to Werker and
McLeod’s (1989) finding that 4.5-month-old infants
did not exhibit avisual preference for ID speech when
it was not bimodally specified. Specifically, in Lew-
kowicz's (1996a) studies, the 4-month-old infants did
not respond to the change from AD to ID speech when
it occurred against the background of an AD face.
Likewise, in Werker and McLeod’ s (1989) studies, in-
fants did not prefer ID speech when it was presented
against the background of aneutral face. Both findings
suggest that discrimination of manner of speech when
it is specified in the auditory modality without con-
current specification in the visual modality is possible
for 6- and 8-month-old, but not for 4-month-old, in-
fants.

There are some interesting parallels between the
results from studies of infants' response to multimodal
compounds composed of simple attributes (Lewko-
wicz, 1988a, 1988b, 1992) and the resultsfrom studies
of infants’ response to unimodal and multimodal ex-



264 Lewkowicz

emplars of 1D speech. When infants are presented with
multimodally specified 1D speech, they first begin to
exhibit evidence of responsiveness to this type of
speech and to its difference from AD speech at 4
months of age if the difference is specified bimodally
(Lewkowicz, 1996a; Werker & McLeod, 1989). By 6
months of age, however, in addition to being able to
respond to the bimodally specified difference between
ID and AD speech, infants begin to exhibit a capacity
to respond to the separable components by responding
to changes in the audible and visible components sep-
arately (Lewkowicz, 1996a). Thus, what appears to
emerge later in development is responsiveness to the
unimodal components of the multimodal compound.
What might be the explanation for this kind of devel-
opmental pattern? One may bethat multimodally spec-
ified information, which in most circumstancesis uni-
fied, provides maximal information and thus provides
infants with multiple discriminative cues. A second
may be that responsiveness to the integral nature of
the face/voice emerges first in development and, as a
result, the infant is less disposed to attend to the sep-
arable nature of the components. Of course, the first
explanation does not require that infants respond to
the compound stimulus as a unified whole because re-
sponsiveness may simply be enhanced by greater over-
all amount of information rather than by the integral
nature of the compound stimulus. In contrast, the sec-
ond explanation does presuppose that infants respond
to the integral nature of the compound stimulus and,
in fact, studies of infants' responsiveness to auditory —
visual equivalence indicate that this ability first
emerges around the 4th month of life (for examples
see Lewkowicz & Lickliter, 19944). Thus, it could be
that the developmentally later emergence of respon-
siveness to the unimodal (i.e., audible) attributes of
multimodally specified ID speech occurs because the
ability to differentiate the separable, unimodal prop-
erties of multimodal compounds can only develop af-
ter the ability to integrate them develops. In other
words, the developmental pattern might be initial de-
tection of differences within single modalities (as ev-
idenced by infant ability to discriminate the difference
between ID and AD speech solely on the basis of au-
dible differences), followed by the emergence of in-
termodal integration, followed by differentiation of the
unimodal components that are now part of compound
objects and events.

Asnoted earlier, the differential rate of sensory sys-
tem development and the differential specialization of
the different sensory modalities make predictions
about responsiveness to specific types of multimodal
events difficult and make the postulation of a general
developmental sequence such asthe one proposed here

arather complex undertaking. The most effective way
to provide amore-reliable basisfor making predictions
and for specifying more-precise developmental prin-
ciples regarding infants' response to multimodal ob-
jects and events is to gather data on infant response to
a variety of events. Thus, one of the questions that
Lewkowicz's (19964) findings raise is whether the 4-
month-old infants' failure to respond to the audible
atributes of ID speech when they compete with the
visua attributes of AD speech reflects a general inabil-
ity of infants at this stage of development to respond to
the exaggerated prosody and pitch characteristics of the
audible features of multimodal 1D speech. If so, then a
similar response pattern should be observed for other
types of communicative acts characterized by exagger-
ated prosody and pitch characteristics.

A ubiquitous type of communicative activity that
caretakers engage in with their infantsis singing. Sing-
ing is highly similar to ID speech in that it is also
characterized by exaggerated rhythms, exaggeratedin-
tonation contours, and exaggerated stress patterns
(Trehub, Trainor, & Unyk, 1993). Moreover, infants
are responsive to most features of songs. For example,
infants respond to the contours (Trehub, Bull, &
Thorpe, 1984), tempos (Trehub & Thorpe, 1989), and
timbres (Trehub, Endman, & Thorpe, 1990) of melo-
dies, and to the grouping of the elements of musical
patterns on the basis of their similarity (Demany,
1982), and their proximity (Trehub & Thorpe, 1989).
Indeed, the many parallels in infant response to ID
speech and singing have led Trehub et al. (1993) to
conclude that common processing strategies might un-
derlie the processing of speech and music in prelin-
guistic and premusical listeners. Giventhe universality
of singing and the many parallels between ID speech
and singing, we felt that it would be useful to explore
infant response to the multimodal attributes specifying
the difference between speech and singing. Because
singing is characterized by even greater prosody and
pitch variations than ID speech, it was expected that
responding to the audible attributes of a person seen
and heard singing would be discriminable earlier in
development than the audible attributes of a person
seen and heard speaking in the ID manner.

EXPERIMENT 1

To investigate infants' responsiveness to the various
heteromodal attributes specifying the difference be-
tween multimodally represented AD speech and sing-
ing, infants were habituated to a female speaking in
the AD manner and then tested with attributes of a
different female engaged in the act of singing. Lew-



kowicz (1996a) found that the youngest age at which
infants responded to the audible difference between
AD and ID speech presented in a multimodal context
was 6 months of age. Given that singing is generally
highly prosodic in nature, it was expected that infants
would respond to the difference between multimodal ly
represented speech and singing at least as early in de-
velopment as they do to differences in the manner of
speech and, most likely, even earlier. To make direct
comparisons possible, the methods employed in the
current experiment were the same as those employed
by Lewkowicz (19964).

Method

Subjects. Separate groups of 3-, 4-, 6-, and 8-month-
old infants were tested. There were 32 infantsin each
group, with an equal number of boys and girls. The
mean age of the 3-month group was 14.5 weeks
(SD = .7 weeks). Two additional 3-month-old infants
were tested but not used because 1 fussed and 1 was
inattentive. The mean age of the 4-month group was
19.7 weeks (SD = .7 weeks). Nine additional 4-
month-old infants were tested but not used because 5
fussed and 4 were inattentive. The mean age of the 6-
month group was 28.4 weeks (SD = .8 weeks). Eight
additional 6-month-old infants were tested but not
used because 4 were fussy and 4 were inattentive. The
mean age of the 8-month group was 37.3 weeks
(SD = .8 weeks). Five additional 8-month-old infants
were tested but not used because 1 was fussy and 4
were inattentive. The subjects in this experiment, as
well asin Experiment 2, were full-term at the time of
birth, had 1- and 5-min Apgar scores of 7 or higher,
and were healthy at the time of testing.

Apparatus and Stimuli. Each infant sat in an infant
seat in front of a13-in. color video monitor (Panasonic
CT-1331Y) that was located 50 cm from the infant. A
color video camera (Panasonic AG-190) was placed
on top of the monitor and was used to videotape the
infant’ svisual behavior throughout the testing session.
Infants who were fussy when first placed in the infant
seat were then placed on the parent’s lap. One 3-
month-old and two 6-month-old infants were tested on
the lap because they refused to sit in the infant seat.
The parent holding the baby was asked to sit as till
aspossible, refrain from interacting with the baby, and
was given no information regarding the experimental
hypothesis under examination.

A curtain that extended from the monitor past the
point where the infant was seated was placed on each
side to occlude the infant’s peripheral view. A contin-
uous videotape contained a total of 18 trials, each
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20 sin duration. The first trial on the videotape was a
pretest trial during which a segment of a*“Winnie-the-
Pooh” cartoon was presented. The last trial on the vid-
eotape was a posttest trial during which the same car-
toon was presented. The novelty of each of these two
trials at the beginning and end of the test session per-
mitted an assessment of fatigue effects and made it
possible to determine whether fatigue might account
for any failures to exhibit response recovery during
the test trials. The second trial on the videotape com-
menced the habituation phase. During the habituation
phase, the infants saw and heard a female person,
whose face filled most of the monitor screen, recite a
prepared script in the AD manner of speech.! While
reciting the script, the person held her head still during
the entire 20-s segment and recited the script with a
minimum amount of intonation and at a pace that was
characteristic of a person reading a passage aloud in
the presence of other adults. The average sound pres-
sure level of the person’s voice while reading the
script ranged between 62 and 67 dB (A scale, re.
.0002 dynes/crm?).

Once the habituation phase ended, a testing phase
followed with the presentation of a series of four test
trialsthat included afamiliar (F), auditory (A) change,
visual (V) change, and an auditory/visual (AV) change
test trial. During the F trial, the infants saw and heard
the same face and voice seen and heard during the
habituation phase. During the A test trial, the infants
heard a different female person singing a segment of
a song? but saw the familiar female face mouthing the
AD script. The sound pressure level of the singing
voice ranged between 59 and 67 dB. During the V test
trial, the infants saw the new person engaged in the
act of singing but heard the familiar voice reciting the
original AD script. It should be noted that because the
lips were seen producing something different than the
voice was heard producing, the voice and the lipswere
out of synchrony with respect to one another during
the A and V test trials. Finally, during the AV test
trial, the infants saw and heard a new person singing
the song (The lips and voice were in synchrony.)

Procedure and Design. Once the infant was seated in
front of the monitor, the videotape containing all 18

1 The script was as follows: “A paradox within science is that
artificial, or controlled situations help scientists understand the nat-
ura world. In natural settings many aspects of any two eventsdiffer;
the scientist sets up artificial situations to make events similar to
each other in many ways.”

2The song was an excerpt from the Broadway show
“Oklahoma’ and consisted of the following selection: “Oh what a
beautiful morning, oh, what a beautiful day. |I've got a beautiful
feeling, everything is going our way. There's a bright, golden haze
on the meadow, there’s a bright golden haze on the meadow.”
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trials was started and allowed to run to completion.
Each trial was separated from the next trial by a 3-s
blank and silent screen. For each infant, the test ses-
sion consisted of the pretest trial, 12 habituation trials,
four test trials, and the posttest tria in that order. The
four test trials were presented according to one of four
orders across the infants in each age group, respec-
tively, such that each of the four test trials was pre-
sented equally often in each ordinal position.

The same dependent measure used by Lewkowicz
(1996a) was employed in the current experiment. It
consisted of recording the total amount of time that
the infant spent fixating the video monitor during each
trial. This was done by having an observer watch the
videotape record of each infant’s testing session off-
line and having that observer score the amount of time
that the infant looked at the video monitor during each
trial. To make sure that the person scoring the infant’s
behavior was unaware of the stimulus conditions, the
sound track portion of the videotape was turned off
and the observer could only see the start and end of
each trial (The screen showing the image of the in-
fant’s face became brighter when the visual stimulus
came on and dimmer when it went off but provided
no clues regarding the identity of the visual display.)
One may object to the fact that whereas the recording
of the amount of visua attention devoted to a visua
stimulus is of obvious value, the value of recording
visual attention directed toward an auditory stimulus
is a less-obvious and useful measure of auditory re-
sponsiveness. Prior studies (Horowitz, 1974), how-
ever, have shown that visual attention to changing au-
ditory stimulation can provide a reliable and useful

measure of auditory processing. This is the case for
studies of infants' responsiveness to the auditory com-
ponent of an auditory—visua compound stimulus
(Lewkowicz, 1988a, 1988h, 1992, 1996a), as well as
for studies of infants' responsiveness to an auditory
stimulus alone (Jusczyk & Kemler Nelson, 1996).

Results and Discussion

Asafirst step, the datafrom the habituation trialswere
analyzed by way of a4 X 2 X 12 (Age X Gender X
Trials) repeated measures MANOVA. This analysis
yielded a significant multivariate trials effect, Rao
R(11, 110) = 4.09, p < .001, indicating that the in-
fants as a group decreased their looking over the 12
habituation trials. An orthogonal trend analysis indi-
cated that the linear orthogonal component of this ef-
fect was statistically significant, F(1, 120) = 36.35,
p < .001. The MANOVA aso yielded a significant
univariate Age X Trials interaction, F(33, 1320) =
10.92, p < .05, dthough the multivariate interaction
did not reach statistical significance. Finaly, the anal-
ysis yielded a significant age effect, F(3, 120) =
62.83, p < .001, indicating that there was a difference
in the overall magnitude of looking at the different
ages. Figure 1 shows the data from the habituation
trials separately for each age group. To determine the
source of the age effect, a Sheffé post-hoc test was
used to test the differencein overall amount of looking
between the different ages. The results of this test re-
vealed that the 3-month-old infants|ooked longer than
the 4- (p < .01), 6-, and 8-month-old infants (ps <
.001), and that the 4-month-old infants looked longer

® OMN
~ 16 )
N o .o
§ o B . . o s ]
8 - R e
g 1 o
s o
3
5 12 .
8 o
T A
g 10 AN ° °
a AN o
5 s ‘&—»-Ax\_&\ X 23 o
Thame T T = AL
= al ~ o R
.Gl
<] —0— 3-Month
0~ 4-Month
4 <o B-Month
12 3 4 5 8 8 9 10 1t 12 > 8Month

Habituation Trials

FIGURE 1 Mean duration of looking over the 12 habituation trials in Experiment 1, plotted
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FIGURE 2 Mean duration of looking during the pretest, test, and posttest trials, plotted separately
for each age group in Experiment 1. Error bars signify standard error of the mean (SEM).

than the 6- (p < .001), and the 8-month-old (p <
.001) infants.

The results from the pretest, test, and posttest trials
are depicted in Figure 2. The first question addressed
by the analyses was whether the infants became fa-
tigued during the test session. To answer thisquestion,
two different analyses were performed. The first com-
pared the results from the pretest and posttest trials by
a 2X 4 x2 (Trids X Age X Gender) MANOVA
which showed that there was a marginally significant
increase in looking between the beginning (pretest
trial: 14.1 s) and end of the test session (posttest trial:
14.9 s), F(1, 120) = 2.98, p < .10. The second anal-
ysis compared the amount of looking in the posttest
trial versus the amount of looking in the F tria. If the
infants had not become fatigued, and if they recog-
nized the novelty of the stimulus presented during the
posttest trial, they should have exhibited a significant
response recovery. Consistent with this expectation,
the average amount of looking during the posttest
trial (14.9 s) was significantly greater, F(1, 120) =
108.63, p < .001, than the average amount of looking
in the F trial (10.4 s). This finding indicates that any
failure to exhibit significant response recovery during
any of thetest trials could not have been dueto fatigue
effects, as al of the test trials preceded the posttest
trial. Taken together, the results of the preceding two
analyses indicate that the infants not only did not be-
come fatigued during the test session but that they ac-
tually became more interested as the session pro-
gressed.

The question of greatest interest was whether the
infants responded to the various changes in the face/
voice compound stimulus. Because Lewkowicz
(19964) previously showed that responsivenessto sim-
ilar types of changes differs across age, a preliminary
analysis of the test trial data was conducted first to
determine whether the age of the infants affected re-
sponsiveness in the current experiment as well. To do
so, the data from the F, A, V, and AV trials were
submitted to a4 X 2 X 4 (Age X Gender X Trials)
MANOVA. Results of this analysis yielded a highly
significant univariate, F(3, 360) = 45.93, p < .001,
and multivariate, Rao R(3, 118) = 50.12, p < .001,
effect of trials, a significant age effect, F(3, 120) =
2288, p<.001, and a significant multivariate
Age X Trids interaction, Rao R(9, 287) = 3.61,
p < .001.

Given that the Age X Trias interaction was sig-
nificant, the test trial data from each age group were
analyzed separately by conducting separate sets of
planned contrast analyses at each age. These planned
contrasts compared the duration of looking in the A,
V, and AV test trial, respectively, with the amount of
looking in the F trial. Significantly greater looking in
any of these trials relative to the amount of looking in
the F trial indicated the infants discriminated the
change in that test trial. Table 1 shows the results of
these contrasts. As can be seen, the 4-, 6-, and 8-
month-old infants discriminated al three types of
changes (see Figure 2). In contrast, although the
3-month-old infants responded to the visible and
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Table1l. Resultsof Planned Comparison Tests on the Data from the Test Trialsin Experiment 1

Test Trial 3-Month 4-Month 6-Month 8-Month

Auditory F(1, 120)=.50, p=.47 F(1,120)=6.36, p<.025 F(1, 120)=20.79, p<.001  F(1, 120)=30.42, p<.001
Visual F(1, 120)=4.12, p<.05 F(1, 120)=21.21, p<.001  F(1, 120)=33.38, p<.001  F(1, 120)=16.72, p<.001
Aud-Vis  F(1, 120)=7.13, p<.01  F(1, 120)=13.88, p<.001  F(1, 120)=75.98, p<.001  F(1, 120)=61.83, p<.001

audible/visible change, they did not respond to the au-
dible change.

The results from this experiment indicate that 4-,
6-, and 8-month-old infants discriminated the audible,
visible, and combined attributes of a multimodally
represented person. In the present case, the contrasts
that the infants were capable of discriminating in-
volved the difference between a person engaged in the
act of speaking in an adult-directed manner and an-
other person engaged in the act of singing. Even
though 3-month-old infants also responded to the vis-
ible and bimodal changes, in contrast to the older in-
fants, the youngest groups of infants did not respond
to the audible change from AD speech to singing.
Taken together, these findings suggest that sensitivity
to the kinds of audible differences between AD speech
and singing presented here emerges between 3 and 4
months of age.

A comparison of the current findings with those
from Lewkowicz's (1996a) studies reveals one inter-
esting difference. Whereas the 4-month-old infantsin
the current experiment responded to the change in the
person’s audible features, the infants in Lewkowicz's
(19964a) studies did not. The principa difference be-
tween the two studies was that the audible change in
the current experiment involved a change from a fe-
male speaking in the AD manner to a female singing,
whereas the change in Lewkowicz's study was from
AD to ID speech. The fact that responsiveness to the
difference between AD speech and singing is present
2 months earlier supports the prediction that it should
be easier for infants to detect the latter type of differ-
ence presumably because singing is characterized by
greater overall prosody relative to ID speech.

EXPERIMENT 2

The findings from Experiment 1 showed that 4-, 6-,
and 8-month-old infants responded to al three types
of changes in the face/voice compound stimulus but
that 3-month-olds did not respond to the changes in
its audible component. When these findings are con-
sidered together with Lewkowicz's (1996a) earlier

findings, the following pattern emerges. Infants do not
respond to an audible differencein the face/voice com-
pound when the difference is specified by AD speech
even as |late as 8 months of age. In contrast, when the
audible difference is between AD and ID speech, 6-
and 8-month-old infants respond to it, and when the
difference is between AD speech and singing, infants
asyoung as 4 months of age respond to it. This pattern
suggests that the closer that the audible differences
approximate the infant’s real-world experience, the
earlier in development do infants show responsiveness
to the audible features of the face/voice compound. If
that is the case, what other features of the world might
be salient to young infants?

One of the most ubiquitous perceptual distinctions
in the infant’s social world is gender. Infants are con-
stantly exposed to gender differences as they interact
with the people around them and empirical evidence
indicates that they are responsive to the audible, visi-
ble, and combined differencesin gender. For example,
Miller (1983) found that 6-month-old infants respond
to the categorical differencesin the syllable “hi” spo-
ken by males and females and Jusczyk, Pisoni, and
Mullenix (1992) found that even 2-month-olds re-
spond to the categorical differences in syllables spo-
ken by people of different gender. Cornell (1974) and
Fagan and Singer (1979) found that 5- and 6-month-
olds can recognize static faces on the basis of gender,
and Leinbach and Fagot (1993) showed that 9- and
12-month-old infants can perform categorical gender
discrimination of pictures of different faces. Finaly,
Walker-Andrews, Bahrick, Raglioni, and Diaz (1991)
found that 6-month-old infants could match the gender
of avoice with the gender of afacein astudy of cross-
modal matching of dynamically presented faces and
VOiCes.

Given that infants respond to auditory gender dif-
ferences as early as 2 months of age, would infants
younger than 4 months of age also respond to audible
differences inherent in a face/voice compound if gen-
der was one of the differences? That was the question
addressed in this experiment, and to do so, infantsfirst
were habituated to a male speaking in the AD manner
and then were tested with a female who was engaged
in the act of singing.



Method

Subjects. Separate groups of 3-, 4-, 6-, and 8-month-
old infants were tested. There were 32 infantsin each
group, with an equal number of boys and girls. The
mean age of the 3-month group was 14.8 weeks
(SD = .7). Three additional 3-month-old infants were
tested but not used because 2 were fussy and 1 was
inattentive. The mean age of the 4-month group was
19.7 weeks (SD = .8 weeks). Four additiona 4-
month-old infants were tested but not used because 3
fussed and 1 was inattentive. The mean age of the 6-
month group was 28.3 weeks (SD = .8 weeks). Seven
additional 6-month-old infants were tested but not
used because 5 were fussy and 2 were inattentive. The
mean age of the 8-month group was 37 weeks
(SD = .7 weeks). Seven additional 8-month-old in-
fants were tested but not used because 5 were fussy
and 2 were inattentive.

Apparatus and Stimuli. The apparatus and stimuli
were the same asin Experiment 1, with one exception.
In this experiment, a male person was seen and heard
during the habituation phase reciting the same AD
script that the female in Experiment 1 recited. The
average sound pressure level of the male svoicewhile
reciting the script ranged between 62 and 67 dB (A
scale, re. .0002 dynes/cm?). Following the habituation
phase, the same novel female presented in the test
phase of Experiment 1 was seen and heard singing.

Procedure. The procedure was the same as the pro-
cedure used in Experiment 1. Three 3-month-old, two
6-month-old, and two 8-month-old infants were tested
on the parent’s lap.
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Results and Discussion

Figure 3 showsthe habituation data separately for each
age group. Analysis of these data by way of an
Age X Gender X Trias (4 X 2 X 12) repeated mea-
sures MANOVA indicated that, as agroup, theinfants
decreased their looking over the 12 habituation trials.
This was manifest in a significant multivariate trials
effect, Rao R(11, 110) = 4.03, p < .001. An ortho-
gonal trend analysis indicated that the linear ortho-
gona component of this effect was statistically signif-
icant, F(1, 120) = 34.78, p < .001. In addition, the
age effect was significant, F(3, 120) = 29.24, p <
.001. The Sheffé post-hoc test indicated that the age
effect was due to the fact that the 3- and 4-month-old
infants, respectively, looked longer than the 6-month-
old, p < .001, and the 8-month-old, p < .001, infants,
and that the 6-month-old infants looked longer than
the 8-month-old infants, p < .05.

Figure 4 shows the data from the pretest, test, and
posttest trials, separately for each age group. Compar-
ison of the pretest and posttest results by way of a
Trials X Age X Gender (2 X 4 X 2) MANOVA in-
dicated that, like in Experiment 1, there was amargin-
aly significant increase in looking from the beginning
(155 to the end (15.7s) of the test session,
F(1, 120) = 3.57, p < .07. This shows that rather
than becoming fatigued during the test session, the in-
fants actually became more interested as the session
progressed. Additional evidence that the infants did
not become fatigued comes from the finding that the
infants exhibited significant response recovery when
viewing the cartoon segment in the posttest trial,
F(1, 120) = 72.67, p < .001.

The preliminary analysis of the test-trial data by
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FIGURE 3 Mean duration of looking over the 12 habituation trials in Experiment 2, plotted

separately for each age group.
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FIGURE 4 Mean duration of looking during the pretest, test, and posttest trials, plotted separately
for each age group in Experiment 2. Error bars signify standard error of the mean (SEM).

way of an Age X Gender X Trials (4 X 2 X 4)
MANOVA indicated that there was a significant uni-
variate, F(3, 360) = 53.27, p < .001, and multivar-
iate effect of trials, Rao R(3, 118) = 39.7, p < .001,
a significant age effect, F(3, 120) = 3.61, p < .025,
and a significant multivariate Age X Trias interac-
tion, Rao R(9, 287) = 1.89, p = .05. Given the sig-
nificant Age X Trials effect, the test-trial data from
each age were analyzed separately by way of planned
contrast analyses as was done in Experiment 1. The
results of these comparisons can be seen in Table 2
and show that infants of all agesdiscriminated all three
types of changes. Thus, in contrast to the results from
Experiment 1, the current results showed that in ad-
dition to discriminating the changes in the V and the
AV test trids, the 3-month-old infants also discrimi-
nated the audible change.

A comparison of the results from the current ex-
periment and those from Experiment 1 indicates that
whereas the 3-month-old infants in Experiment 1 did
not respond to the audible difference between AD
speech and singing, the infants in the current experi-
ment did. The one critical difference between the two
experiments was that the person spesking in AD and

the person singing were of different gender in the cur-
rent experiment. Thus, it appears that the addition of
gender cue differences to prosody cue differences
made the audible difference salient enough to the 3-
month-old infants.

It is interesting to note that the gender difference
in the current experiment made discrimination of
changes in the audible characteristics of the face/voice
compound possible. This stands in contrast to Lew-
kowicz's (1996a) finding indicating that a gender dif-
ference did not aid in the discrimination of the audible
attributes of a person. The difference in outcome is
most likely due to the fact that in the current experi-
ment gender differed along with a difference between
AD speech and singing, whereas the gender difference
accompanied a difference between two segments of
AD speech in Lewkowicz's (1996a) studies. Thissug-
gests that the combination of a gender and prosody
difference enables young infants (i.e., 3-month-olds)
to detect changes in the audible attributes of a face/
voice compound. At the same time, however, it should
be noted that older infants do not require concurrent
gender differences to discriminate the difference be-
tween AD speech and singing. This suggests that as

Table2. Results of Planned Comparison Tests on the Data from the Test Trialsin Experiment 2

Test Trial 3-Month 4-Month 6-Month 8-Month

Auditory  F(1, 120)=4.20, p<.05 F(1, 120)=4.16, p<.05 F(1, 120)=11.96, p<.001  F(1, 120)=26.94, p<.001
Visual F(1, 120)=5.57, p<.05 F(1, 120)=16.47, p<.001  F(1, 120)=35.17, p<.001  F(1, 120)=37.00, p<.001
Aud-Vis  F(1, 120)=7.46, p<.01  F(1, 120)=21.57, p<.001  F(1, 120)=47.47, p<.001  F(1, 120)=50.71, p<.001




development progresses, infants become increasingly
more responsive to various audible attributes of face/
voice compounds and that, as a result, there is a shift
from aninitial reliance on multiple discriminative cues
to alater ability to respond on the basis of single cues.

GENERAL DISCUSSION

The present experiments extend previous studies of
infants' response to the audible, visible, and bimodal
attributes of human faces. The previous studies (L ew-
kowicz, 1996a) showed that 4-, 6-, and 8-month-old
infants did not respond to audible differences between
different samples of continuous AD speech, even
though they did respond to the visible and bimodal
differences between such samples of AD speech. In
addition, the previous studies showed that when in-
fants were asked to discriminate between a sample of
continuous AD speech and a sample of continuous ID
speech, 6- and 8-month-old infants responded not only
to the visible and bimodal differences but to the au-
dible difference as well, whereas 4-month-old infants
did not respond to the audible difference. These find-
ings raised the question of whether the 4-month-old
infants were unresponsive to audibly specified pros-
ody differences in general, or whether they were un-
responsive to the difference between AD and ID
speech in particular. Consequently, the objective of the
current experiments was to investigate this question
by examining responsiveness to other types of pro-
sodic variations normally present in an infant’s eco-
logical setting.

Utilizing methods similar to those used in the prior
studies (Lewkowicz, 1996q), infants werefamiliarized
with a person speaking in the AD manner and then
were given a series of test trials during which another
person either could be heard, seen, or heard and seen
singing. The results from Experiment 1 indicated that
the 4-month-old infants' failure to respond to the au-
dible differences in Lewkowicz's (1996a) studies did
not reflect ageneral insensitivity to audible differences
in prosody in the multimodal context. Specifically, the
results from Experiment 1 indicated that infants as
young as 4 months of age responded not only to the
visible and bimodal differences between AD speech
and singing, but that they also responded to the audible
differences. This finding suggests that the kinds of ex-
aggerated prosody and spectral cues characteristic of
singing are more salient to 4-month-old infants than
are those characteristic of ID speech. The findings
from the 6- and 8-month-old infants confirmed and
extended the prior findings in showing that 6- and 8-
month-old infants can discriminate the audible, visi-

Infants’ Response to Multimodal Faces 271

ble, and bimodal attributes of faces not only when
these attributes are specified by the difference between
a person speaking in the AD and ID manner but also
when they are specified by the difference between a
person speaking in the AD manner and a person sing-
ing.

The new and interesting finding in the current stud-
ieswas that 3-month-old infants did not respond to the
difference between what might be described as alow-
prosody-variation event (AD speech) and a high-
prosody-variation event (singing) in Experiment 1.
This raised the same question that was raised with re-
gard to the 4-month-old infants' response to AD—ID
speech differences, namely, is this difference not sa-
lient enough and/or are the infant’s perceptual capac-
ities not differentiated enough to detect this differ-
ence? To test this question, the infants in Experiment
2 were provided with the additional discriminative cue
of gender that is known to be discriminable to infants.
As expected, when provided with a gender difference
together with a difference in the degree of prosody
variation, the 3-month-old infants, like the older
groups of infants, discriminated the audibledifference.
It is unlikely that the successful discrimination of the
audible difference by the 3-month-old infantswassim-
ply aresponse to the gender difference because Lew-
kowicz (1996&) showed that gender differences them-
selves are not sufficient for infants to respond to the
audible differences in face/voice compounds differing
in their AD characteristics. Thus, the most conserva-
tive interpretation of the finding is that the 3-month-
old infants relied on the combination of gender and
prosody differences to make the successful discrimi-
nation.

It could be argued that the successful discriminative
response in the A and V test trials does not mean that
infants successfully detected the audible and visible
differences between AD speech and singing. Rather,
because a change in the lexical/semantic content of the
utterance in the A test trial and a disruption of audio—
visual synchrony in both the A and V test trials oc-
curred during these two trials, it might be argued that
these two differences were responsible for the suc-
cessful discrimination. This possibility can be ruled
out for three reasons. First, infants of all ages re-
sponded to the bimodal change despite the fact that
audio—visual synchrony was not disrupted in that trial.
Infact, and in direct contrast to the argument that tem-
poral asynchrony might have contributed to the suc-
cessful discrimination, is the finding that the response
to the bimoda change was consistently the most ro-
bust even though asynchrony was not involved in that
trial at al. Second, the 3-month-old infants in Exper-
iment 1 and the 6- and 8-month-old infants in Lew-
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kowicz's (1996a) studies responded to the change in
the V test trial but did not respond to the changein the
A test trial. For of the 3-month-old infants, this dif-
ference was between AD speech and singing and in
the case of the two older groups it was the difference
between different segments of AD speech. If adisrup-
tion of synchrony were a salient aspect of the test tri-
als, then the infants should have responded to the
change in the A test trial. Evidence indicates that in-
fants are capable of responding to auditory—visual
asynchrony (Lewkowicz, 1992, 1996b). Findly, it
should be noted that in studies utilizing the same test-
ing procedures, Lewkowicz (1996a) found that 4-
month-old infants did not respond to the change in
either the A or the V test trials even though audio—
visual synchrony was disrupted in each type of test
trial, and even though the lexical/semantic content of
the utterance changed in the A test trial. In sum, the
weight of the evidence strongly suggests that neither
synchrony disruption nor lexical/syntactic content dif-
ferences played a significant role in the differential
responsiveness observed in the current experiments.

When the current findings are compared with pre-
vious findings from studies of infants' responsiveness
to the multimodal properties of the human face, they
suggest that the exaggerated prosody cues and exag-
gerated spectral cues associated with various forms of
multimodally represented, infant-directed communi-
cative acts may depend to some extent on the specific
properties of the cues. Thus, the findings from the cur-
rent experiments show that infants as young as 4
months of age can discriminate between the audible
features of multimodally specified AD speech and
singing in same-gender individuals, and that infants as
young as 3 months of age can make such discrimina-
tionsin different-gender individuals. In contrast, L ew-
kowicz's (1996a) findings showed that 4-month-old
infants do not respond to the audible difference be-
tween multimodally represented AD and ID speech.
The two findings of 4-month-old infants' failure to
respond to the audible component of 1D speech in con-
junction with the current finding of successful discrim-
ination of the difference between AD speech and sing-
ing suggests that singing carries additional prosody
and spectral cues which are presumably more salient.
In addition, the current findings suggest that the
prosody and spectral cues associated with singing are
sufficiently salient to infants as young as 4 months
of age in a same-gender context and to infants as
young as 3 months of age in a different-gender con-
text that they are able to ignore unchanging and dis-
crepant visua information and detect the audible
change.

Although the present findings do not provide any
direct information on what specific features of the dif-

ference between AD speech and singing might have
mediated responsiveness, investigations of infants' re-
sponsiveness to music provide some suggestions re-
garding the cues that might have served as the basis
for the discriminations. One of the most consistent
findings from such investigations is that infants' re-
sponsiveness to musical patterns is dominated by
pitch-contour and pitch-range processing (Trehub et
a., 1993). This suggests that the earlier emergence of
responsiveness to the difference between AD speech
and singing relative to the emergence of responsive-
ness to the difference between AD and ID speech is
likely dueto greater variationsin pitch contoursin the
singing presented in the current experimentscompared
to the ID speech presented in Lewkowicz's (1996a)
studies. It isalso likely that exaggerated prosody cues
contributed to the successful response, although the
relative contribution of exaggerated prosody cues can-
not be determined.

The current findings also provide some interesting
insightsinto the power of the visible attributes of faces
in determining responsiveness to the concurrent au-
dible attributes of the face. The findings from Exper-
iment 1 indicated that the 3-month-old infants did not
respond to the audible difference between AD speech
and singing even though they responded to the visible
and bimodal differences. Lewkowicz (1996a) also
found instances where infants did not respond to the
audible differences between different segments of AD
speech spoken by different people or where 4-month-
old infants did not respond to the difference between
AD and ID speech even though in all of these cases
the infants responded to the visible and bimodal dif-
ferences. Could it be that the visible properties of the
face can sometimes overrideits audible properties and
suppress responding to the audibl e attributes? Findings
on infants' responsiveness to sentential prosody sug-
gest that this might be the case. Mandel, Jusczyk, and
Kemler Nelson (1994) showed that infants as young
as 2 months of age respond to sentential prosody; after
being habituated to a sentence, the infants exhibited
response recovery when two of the words in the sen-
tence were changed. If infants as young as 2 months
of age are responsive to sentential prosody presented
in the auditory modality aone, then the findings of
infants' failure to respond to differences between dif-
ferent segments of AD speech, to differences between
AD and ID speech, or to differences between AD
speech and singing in the presence of the face, al of
which not only differed in sentential prosody but in a
number of other ways, suggest that the face probably
played some role in the infants responsiveness to the
audible information. This effect could have been either
the result of the suppression of the responsiveness to
the audible information by the visible alone, or could



have been the result of the combination of visible sup-
pression and perceptual insensitivity to the audiblein-
formation. Future studies need to disentangle these
possibilities.

In conclusion, Lewkowicz's (19964) and the cur-
rent findings suggest that the timing underlying the
emergence of responsiveness to various audible and
visible attributes of multimodally specified faces is
likely to be the result of acomplex interaction between
the sensory/perceptual status of the infant at a given
point in development and his or her experience up to
that point in development (Gottlieb, 1991; Lewkowicz
& Lickliter, 1994b; Thelen & Smith, 1994). The re-
sponse propensities resulting from this kind of dy-
namic interaction between experience and growth act
on theinformation provided by theinfant’ssocial part-
ner to determine responsiveness at each point in
development. At any one time in development, the
perceptual system possesses a range of response ca-
pacities and the most effective way to uncover this
range of response capacitiesis by studying theinfant’s
response to a range of stimulation (Lewkowicz &
Lickliter, 1994b). Thus, infants can appear to be either
more or less sophisticated depending on the type of
information that is presented. For example, infants ap-
pear to be relatively unresponsive to audible differ-
ences between different segments of AD speech even
as late as 8 months of age. In contrast, when audible
differences between AD and ID speech are presented,
infants exhibit responsiveness by 6 months of age.
When differences between AD speech and singing are
involved, infants exhibit even more impressive abili-
ties in that they respond to such differences as early
as the 4th or 3rd month of life depending on concom-
itant gender attributes. There is little doubt that these
kinds of developmental differences reflect the inter-
action between differential experience and inherent
changes in sensory/perceptual capacities. In addition,
infants can appear to be more or less sophisticated de-
pending on the response system tested. For example,
when affective responsivenessis measured, infants ex-
hibit sensitivity to AD and ID speech contrasts even
though they do not evidence such sensitivity when vi-
sual preferences are measured (Fernald, 1993) and
they exhibit such sensitivity earlier in development
than they do when visual preferences are measured
(Pegg et d., 1992). This suggeststhat differential mat-
uration of different response systems must be consid-
ered along with differential experience, inherent
changes in sensory/perceptual capacities, and proper-
ties of the stimulus events when attempting to under-
stand the development of the kinds of perceptual
capacities exemplified by responsiveness to multimo-
dally represented socia events (Lewkowicz & Lick-
liter, 1994b).
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