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Two experiments were independently conducted in separate labs to determine
whether infants are sensitive to intermodal information specifying gender across
dynamic displays of faces and voices. In one study, 4- and 6-month-old infants were
presented simultaneously with a single videotape of a male face and a female face
accompanied by a single voice for two 2 min trials. In the second study 3 % and 6
2 month olds were also presented videotapes of male and female faces accompa-
nied by a single voice but for a series of short trials. Temporal synchrony between
face and voice was controlled in both studies by presenting both male and female
faces speaking in synchrony with a single soundtrack. In both experiments the 6
month olds showed evidence of matching faces and voices on the basis of gender.
They significantly increased their looking to a face when the gender-appropriate
voice was played. Four month olds gave evidence for matching the faces and voices
based on gender information only on the second trial of Experiment 1, whereas the
3 ¥ month olds failed to show any preferential looking.

Studies of infants’ intermodal perception have continued to appear in the
literature, perhaps because they hold promise for distinguishing between several
perspectives on the development of perception. One unresolved question con-
cerns whether infants’ sense modalities are integrated or differentiated at birth.
According to an integration-association view, sensations from different recep-
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tors are separate at birth and the developmental task is to coordinate them to
achieve a single percept (e.g., Birch & Lefford, 1963; Bryant, 1974; Piaget, 1954).
Another view, attributed primarily to Bower (1974), asserts that the newborn
infant is born with undifferentiated perceptual systems and, with development,
differentiation occurs. Initially, there is a primitive unity, which means that the
infant is unaware even of whether an object is seen, heard, or felt (Bower, 1974).
Our view, drawn from the theories of J.]. Gibson and E.J. Gibson (E.]. Gibson,
1983), holds that detection of invariant relations underlies the development of
perception. It emphasizes that objects and events in the world are specified by
redundant information abstracted through several sense modalities: “The five
perceptual systems correspond to five modes of overt attention. They have
overlapping functions, and they are all more or less subordinated to an overall
orienting system” (J.]J. Gibson, 1979/1986, p. 245). To focus entirely on the
question of separability or unity is to neglect that the “achievements of the
perceptual systems are specific to the qualities of things in the world, especially
their affordances” (J.]. Gibson, 1979/1986, p. 246). From this view, our task is to
determine to which intermodal correspondences infants are sensitive, delineate
the limits and mechanisms underlying such sensitivity, and discover how these
mechanisms develop. Insofar as an infant detects amodal invariant information
over time, his or her perceptions will be of objects and events and their potential
affordances rather than separate sensory impressions. We present data here from
infants of 3 ¥, 4, and 6 months old that speak to their ability to detect a match
between same gender faces and voices.

Infants are remarkably sensitive to amodal invariant relations: They detect
temporal synchrony, tempo of action, rhythm, changing distance, and affective
information uniting visual and acoustic presentations (e.g., Bahrick, 1983, 1988;
Dodd, 1979; Mendelson & Ferland, 1982; Spelke, 1979; Walker, 1982; Walker-
Andrews & Lennon, 1985). Some limitations on infants’ abilities have been
discovered as well. For example, Spelke, Born, and Chu (1983) found that
infants matched impact sounds with either the sight of an object hitting against
a surface or a simple change in trajectory of motion with no visual impact. The
developmental pattern seems to be toward increasing specificity, because adults
in the study required that a sound co-occur with a visual impact. Thus,
perceptual learning may lead to refinement of the detection of invariants.

In this set of experiments, we examined infants’ perception of information for
gender across the visual and auditory modalities. Gender is a naturally occurring
class to which infants typically have been exposed. Information specifying
gender is available across both the visual and acoustic modalities, but the
relationships between face and voice are difficult to delineate. We can identify
faces as male or female most of the time, but it is hard to judge what information
is critical. Likely candidates include size of features, perceived height of cheek-
bones (see Fagan & Singer, 1979), as well as culturally specific variations such as
facial hair or hair length. For voices, men’s tend to be lower pitched, although
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there is overlap. In addition, vowels produced by a man are different in formant
frequencies from those produced by a woman or a child (Peterson & Barney,
1952). These variations are perceived primarily as a difference in timbre. Such
differences result primarily from the length of the supralaryngeal vocal tract and
the size of the vocal cords. (For a discussion of the anatomy and physiology of
speech, see Lieberman & Blumstein, 1988; Tartter, 1986.) These may also have
visible correlates: The human male adult tends to be larger —he has a longer and
bigger throat, protuberant Adam’s apple, larger face, and larger chest. Thus
infants could learn to match same gender faces and voices by (a) detecting
invariant audio-visual relations, (b) learning to associate modality-specific
information and generalizing to gender categories, or (c) both. In any event, it
first must be established whether infants match faces and voices according to
gender, and if so, at what age this ability appears.

In general, research about infants’ perception of gender information has
shown that by about 7 months, infants perceive similarities among same gender
faces and same gender voices. Cohen and Strauss (1979) found that infants at 30
weeks, but not younger, showed a transfer of habituation to both a female face
they had seen during a habituation sequence and to a novel female face (see also
Cornell, 1974; Fagan, 1976, 1979; Fagan & Singer, 1979; Leinbach & Fagot,
1986). With voices, Miller, Younger, and Morse (1982) found that 7 month olds
could discriminate between male and female exemplars. Miller (1983) further
demonstrated categorization of voices by gender. In a habituation procedure,
infants as young as 6 months showed renewed interest to a voice from a new
gender category but not to one of the same gender category.

A few studies have also assessed the infants’ ability to relate specific face and
voice information for male and female actors. Spelke and Owsley (1979) tested
infants in an intermodal preference procedure using the faces and voices of the
infants’ mothers and fathers. Infants of 3 1 to 7 %2 months looked preferentially
to the parent whose voice was heard. It cannot be determined from this study,
however, whether infants were using information related to gender or whether
intermodal matching was based on more idiosyncratic information learned
through extensive experience with their particular parents.

To address this issue, Miller and Horowitz (1980) presented 8 month olds with
paired slides of unfamiliar male and female faces along with male or female taped
voices. Although subjects tended to ook longer at a face when the gender-
appropriate voice was played, this matching effect held only for the male voices
and faces. Earlier, Lasky, Klein, and Martinez (1974) had tested 5- and 6-month-
old infants with paired photographs of a man and woman, a man and a boy, or
a woman and a boy, accompanied by each voice of the pair in sequence. Infants
looked longer at the male photograph and showed a visual preference for the
voice-appropriate photographs only when the woman was paired with the boy’s
face. Together, these findings provide little evidence for intermodal knowledge
of faces and voices according to gender categories. Furthermore, in both studies,
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use of a static face with a voice precluded intermodal matching on the basis of
dynamic relations.

Francis and McCroy (1983) investigated infants’ sensitivity to dynamic,
bimodal presentations of male and female adults. Infants of 3, 6, and 9 months
were shown a male face and a female face accompanied by a female voice, a male
voice, or music. However, two separate video monitors were used for the visual
presentations, making it unlikely that the two faces and accompanying voice
could have been precisely synchronized throughout. Thus, the role played by
voice-face synchrony could not be determined. Results revealed that 6-month-
old infants who heard the male voices looked longer at the male faces compared
with infants who heard music or female voices. Infants who heard the female
voices looked longer at the female faces compared to infants who heard male
voices but not significantly more than infants who heard music. In contrast, the
3 month olds looked longer to the female face regardless of the auditory
condition, whereas the 9 month old exhibited no significant looking preferences
at all. These mixed results allowed no firm conclusions.

In conclusion, little is known about when and under what conditions infants
are able to relate dynamic faces and voices based on gender. Furthermore,
research using dynamic displays requires ruling out bases of face-voice matching
other than gender, such as audio-visual synchrony, tempo of action, and
amount and type of affect. Because infants as young as 4 months can match
visual and acoustic information using both of these temporal invariants (e.g.,
Bahrick, 1983, 1988; Dodd, 1979; Spelke, 1979, 1981; Walker, 1982), as well as
affective expression (Walker, 1982; Walker-Andrews, 1986), special attention
must be given to equating the male and female voice-face displays for these
variables.

OQur research asked whether young infants could detect intermodal relations
in dynamic male and female faces and voices, while eliminating the potential
confounds just mentioned. Furthermore, given the importance of independent
replication with different stimulus materials, experimenters, and procedures in
infant research, two studies were carried out independently by different research
labs. The first and second authors agreed on the research question, ages to be
tested, and the importance of the aforementioned controls and otherwise
worked independently. The age groups were selected to assess our hypothesis
that matching based on gender information would develop between 3 and 6
months. The resulting studies reflect the ecological diversity normally observed
in separate manuscripts, yet the discussion benefits from converging findings.
Each study assessed whether 3- to 4- and 6-month-old infants could detect
intermodal relations uniting the faces and voices of men and women in
dynamic, carefully controlled presentations. Two similar methods were used. In
both studies infants were shown videotapes of a male and female speaking side
by side along with a single soundtrack corresponding to one of them but
synchronized with the motions of both. Tempo of action and temporal
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synchrony between the voice and lip motions were controlled by presenting the
auditory passage in synchrony with the motions of both the male and female
actors simultaneously. In addition, special attention was devoted to equating the
male and female actors for both facial and vocal affect. Given these controls, the
infants’ ability to match male faces with male voices and female faces with female
voices suggested that the infant is capable of detecting information specifying
gender across the visual and acoustic modalities.

Differences between the two studies included length of stimulus presentation,
number and sequence of voice-accompanied trials, auditory passages, and the
male and female models. By using different pairs of male and female actors,
different variations of the intermodal preference procedure, and two labs, we
could test the generality of any intermodal matching across stimuli, procedures,
and context. In addition, by including the results in a single article, we had the
unusual opportunity of asking the same questions with two sets of data collected
from different samples.

EXPERIMENT 1
This study was conducted under the supervision of Arlene Walker-Andrews.
Method

Infant observers. Sixteen 4 month olds (8 boys and 8 girls with a M age of
129.4 days, SD = 9.1 days) and sixteen 6 month olds (8 boys and 8 girls with a
M age of 179.1 days, SD = 8.23 days) participated. Data from 11 additional
infants (8 4 month olds and 3 6 month olds) were collected but eliminated
because of experimenter error or excessive fussing.

Stimulus materials. Color videotapes were used in this experiment. Each
videotape depicted both a male and female adult standing side by side, speaking
continuously with neutral facial expressions. Each person recited The Twelve
Days of Christmas for 2 min. Both individuals were White, had dark brown hair,
and blue eyes. The man’s hair covered the tips of his ears; the woman’s was chin
length. A Panasonic video camera (Type WV-3180) was used to record the
actors, including a view of the face and shoulders only. Synchrony between the
face and lip movements was accomplished by having the actors stand together
and recite the poem simultaneously. One videotape was made of the man
standing to the right of the woman and one videotape of the man standing to the
left of the woman. Copies were made of each videotape and then each actor
dubbed his or her voice onto two of the four copies (man left, male voice dubbed;
man left, female voice; man right, male voice; man right, female voice). The
actors were instructed to maintain a neutral face and voice throughout the
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videotaping and audio-dubbing. Four adult observers who viewed each
actor-voice combination (while the other actor was masked from view) reported
that although the female voice seemed odd coming from the male actor (and vice
versa) asynchrony was not evident.

Apparatus and procedure. Infants were seated in a standard infant seat
about 80 cm from the display. A flashlight centered above the display attracted
the infant’s visual attention before each presentation. An aperture below or to
the left (when there were two observers) of the display permitted a trained
observer to monitor an infant’s fixations. Although the observer could hear
each soundtrack, she was unaware of the lateral positions of the male and female
actors; she depressed buttons connected to an event recorder to indicate
whether an infant was looking to the right or left. Fixations judged off screen or
at center were not recorded. Interobserver reliability for 25% of the infants
averaged .96 (see Bahrick, Walker, & Neisser, 1981).

The videotapes were presented on a 19” color monitor (Panasonic Model No.
BT-S1900N; video cassette recorder Panasonic NV-8350). A large Fresnel lens
(73.7 X 54.6 cm) was placed in front of the monitor to magnify the videotaped
image of the two faces.! The soundtrack for each videotape was played through
a speaker above the images. The soundtrack averaged 50 to 55 dB at the infants’
position, although there were variations in amplitude for a voice during a trial.
Therefore, each infant viewed a single videotape during a trial so that synchrony
between the actors could be maintained, but the videotaped image was magni-
fied so that the faces were nearer life-size and so that an observer could monitor
fixations more accurately.

Infants viewed two videotapes, each of a male and female actor side by side,
for two trials. On the first trial, the film was accompanied by one soundtrack
{e.g., male voice), and (after a 2 to 3 s interval) on the second trial it was
accompanied by the other soundtrack (e.g., female voice). Each of the trials
lasted 2 min. Order of soundtrack and lateral position of the first sound-specified
individual were counterbalanced across subjects. For half the infants, the lateral
position of the male and female actors was switched from Trial 1 to Trial 2,
whereas for the other half, it remained constant.

Results and Discussion

Duration of fixation to each actor (fixation to the left, fixation to the right) was
recorded for each infant. These fixation times were expressed as the proportion
of total looking time (PTLT; number of seconds fixation to one actor divided by
number of seconds fixation to both) and included in a number of analyses. The

"Because of this setup the infants were actually looking at a virtual image which subtended a visual
angle of 18°.
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primary measure of interest was the difference in PTLT to the female actor when
accompanied by the gender-matching voice as contrasted with the mismatching
(male) voice. Because these proportions are taken from two different trials, they
are independent and can be statistically compared. Therefore, difference scores
were also calculated for each infant by subtracting the PTLT to the female face
when the voice was mismatched from that to the female face when the voice was
gender-matched. (Difference scores for the male face when it was sound-specified
vs. mismatched are the reciprocal of that derived for females and thus are not
discussed further.) These results are presented in Table 1 and show fixation time
(in seconds), PTLT (for sound-matched vs. mismatched films) and difference
scores for infants at each age. Analyses conducted on these and other measures
are given next.

Qverall the infants (4 and 6 month olds combined) looked to the films about
70% of the time available. On Trial 1 TLT averaged 88.33 s (SD = 20.79) and on
Trial 2, 80.71 s (SD = 20.82). Fixation, although high throughout, declined
across the two 2 min trials, t(31) = 2.07, p = .047, two-tailed.?

A 2 X 2 X 2 analysis of variance (ANOV A) was conducted comparing the
difference scores for the 4- and 6-month-old infants to determine whether there
were any differences in looking attributable to the age of infant, sex of infant, or
to whether the sound-specified film occurred on the same or different sides on
each trial. There were no significant main effects for age, F(1, 24) = .19, p = .666;
sex, F(1,24) = .74, p = .397; side change or not, F(1, 24) = 1.29, p = .266. The
interaction of age and sex approached significance, F(1, 24) = 3.46,p = .075, as
the difference scores for 4-month-old boys were at zero (—.003), compared to a
mean of .254 for the remaining Age X Sex groups. No other interactions were
significant for Age X Side Change, F(1, 24) = .00, p = .983; Sex Xx Side
Change, F(1, 24) = .04, p = .843; Age X Side Change X Sex, F(1, 24) = .00,
p = .946.

To address our primary question, whether infants demonstrate audiovisual
matching based on information for gender and at what age, PTLT’s and
difference scores were examined separately for each age group. The 6 month olds
looked differentially to the videotaped actors. They markedly increased their
looking time to a particular person when that person’s voice was heard,
compared with when the other gender voice was played. The average PTLT
directed at the female face when it was voice mismatched was .410 and .575
when it was accompanied by the matching voice, t(15) = 2.32, p < .05. On
average, 6 month olds spent a significant PTLT (M = .582) fixating the
sound-matched films, ¢(15) = 2.31, p < .05, according to a single-sample t test
against the chance value of .50. At the individual subject level, 12 of the 16
infants showed a greater PTLT to the sound-matched film than the mismatched
film. This is significant (p < .05) according to a binomial test. Thus, the 6

?All statistical tests reported were two-tailed.
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month olds looked longer at matching dynamic displays of male faces and voices
and female faces and voices both across trials and at the individual level.

Within trials, the 6 month olds showed a significant PTLT to the sound-
matched film on Trial 2, M = .642, t{15) = 2.76, p < .05; this proportion was
not significant for Trial 1 alone, M = .523, t(15) = .409, p > .10. Further
analyses assessed preferences for the male face versus the female face and for
lateral position. Independent of the sound manipulation, infants did not show
preferential looking at the male or female faces—mean PTLT to the male face
was .518, t(15) = .70, p > .10. They did, however, show a nonsignificant
tendency to look to the right side of the screen, M = .579, t(15) = 1.93,p < .10.

In contrast, the 4-month-old infants did not demonstrate intermodal
matching across trials. Although these infants tended to increase their looking
time to a particular actor when that person’s voice was played, compared with
when the other gender voice was played, that increase was not significant. The
average PTLT directed to the female face when it was voice mismatched was .343
and when it was voice matched .506, t(15) = 1.55, p < .10. Overall, the
proportion of looking time to the sound-matched face averaged .581, t(15) =
1.55, p < .10. Eleven of the 16 infants looked longer than 50% of the time to a
face when the gender-appropriate voice was played (p > .05 according to a
binomial test).

Within trials, the PTLT to the sound-matched face was greater on Trial 2 (M
= .636) than Trial 1 (M = .526). The PTLT for Trial 1 was not different from
chance, t(15) = .365, p > .10, whereas that of Trial 2 alone exceeded .50, t(15)
= 2.14, p < .05. Four month olds thus demonstrated matching based on gender
information for Trial 2 alone. Further analyses assessed whether the 4 month
olds showed evidence of a preference for the male or female face or a lateral
position, independent of the sound manipulation. Results indicated no signifi-
cant preference for the male or female face, M = .425,t(15) = 1.82,p > .10, or
for one side of the screen over the other—right side, M = .536, t(15) = .59,p >
.10, according to single-sample ¢ tests against the chance value of .50.

Overall, 6 month olds showed matching based on information for gender
across both trials according to the PTLT and difference score measures, as well
as at the individual subject level. Four month olds gave no evidence of matching
across trials but did show a matching effect for Trial 2 alone. Perhaps it took
these younger infants more time to abstract the intermodal relations, enabling
them to match faces and voices by the second half of the procedure.

EXPERIMENT 2

This study was conducted under the supervision of Lorraine E. Bahrick. Because
this study and Experiment 1 were independent replications, many details of the
stimulus displays, apparatus, and procedures differed, as well as the reporting of



BIMODAL PERCEPTION OF GENDER 65

results. These variations across studies were preserved to enhance external
validity of the findings should they be parallel.

Separate stimulus films were developed for this study with new male and
female actors and auditory passages. In addition, the methods for achieving
synchrony between the motions of the male and female video displays differed,
as did the number, length, and presentation format of the preference trials. Key
aspects of the procedure, however, were replicated from one study to the next.
That is, videotaped images depicting a male and female actor were presented side
by side, along with a single soundtrack that was synchronized with the lip
motions of both actors but was gender appropriate to only one of them.

Method

Infant observers. Twenty-four 3 %2 month olds (14 girls and 10 boys, with a
M age of 106.6 days, SD = 5.8 days) and twenty-four 6 % month olds (14 girls
and 10 boys, with a M age of 195.8, SD = 4.3 days) participated. Data from 14
additional infants (ten 3 ¥2 month olds and four 6 month olds) were collected
and eliminated from the study because of experimenter error (n = 7) or excessive
fussiness (n = 7).

Stimulus materials. Two sets of color videotapes were made, each depicting
a man and a woman reciting a nursery rhyme, This Old Man, for 2 min at about
55 dB. One stimulus set depicted a man and woman, both with light hair, blue
eyes, and fair coloring, and the other a man and woman, both with dark brown
hair, brown eyes, and darker coloring. Both men had fairly short hair, and both
women had shoulder length hair. A Panasonic video camera (Type WV-3170)
was used to record the actors, including a view of the face and shoulders only.
Synchrony between the face and lip motions of the male and female actors was
accomplished by having each actor synchronize his or her speech and lip
motions with that of a videotaped model. Furthermore, to ensure similar affect
across individuals, the actors also mimicked the facial expressions of the model,
specifically rehearsing the timing of all smiles and eyebrow movements. Then, to
ensure that the degree of face-voice synchrony was similar across conditions,
each actor dubbed his or her voice onto the final video image of his or her
speaking face. Finally, as a double check to determine whether matching of faces
and voices could be performed based on affect or amount of animation, adult
judges rated the moving faces (n = 6) and the voices (n = 5) according to how
happy and animated they seemed. Judges showed no ability to match faces and
voices on the basis of these aspects. In fact, most judges (four out of five) agreed
that although the moving face of the male brunette seemed happier and more
animated than that of the female brunette, none thought that his voice sounded
happier or more animated; rather, most thought that the voice of the woman
was more animated and happy sounding. A mismatching pattern was also found
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for the blond pair. Most judges agreed that the female face seemed happier and
more animated than the male face, although none thought that her voice
sounded happier. Thus, we were confident that any evidence of matching on the
part of infants would not be a result of matching on the basis of face-voice
animation or affect.

Apparatus and procedure. Infants were seated in a standard infant seat
facing two color video monitors (Panasonic BT-S1900N) about 50 cm away. A
column of colored lights and a small mechanical toy dog were positioned
between the monitors to attract the infant’s gaze between trials. Black
posterboard enclosed the video monitors. Two apertures, one between them
and the other to the left of center, were cut into the posterboard from which
observers could monitor the infants’ visual fixations. A trained observer, blind
to the lateral positions of the display, monitored visual fixations by depressing
one of a set of two buttons to indicate whether the infant was fixating the right-
or left-hand display. A second observer monitored visual fixations for 31 of the
subjects. Interobserver reliability, expressed as a Pearson product-moment
correlation between the looking proportions derived from the primary versus
secondary observer was .97.

All stimulus displays were presented via one of two Panasonic video decks
(NV-8500 and AG-6300) that were connected to an edit controller (Panasonic
NV-A500). The edit controller allowed us to precisely synchronize the output
from two video films (to the nearest .02 s), so that the lip movements of the male
and female speaker could be kept aligned throughout the stimulus presentation.
All soundtracks emanated from a speaker located midway between and just
below the two video screens.

Infants viewed sixteen 20 s trials comprised of two blocks of 8 trials. Each
block was identical for an infant allowing for comparison of an infant’s perfor-
mance from one block to the other because the procedure was lengthy. Each
trial depicted a man and a woman, side by side, speaking in synchrony with one
another, along with the synchronized soundtrack appropriate to one of them.
The order of soundtrack presentation (male voice, female voice) was semi-
random, with the restriction that each infant received four presentations of each
voice in each trial block and that a particular soundtrack was played no more
than twice in succession. A given random soundtrack order was selected for
each infant for the first block of 8 trials and this order was then repeated for the
second block of 8 trials. The intertrial interval was approximately 4 s long and
the infant’s visual attention was attracted to center during this interval by the
flashing lights and toy dog. Half of the infants of each age group received the
stimulus set depicting the dark-haired actors, whereas the other half received the
set depicting the light-haired actors. The lateral positions of the male and female
video displays were counterbalanced across infants with each stimulus set
condition. Half received the man on the right and the woman on the left
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throughout the 16-trial session, whereas the other half received the opposite
arrangement. Thus, although the position of the male and female visual display
remained constant across trials for a given subject, the male and female auditory
displays varied randomly across trials.

Results and Discussion

Overall, infants looked to the films about 205 s out of the total 320 s (64% of the
time). TLT for the first block of 8 trials was 110.42 s and for the second block of
8 trials was 95.47 s. Visual fixations were expressed as the PTLT infants fixated
the sound-matched display on each trial, and these proportions were averaged
across each trial block (Trials 1 to 8 and Trials 9 to 16) to obtain a mean PTLT
to the sound-matched display. A grand mean PTLT was also derived by
averaging across the two blocks for each subject. Note that the two trial blocks
represent essentially two independent replications of the procedure. Further-
more, as in Experiment 1, difference scores were calculated for each trial block
reflecting the PTLT to the female actress when the gender-matching voice was
played minus the PTLT to the female actress when the mismatching male voice
was played. As described for Experiment 1, positive difference scores indicate
greater looking to the voice-matched face whereas negative scores indicate
greater looking to the voice-mismatched face. Results of the study are depicted
in Table 2 and parallel the format given for Experiment 1. The table displays the
seconds fixation time and PTLT for sound-matched versus mismatched films, as
well as difference scores for each block of trials at each age.

Observers reported that subjects seemed fatigued and more fussy toward the
end of the session (possibly because of the numerous trials, see Lasky et al.,
1974). Subsequent analyses confirmed our observations. Both the 3 % and 6
month olds showed a decrease in total looking to the video displays during Trials
9 to 16 as compared with Trials 1 to 8. Six month olds looked an average of 99.5
s (62% of the time available) during Trials 1 to 8 and 81.9 s (51%) during Trials
9to 16,t(23) = 4.55, p < .0001; 3 month olds looked an average of 119.3 s (75%
of the time available) during Trials 1 to 8 and 109.1 s (68%) during Trials 9 to 16,
t(23) = 1.95,p < .10.

To assess any differences across age and trials in looking to the sound-
matched film, a two-way ANOVA with age as a between-subjects factor and
trial block (1 to 8; 9 to 16) as a within-subjects factor was conducted on the
looking proportions. There were no significant main effects of age, F(1, 46) =
.58, p > .1, or trial block, F(1, 46) = 2.04, p > .1, or an interaction, F(1, 46)
= .46, p > .1. Thus, infants did not differ across age or trial block in their
tendency to watch the gender-specified display. Given that the effect of trial
block was not significant and because subjects were significantly less attentive
during the second half of the study, for subsequent analyses, more importance is
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given to results derived from the first block of 8 trials as opposed to the second
block of 8 trials.

To address the primary research question, that is, whether infants showed
evidence of matching based on gender information at either age, ¢ tests were
conducted separately for each age and each block of trials on the PTLT directed
toward each face when it was sound-matched versus mismatched (difference
scores). Six month olds showed significant evidence of matching on the first
block of 8 trials, t(23) = 2.16, p < .05. Their PTLT to the male face averaged
.551 when the male voice was played and only .471 when the female voice was
played. Conversely, PTLT to the female face averaged .529 when her voice was
played and .449 when the male voice was played. Six month olds showed a
significant increase in looking to the male and female faces when the gender-
matched voices were played. This effect was not significant during the second
block of 8 trials, t(23) = .30, p > .10. On average 6 month olds spent a
significant PTLT fixating the sound-matched films during Trials 1 to 8, M =
.540, ¢(23) = 2.17, p < .05, but showed no significant evidence of matching
during Trials 9 to 16, M = .506, t(23) = .06, p > .10.

At the individual level, for the first block of 8 trials, 16 of the twenty-four 6
month olds showed greater looking to the sound-matched face than to the
sound-mismatched face. According to a binomial test this was significantly
greater than chance (p < .05). A significant number of infants also showed
greater looking to the sound-matched face across all 16 trials averaged (17 of 24,
p < .05) whereas results were nonsignificant for the second block of 8 trials
taken alone (13 of the 24 infants; p > .10). These results parallel those of the
group means showing significant matching for the first block of trials and
attenuated effects for the second block. Thus, the 6 %2 month olds gave evidence
of matching based on gender information during the first block of trials for the
PTLT, difference score, and individual subject measures.

The 3 %2 month olds, on the other hand, did not significantly increase their
looking time to the sound-matched film on either block of trials, t(23) = .55, p
> .10, Trials 1 to 8; t(23) = —.29, p > .10, Trials 9 to 16, giving no evidence
of matching based on gender information. Their PTLT to the sound-matched
film on Trials 1 to 8 averaged .512, t(23) = .54, p > .10, and on Trials 9 to 16
averaged .495, t(23) = —.11, p > .10, showing no matching effect according to
single sample ¢ tests against the chance value of .50. At the individual level, only
10 of the 24 infants showed greater looking to a face when it was sound-matched
versus mismatched (13 showed less fixation and 1 showed equal amounts to
both), showing no significance according to a binomial test. Thus, the 3 %
month olds showed no matching on the basis of gender information on either
trial block or at the individual subject level.

Further analyses were completed to determine whether infants at either age
showed any preferences for the male or female faces or the right- or left-hand
displays independent of the sound manipulation. There were no significant
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preferences for the male or female face at either 3 % or 6 months, ¢(23) = 1.06,
p > .05;t(23) = .82, p > .05, respectively, and no significant side preference at
3 Y% or 6 V2 months, t(23) = 1.26, p > .05; t(23) = .34, p > .05, respectively.
Additional analyses were conducted to determine whether looking proportions
to the sound-matched film differed as a function of the stimulus set each infant
received. A two-way ANOVA with age and stimulus set as main factors
revealed no significant main effects or interaction (p > .10, all effects).

In summary, consistent with the results of Experiment 1, 6 ¥%-month-old
infants spent a significantly greater proportion of their visual fixation time
viewing male and female faces when gender-appropriate voices were played.
They did this even though temporal synchrony relations united both the male
and female visual displays with the soundtrack. In contrast, the 3 2 month olds
showed no evidence of intermodal matching based on gender information.

GENERAL DISCUSSION

Results of Experiments 1 and 2 provide converging evidence that 6-month-old
infants are capable of detecting intermodal relations specifying speaker gender.
The two experiments were conducted in different research labs with different
experimenters, different stimulus displays, and two variants of the intermodal
visual preference method. In both studies, 6 month olds increased their looking
time to a face when a gender-appropriate voice was played, even though both
visual displays shared a temporal synchrony relation with the soundtrack and
were equally displaced from the source of sound. Furthermore, a significant
number of subjects showed this matching effect in both studies. These separate
findings increase the generalizability of our conclusions: The effects were not
specific to any particular stimulus displays or procedural variations. In contrast,
the youngest infants did not provide strong evidence of detecting correspon-
dences between the same gender faces and voices: at 3 2 months there was no
evidence of matching. At 4 months there was a significant tendency to look at
a face when the same gender voice was played but only on the second trial.
There were several procedural differences between Experiments 1 and 2 that
could have contributed to the different patterns of matching observed in the
younger age groups. The procedure used in Experiment 1 may have been less
demanding of infants’ attentional capabilities. For example, in Experiment 1
infants viewed two individuals accompanied by a single voice for the duration of
the first 2 min trial. On the second trial, the voice changed, and the side of
presentation for a particular individual changed for half of the infants. In
essence, the task for the infant was to select immediately the appropriate
individual and continue to view that individual for the duration of the 2 min
trial, ignoring his or her lateral position. This procedure sometimes leads to a
preference in infants for one side of the viewing screen. In support of this notion,
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the 6 month olds tended to look longer at the right-hand screen, although the
tendency did not reach significance. In contrast, the procedure used in Experi-
ment 2 was devised initially to reduce infants’ tendency to continue looking at a
given side or stimulus film (Bahrick, 1983, 1988; Spelke, 1979). Therefore, in
Experiment 2, infants viewed two individuals always in the same position but
with the voice changing randomly from one trial to the next across the 2 sets of
8 trials. The task for the infant was to find the appropriate individual on hearing
a change in voice. The shorter trials and requirement that an infant re-orient to
center before onset of each trial would attenuate any tendency to perseverate on
a particular lateral position but require greater attentional mobility than the
procedure used in Experiment 1. Consequently, although 3 ¥ month olds are
capable of intermodal matching under this procedure (see Bahrick, 1988), it is
possible that the procedure slightly underestimates their abilities relative to the
two-trial procedure used in Experiment 1.

What information could the infants have used for matching the same gender
faces and voices by 6 months or earlier? Some multimodal events or properties
of objects are not amodally specified and therefore detection of intermodal
correspondences may require intermodal learning from the start. We propose
that there are at least three types of relations characterizing such multimodal
events and speculate about the information to which infants may have re-
sponded.

One such type of relation may be characterized as “arbitrary but natural.” For
example, the relation between the sight of a person’s face along with the unique
sound of his or her voice is a natural relation that can only be learned through
experience. Infants by 3 % months have already learned the idiosyncratic
relation between the sight of their own mother’s face and the sound of her voice
(Burnham, Earnshaw, & Olymbios, 1986; Spelke & Owsley, 1979). Another
example may be the relation between the particular odor of a nursing mother
and the sight of her face, as distinct from that of an unfamiliar nursing woman.
Recognition of the mother’s odor has been shown by infants as young as 2 weeks
(Cernoch & Porter, 1985). These relations always occur together in the envi-
ronment, but there is little redundancy between information to the two sense
modalities. Nevertheless, there are natural constraints on the nature of the
sounds produced by a given person; the mother’s voice must be within a typical
pitch range, it is coincident with the sight of her face, it shares a synchrony
relation with the movements of her mouth, and so forth.

A second type of arbitrary relation may be characterized as “arbitrary and
artificial.” These relations do not predictably occur together in nature and few
constraints are built into the relation. Some examples include the particular
sound of a telephone, the color and shape of an object in relation to the
fundamental frequency of its sound, and the temperature or taste of an object in
relation to its appearance or sound. The sound made by a telephone could as
easily be a buzz or a ring, intermittent or continuous, loud or soft. A red toy that
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is hitting a surface could make a higher or lower frequency impact sound and
could just as easily be yellow or blue. These arbitrary relations must be learned
through experience in each sense modality with the particular object. Little
research has focused on infants’ detection of these artificial, arbitrary relations.
Reardon and Bushnell (1988) reported that 7 month olds learned to select from
a pair of distinctively colored cups the one that had contained a sweet substance.
Bushnell failed, however, to find evidence for infants’ matching of color with
temperature in an earlier experiment {(Bushnell, 1986; see also Reardon, 1987).
Along similar lines, Bahrick (1989) found that although 3 %2 month olds detected
a change in amodal audiovisual relations (temporal synchrony; temporal infor-
mation specifying object composition), they did not detect a change in an
arbitrary audiovisual relation (pitch-color/shape) of an object hitting a surface.

Finally, one can also identify natural, complex classes of multimodal relations
that are typical in the environment and are partially but not uniquely specified
by amodal invariants. These may be characterized as “typical” relations. For
example, heavy objects often produce deeper and louder sounds on impact than
do lighter objects, but there is some overlap depending on the composition of
the impacting object and surface. Detection of these relations may require more
complex perceptual learning of arbitrary and/or amodal relations.

In our experiments, infants may have learned the intermodal correspon-
dences over time, treating same gender faces and voices as if the relations were
entirely arbitrary. That is, they may have learned to associate and integrate
modality-specific face-voice information in their own environments and gener-
alized to the specific individuals used in our experiments. On the other hand,
they could have detected any number of invariant intermoda] relations that
typically define gender categories in the environment. For example, men
typically have larger features, a more protruberant Adam's apple, a larger face
and chest, more facial hair, or a face of a rougher texture than women. This
typically corresponds to a voice with a lower pitch, a rougher sound, and vowels
of a different formant frequency relative to women. Men may make larger,
stronger body and facial motions with similarly modulated pitch-range varia-
tions that are distinguishable from those produced by women. Culturally
defined differences are also evident, including shorter, flatter hair styles, no
cosmetics, less jewelry, and so on, though it is difficuit to imagine any auditory
correlates that could be directly perceived. Thus, by 6 months, infants could
have detected some or many of these typical but often overlapping audio-visual
relations that specify gender categories. Infants need not integrate and associate
auditory and visual information to perform this task. Given 6 months of
perceptual learning in an environment replete with examples of gender rela-
tions, infants may have become attuned to salient audio-visual invariants
defining these overlapping categories. In particular, by differentiating increas-
ingly more specific relations over time, infants may initially detect face-voice
correspondences on the basis of amodal relations (e.g., synchrony, common
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thythm). This in turn may lead to abstraction of more detailed information
about the nature of the synchronous face and voice (i.e., typical relations just
described), and finally association of arbitrary relations such as the relation
between cosmetics and jewelry with voices of a higher pitch. This perceptual
learning may enable more efficient abstraction of the relevant, typical relations
in new instances of gender categories. Nevertheless, infants, by 6 months,
detected audio-visual relations not by detecting temporal relations such as
face-voice synchrony, because these amodal invariants which typically guide
intermodal exploration were eliminated as a basis for matching in these exper-
iments. Rather, they must have detected these relations based on gender-specific
information. They showed this ability by successfully matching faces and voices
across three different, novel pairs of male/female speakers.

One approach for disentangling explanations for the basis of infants’ perfor-
mance in the present task might be to determine whether there are any inherent
constraints operating on the acquisition of intermodal knowledge about gender
(e.g., Bahrick, 1988). Specifically, one could provide such infants who initially
show no evidence of matching with appropriately versus inappropriately
matched faces and voices (male face-female voice, versus male face-male voice,
etc.) and assess under what combinations intermodal learning occurred. This
study provides a first step in this direction, documenting an age group where
matching does not occur. Another approach might be to alter systematically
typical versus arbitrary face-voice relations (e.g., size of facial features and pitch
of voice vs. presence of jewelry/makeup and pitch of voice) and determine under
which conditions the matching effect is disrupted. A third approach would be to
manipulate exposure time to information in one modality alone and then test
for detection of intermodal relations. In this case we would expect to find a
pattern parallel to one found in studies using a crossmodal method: Increasing
the time for familiarization given to infants in one modality may lead to greater
differentiation in both modalities at test (see Rose & Ruff, 1987, for a review). If
this were found for infants who initially show no matching effect without
exposure, it would suggest that infants are detecting relations inherent to the
objects and events (typical or amodal relations) rather than using their knowl-
edge of more arbitrary relations obtained prior to the experiment. Further
research along these lines using events characterized by typical intermodal
relations may help us better uncover the nature and basis of the developmental
pattern for perceiving amodal, typical, and arbitrary intermodal relations.
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