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Objects? Young Infants’ Use of Auditory
Information to Individuate Objects
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Roman Napoli
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Most research on object individuation in infants has focused on the visual domain. Yet
the problem of object individuation is not unique to the visual system, but shared by
other sensory modalities. This research examined 4.5-month-old infants’ capacity to
use auditory information to individuate objects. Infants were presented with events in
whichthey heard 2 distinct sounds, separated by a temporal gap, emanate from behind a
wide screen; the screen was then lowered toreveal 1 or 2 objects. Longer looking to the
1- than 2-object display was taken as evidence that the infants (a) interpreted the audi-
tory event as involving 2 objects and (b) found the presence of only 1 object when the
screen was lowered unexpected. The results indicated that the infants used sounds pro-
duced by rattles, but not sounds produced by an electronic keyboard, as the basis for ob-
ject individuation (Experiments 1 and 2). Data collected with adult participants re-
vealed that adults are also more sensitive to rattle sounds than electronic tones. A final
experiment assessed conditions under which young infants attend to rattle sounds (Ex-
periment 3). Collectively, the outcomes of these experiments suggest that infants and
adults are more likely to use some sounds than others as the basis for individuating ob-
jects. We propose that these results reflect a processing bias to attend to sounds that re-
veal something about the physical properties of an object—sounds that are obviously
linked to object structure—when determining object identity.

Correspondence should be addressed to Teresa Wilcox, Department of Psychology, Texas A&M
University, 4235 TAMU, College Station, TX 77843. E-mail: tgw @psyc.tamu.edu
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The capacity to individuate objects—to determine whether two perceptual in-
stances belong to the same object or different objects—is one of our most basic
cognitive abilities. This capacity allows us to represent the world in terms of dis-
tinct objects that persist in space and time and forms the foundation for more com-
plex thought and behavior. Given the importance of object individuation to human
cognition, a great deal of effort has been expended to identify the origins and de-
velopment of this capacity (e.g., Aguiar & Baillargeon, 2002; Bonnatti, Frot,
Zangl, & Mehler, 2002; Leslie, Xu, Tremoulet, & Scholl, 1998; Spelke, Kesten-
baum, Simons, & Wein, 1995; Tremoulet, Leslie, & Hall, 2001; Wilcox, 1999,
2003; Wilcox & Baillargeon, 1998a, 1998b; Wilcox & Schweinle, 2002, 2003; Xu,
2002; Xu & Carey, 1996). Most of this research has focused on the kind of infor-
mation infants use to individuate objects within the visual domain, and how this
changes with time and experience.

The outcome of this research has revealed that spatiotemporal information is
fundamental to the individuation process. From a very early age, infants interpret
spatiotemporal discontinuities as signaling the presence of distinct objects. For ex-
ample, when shown an event in which an object disappears behind the first of two
spatially separate screens, and then emerges from behind the second screen with-
out appearing between the two screens, infants as young as 3.5 months are led by
the discontinuity in path of motion to conclude that two distinct objects are in-
volved in the event (Aguiar & Baillargeon, 2002; Baillargeon & Graber, 1987;
Spelke et al., 1995; Wilcox & Schweinle, 2002). Likewise, when presented with an
event in which an object disappears behind one edge of a wide screen and then re-
appears immediately at the other edge, 3.5-month-olds take the discontinuity in
speed of motion to signal the presence of two objects (Wilcox & Schweinle, 2003).
There is also evidence that, in the absence of spatiotemporal discontinuities, in-
fants can use featural information to individuate objects (Hespos, 2000; Leslie &
Glanville, 2001; Wilcox, 1999; Wilcox & Baillargeon, 1998a, 1998b; Wilcox &
Chapa, 2002, 2004; Wilcox & Schweinle, 2002; for a review of the evidence see
Needham & Baillargeon, 2000; Wilcox, Schweinle, & Chapa, 2003). However, in-
fants are not equally sensitive to all types of featural information. Object features
can be grouped into two general categories: those that specify three-dimensional
form and those that constitute surface properties. There is evidence that infants are
more likely to use form features than surface features as the basis for object indi-
viduation (Leslie et al., 1998; Tremoulet et al., 2001; Wilcox, 1999; Woods &
Wilcox, in press; also see Craton, Poirier, & Heagney, 1998; Needham, 1999). For
example, by 4.5 months infants use shape and size differences, but it is not until
11.5 months that they use color or luminance differences to signal the presence of
distinct objects (Wilcox, 1999; Woods & Wilcox, in press).

At the same time that there is an increasing body of knowledge about infants’
use of information from the visual domain to individuate objects, little is known
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about infants’ use of information acquired through other sensory modalities. In
light of the fact that infants live in a multimodal world—they routinely see, touch,
taste, and listen to the objects with which they come in contact—this gap in knowl-
edge is problematic. We cannot fully understand how infants solve the problem of
object individuation in everyday situations without investigating their capacity to
use information from other sensory modalities.

The present research moves object individuation research in a new direction, by
investigating infants’ capacity to use auditory information to signal the presence of
distinct objects. The auditory system is one of the most mature sensory systems at
birth (for a review of infants’ auditory capacities see Aslin, Jusczyk, & Pisoni,
1998). Young infants demonstrate a remarkable capacity to discriminate between
auditory stimuli and are more sensitive to some kinds of auditory information than
others (Aslin, 1987; Aslin et al., 1998). There is also evidence that infants are sen-
sitive to numerosity in auditory events (Starkey, Spelke, & Gelman, 1983, 1990;
vanMarle & Wynn, 2002). For example, 7-month-olds can discriminate between
auditory sequences composed of a different number of tones even when the contin-
uous properties of the tones or sequences are strictly controlled (vanMarle &
Wynn, 2002). Infants can also detect intermodal numerical correspondences in-
volving auditory stimuli. For example, infants 6 to 8 months of age can match the
number of items presented in an auditory event (e.g., drumbeats separated by a
temporal gap) with those presented simultaneously in a visual array (e.g., dots sep-
arated in space), even when the two sets of stimuli have no natural relation to each
other (Starkey et al., 1983, 1990). Finally, infants use auditory information to lo-
calize objects in space (Clifton, Perris, & Bullinger, 1991; Perris & Clifton, 1988)
and hold expectations for the kinds of sounds objects should produce when they
move and interact (Bahrick, 1983, 1987, 1992, 2001; Pickens, 1994). For example,
by 3.5 months infants recognize that the sounds produced by the impact of two
rigid objects differs from that produced by two compressible objects, and correctly
match an auditory event with the appropriate visual display (Bahrick, 1983). Col-
lectively, these results suggest two conclusions. First, infants are capable of pars-
ing auditory information into distinct units, representing and remembering the
number of units heard, and integrating this information with information from the
visual domain. Second, infants recognize that the sounds objects make when en-
gaged in physical events depend, at least to some extent, on the physical properties
of those objects. Objects with different physical structures produce different types
of sounds. Together, these results also raise the possibility that infants might be ca-
pable of linking sounds to objects and then of using that information as the basis
for object individuation. These experiments test this hypothesis.

Infants aged 4.5 months were presented with an event in which they heard two
sounds, separated by a temporal gap, emanate from behind a wide screen. The
sounds were either acoustically distinct (different-sounds condition) or identical
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(same-sounds condition). The screen was then lowered to reveal either one or two
objects on the platform. Two predictions were made. First, if the infants in the dif-
ferent-sounds condition (a) perceive that the two sounds were produced by two dif-
ferent objects and (b) expect to see two objects revealed when the screen is low-
ered, then they should find the one-object display novel or unexpected (i.e., they
should look reliably longer at the one- than the two-object display). In contrast, if
the infants in the different-sounds condition fail to use the acoustic difference be-
tween the two sounds to form an interpretation about the number of objects behind
the screen, then they should look about equally at the one- and the two-object dis-
play. The second prediction is that if the infants in the same-sounds condition (a)
perceive that the two sounds were made by one and the same object and (b) expect
to see one object when the screen is lowered, then they should find the two-object
display novel or unexpected (i.e., they should look reliably longer at the two- than
the one-object display). In contrast, if the infants in the same-sounds condition fail
to form an interpretation about the number of objects present, they should look
about equally at the two displays.

EXPERIMENT 1

Infants aged 4.5 months were presented with a different- or same-sounds event.
The two sounds, presented successively, were produced by shaking papier-maché
eggs. In the different-sounds event, one egg was partially filled with uncooked rice
and the other with small jingle bells (see Figure 1). In the same-sounds event, both
eggs were filled with the same substance, rice or bells. One of the goals of this
study was to examine whether object individuation in the auditory domain is based
primarily on temporal parameters or whether infants attend to the acoustic proper-
ties of auditory stimuli as well. If temporal differences are sufficient to support ob-
ject individuation, then hearing two sounds separated by a temporal gap should
signal the presence of two distinct objects, regardless of the acoustic properties of
the sounds. In contrast, if the presence of acoustic differences between auditory
stimuli is necessary for object individuation, then infants should perceive that two
objects are present only when the sounds are sufficiently different in their acoustic
content.

Method
Participants

Participants were 16 male and 16 female healthy full-term infants (M = 4
months, 13 days; range = 3 months, 17 days—5 months, 6 days). Eight additional
infants were tested but eliminated from the analyses, 1 because of fussiness, 2 be-
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FIGURE 1 The test event of the different-sounds condition of Experiment 1.

cause the primary observer was unable to determine the infant’s direction of gaze,
and 5 because of procedural problems. Eight infants were randomly assigned to
each of four groups formed by crossing event (different or same sounds) and test
display (one or two objects).

Apparatus

The apparatus was 213 cm high x 105 cm wide x 43.5 cm deep with an opening
51 cm high x 93 cm wide in its front wall. The floor and walls of the apparatus were
cream or covered with lightly patterned contact paper. A cream and blue colored
platform 1 cm high x 91 cm wide x 19 cm deep lay flush against the back wall, cen-
tered between the left and right walls. The experimenter’s hand moved through a
slit 9 cm high x 70 cm wide, located 14 cm above the apparatus floor;
cream-colored fringe helped conceal the slit. The eggs could be moved in or out of
the apparatus through a concealed door, 12 cm high x 10 cm wide, that was located
behind the screen.
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The screen used in the pretest and test events was 32 cm high x 35 cm wide,
made of green cardboard, and attached with metal clips to a wooden dowel that lay
directly in front of the platform. The right end of the dowel exited the apparatus
through a small hole in the right wall. By rotating the dowel’s right end (out of the
infants’ view), an experimenter could lower the screen to the apparatus floor.

The egg rattles used in the test events were 7.5 cm in diameter at their widest
points and 11 cm tall, made of papier-maché, lined with plastic, hollow, and
painted blue. Two eggs were partially filled with uncooked rice and two with small
jingle bells. To equate the conditions as much as possible (see later), two objects
were used to produce the different- and the same-sounds events.

Events

Three trained experimenters worked together to produce the pretest and test
events. The first experimenter created the sounds by moving the eggs, the second
experimenter surreptitiously removed an egg from behind the screen, and the third
experimenter lowered the screen at the end of the auditory event. To help the exper-
imenters adhere to the events’ scripts, a metronome with a light source was placed
within the experimenters’ view and blinked once per second (the sound was turned

off).

Different-sounds condition. Infants first saw pretest events designed to ac-
quaint them with the hand and the testing situation. In the first pretest event, the
first experimenter’s right gloved hand was seen tilting gently left to right (1 sec for
each tilt) to the left of the screen. In the second pretest event, the hand underwent
the same motions to the right of the screen. After the pretest events, infants saw a
test event that consisted of an initial and a final phase. The test event began with the
hand tilting gently left to right to the left of the screen. Two eggs, one filled with
rice and one filled with small bells, sat behind the screen directly next to each other
(separated by only 1.5 cm). After the computer signaled that the infant had looked
at the hand for 2 cumulative sec, the initial phase of the test event began. The num-
bers in parentheses indicate the time taken to produce the actions described. The
hand stopped tilting (1 sec), moved behind the left edge of the screen (2 sec),
grasped the left egg (1 sec), moved it in a circular motion continuously (2 sec; ap-
proximately four full rotations per sec), and then gently replaced it (1 sec). The cir-
cular motion produced a continuous rattle sound as the internal elements made
contact with the inside wall of the egg. Next, the hand grasped the right egg (1 sec),
moved it in a circular motion continuously (2 sec; approximately four full rotations
per sec), and then gently replaced it (1 sec). For half of the infants the rice-filled
egg was on the left and the bell-filled egg was on the right; for the other half the re-
verse was true. The two sounds in each test event were equated for duration (2 sec
each) and amplitude (approximately 65 dB). Sound production was monitored by
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the second experimenter; if the sounds were not produced uniformly the data for
that infant were eliminated. The hand then moved from behind the right edge of the
screen (2 sec) and came to rest at the right edge of the platform. During these last 2
sec, the second experimenter surreptitiously opened the small door in the appara-
tus, located directly behind the upright screen, and either removed one of the eggs
(for the one-object display) or made a motion as if removing one of the eggs (for
the two-object display). Finally, the second experimenter lowered the screen to the
apparatus floor (1 sec). During the final phase, the infants saw either one egg
(one-object display) or two eggs (two-object display) centered on the platform.

Same-sounds condition. The test event of the same-sounds condition was
identical to that of the different-sounds condition with one exception: Two eggs
that made identical sounds were used. Half of the infants heard two rice-filled
eggs; the other half heard two bell-filled eggs.

Procedure

The infant sat on a parent’s lap centered in front of the apparatus with his or her
head approximately 80 cm from the objects. The parent was asked not to interact
with the infant while the experiment was in progress, and to close his or her eyes
during the test events.

Each infant participated in a two-step procedure that consisted of a pretest pe-
riod and a test period. In the pretest period, infants were presented with the two
pretest trials already described. The pretest trials ended when the infant either (a)
looked away for 2 consecutive sec after having looked for at least 5 cumulative sec
or (b) looked for 30 cumulative sec without looking away for 2 consecutive sec.
During the test period, infants saw the test event appropriate for their condition on
two successive trials. Looking time during the initial and final phase of each trial
was monitored separately. The final phase of each trial ended when the infant ei-
ther (a) looked away for 2 consecutive sec after having looked for at least 10 cumu-
lative sec or (b) looked for 60 cumulative sec without looking away for 2 consecu-
tive sec.

The infant’s looking behavior was monitored by two observers who watched
the infant through peepholes in the cloth-covered frames on either side of the appa-
ratus. The observers wore headphones through which they heard white noise dur-
ing the experimental session. In addition, observers were not told, and could not
determine, whether infants saw a final display containing one or two objects.! Each

!In Experiments 1, 2, and 3 infants saw a final display containing either one object or two objects.
Observers were asked to guess, at the end of each session, whether the infant saw a one-object or a
two-object display. Of the 96 primary observers that responded, 50 guessed correctly, a performance
not significantly different from chance (cumulative binomial probability, p > .05).
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observer held a button connected to a computer and depressed the button when the
infant attended to the events. The looking times recorded by the primary observer,
who was usually more experienced, determined when a trial had ended (see ear-
lier) and were used in the data analyses. Each trial was divided into 100-msec inter-
vals, and the computer determined in each interval whether the two observers
agreed on the direction of the infant’s gaze. Interobserver agreement was measured
for 26 of the infants (for 6 of the infants, only one observer was present) and was
calculated for each test trial on the basis of the number of intervals in which the
computer registered agreement out of the total number of intervals in the trial.
Agreement averaged 90% per test trial per infant.

Preliminary analyses were conducted for each of the experiments reported
herein to explore whether boys and girls responded differently to the test events.
These analyses failed to reveal reliable sex differences. Consequently, in this and
the following experiments the data were collapsed across sex.

Results
Pretest Trials

The infants’ looking times during the two pretest trials were averaged and ana-
lyzed by means of an analysis of variance (ANOVA) with event (different or same
sounds) and test display (one or two objects) as between-subject factors. The main
effects of event and test display and the interaction between these two factors were
not significant, F(1,28) < 2.5, ps < .05, indicating that the infants in the four groups
did not differ reliably in their mean looking times during the pretest trials (differ-
ent-sounds, one-object, M =24.8 sec, SD = 5.5, and two-object, M = 17.9 sec, SD =
7.6; same-sounds, one-object, M = 17.0 sec, SD = 8.2, and two-object, M = 18.9
sec, SD = 10.3).

Test Trials

The infants’ looking times during the final phase of the two test trials (Figure 2)
were averaged and analyzed in the same manner as the pretest trials. The Event x
Test Display interaction was significant, F(1, 28) = 4.67, p < .05; partial
eta-squared (effect size) =.133. Planned comparisons revealed that the infants who
heard the different-sounds event looked reliably longer at the one-object display
(M =40.6 sec, SD = 17.8) compared with the two-object display (M =23.8 sec, SD
=8.0), F(1, 28) =9.00, p < .01. A Mann—Whitney U test confirmed that the distri-
butions of these two groups were reliably different, Z=-1.89, p < .05 (one-tailed).
In contrast, the infants who heard the same-sounds event looked about equally at
the one-object (M = 18.4 sec, SD =7.5) and the two-object displays (M = 18.1 sec,
SD=5.1),F(1,28) < 1.
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FIGURE 2 Infants’ mean looking times (and standard errors) to the one-object and the
two-object displays in Experiments 1, 2, and 2B (different- and same-sounds events).

Discussion

The infants in the different-sounds condition looked reliably longer at the one-object
display compared with the two-object display, suggesting that they (a) perceived, on
the basis of the difference in sound between the rice- and bell-filled eggs, that two
separate and distinct objects were behind the screen; and (b) found the presence of
only a single object when the screen was lowered screen unexpected. In contrast, the
infants in the same-sounds condition looked about equally at the two displays, sug-
gesting that they (a) were unsure of whether the two identical sounds were produced
by one and the same object or two different objects and, hence, (b) showed no prefer-
ence for either display. Hence, the infants in the same-sounds condition, unlike the
infants in the different-sounds condition, were ambiguous in their interpretation of
the acoustic event. Itis possible that the infants recognized that the same sound heard
twice could be produced by either two identical objects or the same object shaken
twice. Together, these results suggest that the infants did not use the temporal gap be-
tween the two sounds alone to individuate the objects. Only when the two sounds
were distinct, so that it was unlikely that the same object could have made both
sounds, did the infants infer that the two sounds were produced by different objects.
It is worthwhile to compare these results to those obtained in the intermodal
correspondence studies cited earlier. In the studies of Starkey et al. (1983, 1990),
infants matched the number of items presented in an auditory event with those
presented in a visual event on the basis of the number of temporally distinct au-
ditory units, without obvious regard for the acoustic properties of the sounds.
For example, infants found two identical drumbeats consistent with seeing two
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dots or two objects (e.g., a bowl and a lemon), but not with seeing three dots or
three objects. In the experiments reported here, the relation between the number
of temporally separate sounds that infants heard and the number of objects in-
fants expected to see when the screen was lowered was not veridical. Sometimes
infants interpreted two sounds as being produced by two separate objects (i.e.,
different-sounds event) and sometimes they did not (i.e., same-sounds event).
Although it is difficult to draw firm conclusions on the basis of these results
(there are many differences between these studies and those conducted by
Starkey et al.), it appears that, at least under some conditions, intermodal match-
ing occurs at a more abstract level than object individuation. In intermodal
matching, the number of temporally distinct sounds presented is more important
than the specific properties of those sounds; in object individuation, the acoustic
properties of the sounds are important.

The positive results obtained in Experiment 1 raise the question of whether in-
fants would respond in a similar way to other kinds of sounds or whether these
findings are unique to rattles. The rattle sounds used in Experiment 1 could be
thought of as property-rich sounds: They reveal something about the physical
properties (e.g., shape, size, substance) of the objects involved. Typically, when
objects move about and interact in the world they produce sounds in accord with
their physical structure, including their shape, size, and material of which they are
composed, and the nature of the interactions in which they are engaged. For exam-
ple, on the basis of auditory information alone, one could infer that the differ-
ent-sounds event of Experiment 1 involved two hollow, rigid objects, and that each
object contained a different collection of smaller rigid objects that rattled when
shaken. If perceptive, adults might even correctly guess that one collection con-
sisted of small bells and the other of some hard, dry material (e.g., uncooked rice,
dried beans, or sand). Most important, however, is that auditory information
clearly specified different rigid collections moving inside rigid containers.

Not all sounds are property-rich sounds, however. There are many sounds that
do not immediately reflect the physical properties of the objects involved. We refer
to these as property-poor sounds. Consider, for example, the sound an electronic
toy makes, the tones produced by a music box, or the ringing of a telephone. These
sounds are more contrived and are not obviously tied to the physical structure of
the objects making them. As a result, infants might find these sounds less useful as
an indicator of object identity. The next experiment tests this hypothesis.

EXPERIMENT 2

Experiment 2 examined whether 4.5-month-olds would individuate objects using
property-poor sounds. The sounds were produced by an electronic keyboard and
differed in pitch and timbre. The dissimilarity between the two property-poor
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sounds used in this experiment was judged by adults to be equivalent to the dissim-
ilarity between the two property-rich sounds used in Experiment 1.2 Infants were
tested in different- and same-sounds conditions that were identical to the different-
and same-sounds conditions of Experiment 1 with one exception: The sounds
made by the rice- and bell-filled eggs were replaced with the two tones produced
by the electronic keyboard.

Method
Participants

Participants were 16 male and 16 female infants (M = 4 months, 12 days; range
= 3 months, 17 days—5 months, 5 days). Eleven additional infants were tested but
eliminated from analysis: 3 because of fussiness, 1 because the primary observer
was unable to determine the direction of the infant’s gaze, and 7 because of proce-
dural problems. Eight infants were randomly assigned to each of four groups
formed by crossing event (different or same sounds) and test display (one object or
two objects).

Apparatus and Procedure

The apparatus and procedure were identical to those of Experiment 1 except
that the two eggs used in each test event each contained a small speaker, and each
speaker was connected to a Youthtronics 32-key play keyboard (distributed by
Spectra). The rice rattle sound was replaced with Tone 1, which was the note F di-
rectly below middle C played as a violin, and the bell rattle sound was replaced
with Tone 2, which was middle C played as a mandolin. The sounds were equated
for duration (2 sec each) and amplitude (approximately 68 dB). Interobserver
agreement was measured for 29 of the infants and averaged 91%.

2Thirty-two naive adults (M age = 19 years, range = 17-21 years) heard two pairs of sounds pre-
sented in one of two orders: (a) rice—bells and tonel—tone 2 or (b) tone 1-tone 2 and rice-bells. Within
each pair, the order of the sounds was also counterbalanced. After each pair, adults were asked to rate on
ascale of 1 (very similar) to 5 (very different) how they perceived the sounds. Prior to the test trials, par-
ticipants were presented with two practice trials with different sound pairs (i.e., keys jingling—sandpa-
per rubbing and pencil sharpener—handheld vacuum). A mixed-model ANOVA was conducted with
sound type (rice—bells or electronic tones) as the within-subjects factor and order (rice—bells or elec-
tronic tones first) as the between-subject factor. The main effects of sound type and order, and the inter-
action between these two factors, were not significant, all F(1, 18) < 1. The adults’ rating of the differ-
ence between the rice and bells (M = 2.25, SD = 0.84) did not differ reliably from that of the two
electronic tones (M = 2.06, SD = 0.98). These results suggest that the adults perceived the two rattle
sounds and the two electronic tones as equally distinct. Although the extent to which adult similarity
ratings map onto infants’ perception of similarity has yet to be fully explored, these findings provide
tentative evidence that the two rattle sounds were not more distinct than the two electronic tones.
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Results
Pretest Trials

The infants’ looking times during the two pretest trials were averaged and ana-
lyzed by means of an ANOVA with event and test display as between-subject fac-
tors. The main effects of event and test display, F(1, 28) <2.20, and the interaction
between these two factors, F(1, 28) = 3.78, were not significant (ps < .05), indicat-
ing that the infants in the four groups did not differ reliably in their mean looking
times during the pretest trials (different-sounds, one-object display, M = 24.4 sec,
SD = 6.3, and two-object display, M = 23.3 sec, SD = 8.0; same-sounds, one-object
display, M = 17.5 sec, SD = 7.4, and two-object display, M = 25.8 sec, SD =5.5).

Test Trials

The infants’ looking times during the final phase of the two test trials (Figure 2)
were averaged and analyzed in the same manner as the pretest trials. The main ef-
fects and the interaction were not significant, all F(1, 28) < 1; partial eta-squared
for the interaction = .003. Planned comparisons confirmed that the infants who
heard the different-sounds event looked about equally at the one-object (M = 22.6
sec, SD = 10.9) and the two-object (M =23.3 sec, SD = 10.0) displays, as did the in-
fants who heard the same-sounds event (one-object display, M = 23.6 sec, SD =
10.9; two-object display, M = 26.5 sec, SD = 11.9), F(1,28) < 1.

Adult Participants

In light of the 4.5-month-olds differential responding to the rattle sounds and
electronic tones, we assessed how more experienced participants would respond to
these two sets of auditory stimuli. Eighty-nine adults, 46 men and 43 women (M
age = 20 years, range = 1643 years), were randomly assigned to one of four
groups formed by crossing sound type (rattles or electronic tones) by event (differ-
ent or same sounds). Participants were presented with different- and same-sounds
events similar to those of Experiments 1 and 2 with two main differences. First, the
screen was never lowered. Second, after hearing the two sounds, participants were
asked to rate on a scale of 1 (definitely one object) to 5 (definitely two objects)
whether they thought one object or two objects stood behind the screen. A score of
3 was interpreted as reflecting an ambiguous interpretation of the event.

The adults’ ratings of the two test events were averaged and analyzed by means
of an ANOVA with sound type and event as between-subject factors. The Sound
Type x Event interaction was significant, F(1, 85) = 8.01, p < .01, partial
eta-squared = .086. Planned comparisons revealed that in the rattles condition, the
mean ratings of the adults who heard the different-sounds event (n = 23, M = 4.5,
SD =1.0) and the same-sounds event (n =22, M =2.2, SD = 1.0) events differed re-
liably, F(1, 85) =42.12, p < .001. The adults responded as if they interpreted the
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different-sounds event as involving two objects and the same-sounds event as in-
volving only one object. In the electronic tones condition, the mean ratings of the
adults who heard the different-sounds event (n = 24, M = 3.4, SD = 1.4) and the
same-sounds event (n = 20, M = 2.5, SD = 1.3) also differed reliably, F(1, 85) =
6.23, p < .05. These results suggest that in this condition the participants were un-
sure about how many objects were involved in the different-sounds event, but
judged that only one object was involved in the same-sounds event. A final com-
parison indicated that the adults who heard rattles and electronic tones responded
reliably different to the different-sounds event, F(1, 85) =10.82, p <.01, providing
converging evidence for the conclusion that adults are more likely to use rattle
sounds than electronic tones to individuate objects.

Discussion

In contrast to the positive results obtained with the 4.5-month-olds in Experiment 1
when rattles were used, null results were obtained in Experiment 2 when electronic
tones were used. The infants in both the different- and same-sounds condition re-
sponded as if they were uncertain of whether there was one object or two objects
behind the screen, suggesting that the 4.5-month-olds failed to individuate the ob-
jects on the basis of the acoustic information.

Data collected with adult participants revealed ways in which adults are both
similar to, and different from, infants in their interpretation of the auditory events.
Like the infants, the adults used the difference in sound produced by the two rat-
tles, but not the electronic keyboard, to individuate the objects. Within the context
of different-sounds events, both groups demonstrated a greater sensitivity to rattle
sounds than electronic tones. Unlike the infants, who were ambiguous in their in-
terpretation of the same-sounds events, the adults appeared to interpret events in-
volving two identical sounds as involving a single object (regardless of whether it
was a rattle or an electronic tone). Perhaps adults’ experiences with a wide variety
of sounding objects lead them to infer that it is unlikely that two identical sounds
are produced by two different objects.

The next experiment explored whether infants would be more likely to attend to
electronic tones if they were made more distinct.

EXPERIMENT 2B

Infants aged 4.5 months were tested using the different-sounds procedure of Ex-
periment 2 with one exception: The sounds produced by the electronic keyboard
were made more distinct by increasing the number of components that each sound
contained and by altering the relation between those components. Specifically,
Tone 1 was replaced by two discordant notes played simultaneously and Tone 2 by
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two harmonic notes played simultaneously. The data obtained in this experiment
will be compared to the data obtained in the different-sounds conditions of Experi-
ment | (rattle sounds) and Experiment 2 (electronic tones).

Method
Participants

Participants were 10 male and 6 female infants (M age = 4 months, 17 days;
range = 3 months, 25 days—5 months, 4 days). Three additional infants were tested
but eliminated from analysis: 2 because of fussiness and 1 because he was an out-
lier (i.e., his mean looking time during the test trials was more than 2 SDs above the
mean of the group). An equal number of infants saw the one-object and the
two-object displays.

Apparatus and Procedure

The apparatus and procedure were identical to those of the different-sounds con-
ditions of Experiment 2 with one exception: Tone 1 was replaced with notes E flat
and A (one octave below middle C) played simultaneously as a trumpet and Tone 2
was replaced with notes C and E (one octave above middle C) played simultaneously
as abell. The notes included in Tone 1 were not of the same chord, whereas the notes
included in Tone 2 were harmonic. Hence, Tone 1 and Tone 2 of this experiment dif-
fered in the musical notes of which they were composed, the relation between those
notes, and their timbre. Together, these factors made them more complex than Tone 1
and Tone 2 of Experiment 2 as well as more distinct from each other.

Interobserver agreement was measured for 14 of the infants and averaged 92%.

Results
Pretest Trials

The looking times of the infants in the one-object condition (M =29.2 sec, SD =
2.4) and the two-object condition (M = 24.8 sec, SD = 6.0) did not differ reliably,
1(14) = 1.85, p > .05. The infants’ mean looking times during the pretest trials were
then compared to those of the infants in the different-sounds conditions of Experi-
ment 1 and Experiment 2 by means of an ANOVA with event (rattles, tones, or
complex tones) and test display (one or two objects) as between-subject factors.
The interaction between event and test display was not significant, F(1, 42) < 1.

Test Trials

The infants looked about equally at the one-object display (M = 21.1 sec, SD =
5.7) and the two-object display (M =23.0 sec, SD =9.6), #(14) < .5 (Figure 2). The
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infants” mean looking times during the final phase of the test event were then com-
pared to those of the infants in the different-sounds conditions of Experiment 1 and
Experiment 2 by means of an ANOVA with event and test display as be-
tween-subject factors. The Event x Test Display interaction was significant, F(2,
42)=3.43, p < .05, partial eta-squared = .140. Planned comparisons indicated that
the infants in the rattles condition looked reliably longer at the one-object display
compared with the two-object display, F(1, 42) =8.78, p <.01, whereas the infants
in the tones and the complex tones conditions looked about equally at the two dis-
plays, F(1,42) < 1.

Discussion

These results provide additional evidence, using a different set of electronic tones,
that young infants are more sensitive to sounds produced by rattles than sounds
produced by an electronic keyboard as the basis for individuating objects. Even
when the electronic tones were made more distinct by playing two notes simulta-
neously, one pair of which was discordant and the other harmonic, infants still
failed to use the acoustic difference between the tones to draw inferences about the
number of objects behind the screen.

The next experiment examined, in greater detail, young infants’ capacity to use
rattle sounds to individuate objects.

EXPERIMENT 3

Recall that the event sequences of Experiments 1 and 2 involved a hand that per-
formed the following visible actions: moved behind one edge of the screen and, af-
ter two successive sounds, reemerged from behind the other edge of the screen. A
hand was included in the test events because, typically, inert objects make sounds
only when acted on and we were concerned that young infants would have diffi-
culty interpreting an event involving inert sounding objects without the presence of
ahand. That is, infants might fail to use rattle sounds as the basis for object individ-
uation without some mechanism by which the rattles could have produced the
sounds. Our reasoning was based on the fact that infants have extensive experience
with events in which hands produce effects on objects (e.g., releasing, catching,
uncovering, pounding) and, given the appropriate physical knowledge, infants
demonstrate the capacity to interpret the outcome of physical events involving
hands (e.g., Baillargeon, Graber, DeVos, & Black, 1990; Baillargeon & Wang,
2002; Needham, 1999; Woodward & Sommerville, 2000). The shaking of objects
to produce rattle-like sounds is a particularly common experience for infants, one
in which they routinely observe and participate. These findings led us to predict
that infants would be more likely to successfully interpret the test event if a hand
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was present, providing a means by which the objects could have produced the
sounds.

However, it is possible that the hand played a different role from that hypothe-
sized. One possibility is that the hand served, instead, as an attention-getting mech-
anism to orient infants’ attention to the stage of the apparatus prior to presentation
of the auditory event. According to this view, the presence of the hand is important
because it draws infants’ attention to the stage, but contact between the hand and
the objects hidden behind the screen is not critical to infants’ interpretation of the
event. Another possibility is that the presence of the hand is not important to in-
fants’ processing and interpretation of the test event. On this view, infants’ perfor-
mance is unrelated to the presence or absence of the hand.

To test these competing hypotheses infants aged 4.5 months were assigned to
one of three conditions: hand, hand no contact, and no hand. In the hand condition,
infants were presented with a different-sounds event identical to that of Experi-
ment 1 except that the rice- and bell-rattle sounds were replaced by two other rattle
sounds. These sounds were produced by shaking a metal container filled with ei-
ther metal tacks or glass marbles. Adult participants reported that these two rattle
sounds were perceived as equally dissimilar as the sounds of Experiments 1 and 2.3
In the hand no contact condition, infants were presented with events identical to
those of the infants in the hand condition with the following exception: Rather than
moving behind the screen, the hand withdrew from the apparatus and, after the two
sounds were presented, reentered the apparatus on the other side of the screen.
Hence, the hand was in view for the same amount of time in the hand condition and
the hand no contact condition. However, because the hand exited the apparatus in
the hand no contact condition, rather than moving behind the screen, the hand
could not have acted on the objects. Finally, the infants in the no hand condition
were presented with test events identical to those of the infants in the hand condi-
tion except that the hand was never present in the apparatus.

3Sixteen naive adults (M age = 19 years, range = 17-23 years) heard two successive rattle sounds
presented in one of two orders: the tack rattle followed by the marble rattle, or the reverse. After hearing
the sound pair, participants were asked to rate on a scale of 1 (very similar) to 5 (very different) how they
perceived the sounds. Prior to the test trials, participants were presented with two practice trials with
different sound pairs. The adults’ mean difference rating in this experiment was compared to that of the
adults from Experiment 2. However, because the participants in this experiment heard only one pair of
test sounds, and the participants in Experiment 2 heard two pairs of test sounds (a mixed-model design
was used in Experiment 2), only the ratings of the first pair of sounds for the latter group was used. A
one-way ANOVA was conducted with sound type (rice and bell rattles, electronic tones, tack and mar-
ble rattles) as the between-subject factor. The main effect of sound type was not significant, F(1, 45) <
1. The adults’ rating of the difference between the rice and bell rattles (n = 16, M =2.12, SD = 0.62), the
two electronic tones (n= 16, M =2.13, SD =0.96), and the tack and marble rattles (n =16, M = 1.81, SD
=0.66) did not differ reliably. These results suggest that the adults perceived the three sound pairs as
equally distinct.
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If the hand is important because it provides a structure with which to interpret
events involving inert sounding objects, the infants in the hand condition, but not
the infants in the other two conditions, should successfully individuate the objects
(i.e., should look reliably longer at the one-object display compared with the
two-object display). Alternatively, if the hand is important because it orients in-
fants’ attention to the apparatus from which the auditory event will be presented,
the infants in the two “hand” conditions, but not the infants in the no hand condi-
tion, should successfully individuate the objects. Finally, if the hand is irrelevant to
infants’ processing of the test event, then the infants in all three conditions should
succeed on the individuation task.

Method
Participants

Participants were 24 male and 24 female infants (M = 4 months, 14 days; range
=3 months, 19 days—5 months, 6 days). Four additional infants were eliminated: 2
because of procedural problems, 1 because of fussiness, and 1 because he was an
outlier (i.e., his mean looking time during the test trials was more than 2 SDs above
the mean of the group). Eight infants were randomly assigned to each of six groups
formed by crossing condition (hand, hand no contact, no hand) and test display
(one or two objects).

Apparatus and Procedure

The apparatus and procedure were identical to those of Experiment 2 with three
exceptions. First, the rice and bell rattles were replaced with rattles made by par-
tially filling round metal containers (8 cm in diameter and 5.5 cm tall) with either
small metal tacks or small glass marbles. Second, infants were presented with only
different-sounds events. Third, in the hand no contact condition the slit behind the
screen (through which the hand moved in the hand condition) was covered with a
piece of foam core of the same pattern as the back wall of the apparatus; the hand
was withdrawn and reinserted into the apparatus during the test event through two
holes, 7.5 cm wide and 9 cm tall, one located to each side of the screen.

Interobserver agreement was measured for 33 of the infants and averaged 90%.

Results
Pretest Trials

The infants’ looking times during the two pretest trials were averaged and ana-
lyzed by means of an ANOVA with condition and test display as between-subject
factors. The main effect of condition was significant, F(1,42) =7.06, p < .01. Post
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hoc comparisons revealed that the infants in the hand (M = 24.3 sec, SD =7.7) and
the hand no contact (M = 22.8 sec, SD = 8.0) conditions looked reliably longer dur-
ing the pretest trials than the infants in the no hand condition (M = 12.7 sec, SD =
11.7), F(1,42) =6.97, p < .05, but that the two hand conditions did not differ reli-
ably from each other, F(1, 42) < 1. These findings indicate that the infants found
the pretest displays that included a tilting hand and an upright screen more interest-
ing than the pretest displays that included only an upright screen. The main effect
of test display and the Condition x Test Display interaction were not significant,
F(1,42)< 1.

Test Trials

The infants’ looking times during the final phase of the two test trials (Figure 3)
were averaged and analyzed in the same manner as the pretest trials. The main ef-
fects of condition, F(1, 42) = 4.22, and test display, F(1, 42) = 5.49, were signifi-
cant, ps < .025. In addition, the Condition x Test Display interaction was signifi-
cant, F(1, 42) = 3.48, p < .05, partial eta-squared = .142. Planned comparisons
revealed that the infants in the hand condition looked reliably longer at the
one-object display (M =31.4 sec, SD = 11.4) compared with the two-object display
(M=17.2sec,SD=6.9), F(1,42)=11.88, p <.01. A Mann—Whitney U test con-
firmed that the distributions of these two groups were reliably different, Z=-2.21,
p <.05 (two-tailed). In contrast, the infants in the hand no contact and the no hand
condition looked about equally at the one-object (hand no contact: M = 20.3 sec,
SD =8.7;no hand: M = 17.4 sec, SD = 6.3) and two-object (hand no contact: M =
20.8 sec, SD = 10.1; no hand: M = 14.4 sec, SD = 3.6) displays, F(1,42) < 1.

50
45 mOne ob{'ect L]
0 Two objects

Mean Looking Time (sec)

Hand Condition | Hand-No-Contact

Condition

No-Hand Condition

Experiment 3

FIGURE 3 Infants’ mean looking times (and standard errors) to the one-object and the
two-object displays in Experiment 3.
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Discussion

The infants in the hand condition, but not the infants in the other two conditions,
looked reliably longer at the one-object display compared with the two-object dis-
play. These results suggest that the infants used the auditory information to indi-
viduate the objects only when the hand was present in the display and had access to
the objects behind the screen. When the hand was present in the display but did not
have access to the objects, or was not present in the display at all, the infants failed
to use the acoustic difference between the two sounds to individuate the objects.
Together, these results provide converging evidence, using a different set of stim-
uli, that infants use the sounds produced by rattles to individuate objects and reveal
conditions under which they attend (or fail to attend) to rattle sounds. These results
support the hypothesis that the presence of the hand in the display facilitates in-
fants’ processing of the different-sounds event because it provides a structure with
which to interpret the rattle sounds, and argue against the hypothesis that the hand
serves only as an attention-getting mechanism. The hand was present in both the
hand condition and the hand no contact condition. However, only when the hand
offered a mechanism by which inert objects could be shaken to produce a sound
did the infants use the acoustic difference as the basis for object individuation.
These results add to a growing body of literature indicating that from an early
age infants hold expectations for the kinds of events in which inert objects can en-
gage. For example, young infants expect stationary inert objects to remain station-
ary unless acted on (Kotovsky & Baillargeon, 1998; Leslie & Keeble, 1987; Spelke
etal., 1995). Once inert objects are placed in motion, infants expect them to follow
continuous, predictable paths (Aguiar & Baillargeon, 2002; Baillargeon & Graber,
1987; Spelke, Breinlinger, Macomber, & Jacobson, 1992; Spelke et al., 1995;
Wilcox & Schweinle, 2002). In addition, infants expect inert objects that are acted
on to undergo motions (Gibson, Owsley, & Johnston, 1978; Gibson, Owsley,
Walker, & Megaw-Nyce, 1979; Gibson & Walker, 1984; Walker, Owsley,
Megaw-Nyce, Gibson, & Bahrick, 1980) and to produce sounds (Bahrick, 1983,
1987, 1992, 2001) consistent with their physical structure. The research reported
here adds to this composite picture by revealing, first, that infants recognize that
distinct sounds signal the presence of distinct physical structures (i.e., objects)
and, second, that infants hold expectations for the conditions under which inert ob-
jects produce sounds. More specifically, infants recognize that sounds are pro-
duced by the interaction between inert objects and their moving parts, and that for
these objects to produce sounds they must be acted on. Additional research will be
needed to assess the extent to which infants can identify the specific sounds that are
associated with a given physical structure. (This is different than recognizing that
different physical structures produce different sounds). Objects vary in many di-
mensions that can affect the sounds they produce (e.g., the material of which they
are composed, whether they contain movable parts, etc.) and infants may find
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some dimensions more meaningful or salient than others. We suspect that with
time and experience, infants’ expectations for the sounds that objects produce be-
come more fine-grained. That is, infants become more sophisticated in their ability
to identify the acoustic signal that should be generated by specific physical struc-
tures and their interactions.

GENERAL DISCUSSION

In these experiments, 4.5-month-olds interpreted different-sounds events as in-
volving two distinct objects when the sounds were produced by rattles that con-
tained different collections (e.g., uncooked rice or small jingle bells) but not when
the sounds were produced by an electronic keyboard. A similar pattern of results
was obtained with adult participants. This is the first evidence of which we are
aware that infants use auditory information to individuate objects and suggests
that, similar to what has been observed in the visual domain (Tremoulet et al.,
2001; Wilcox, 1999), infants are not equally sensitive to all types of information.
At the same time, 4.5-month-olds were ambiguous in their interpretation of
same-sounds events, regardless of whether the events involved rattle sounds or
electronic tones. These data suggest that infants are more adept at interpreting dif-
ferent-sounds than same-sounds events. Together, these findings raise questions
about the underlying basis for infants’ greater sensitivity to rattle sounds and the
extent to which auditory sensitivities can be manipulated.

The Underlying Basis for Infants’ Greater
Sensitivity to Rattle Sounds

Why do infants and adults demonstrate greater sensitivity to sounds produced by
rattles than those produced by an electronic keyboard? One interpretation of these
findings, and the one offered earlier, is that these two sets of sounds differ in how
transparent they are at revealing the physical properties of the objects and the na-
ture of their interactions. The sounds produced by the rattles (property-rich
sounds) provide information about the physical structure of the objects involved.
For example, from auditory information alone, one could infer that the differ-
ent-sounds events of Experiments 1 and 3 involved two hollow, rigid objects, each
containing a different collection of small rigid objects that moved inside when
shaken. Because these sounds reveal something about the physical structure of the
objects making them, they can be used to draw inferences about the number of ob-
jects present (e.g., each different-sounding rattle specifies a different physical
structure for the object producing it). In contrast, to the novice, the electronic tones
(property-poor sounds) revealed little about the physical properties of the objects
involved in the event. Only someone experienced with keyboards or musical in-
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struments would be able to draw inferences about the properties an object, or parts
of an object, must possess to produce such a sound.

There are alternative interpretations for these findings, however. The rattle
sounds and the electronic tones differed in other ways, any one of which could
have contributed to the pattern of results obtained in these experiments. One way
they differed was in the extent to which they are familiar to infants. Typically,
young infants have more experience with the sounds objects make when they are
shaken, hit against other objects, or dropped to the ground than with sounds that
are produced electronically. Within the context of an individuation task, infants
might be more likely to attend to and use sounds with which they are more familiar.
Another way the sounds differed was in their complexity. The sounds produced by
the interaction of objects in the physical world (e.g., the sound a jar of nails makes
when it is shaken or the sound of a wooden ball as it hits a solid surface) are more
rich and complex in their timbre—the organized pattern of harmonics—than
sounds generated by a simple electronic keyboard. Infants may find these rich and
complex sounds more interesting and, hence, may be more likely to draw on them
when attempting to make sense of an auditory event. Remember, however, that in
Experiment 2B infants were presented with electronic tones that varied on a num-
ber of dimensions, including the notes used, the relation between those notes, and
timbre. Infants still failed to use the tones, which were more complex in their com-
position than the tones of Experiment 2, as the basis for individuating objects. Al-
though certainly not conclusive, these results suggest that sound complexity is not
a determining factor in object identity.*

Another possible explanation for the pattern of results obtained in these experi-
ments has to do with the extent to which infants can discriminate between the
sounds. Infants may find it easier to discriminate between sounds produced by rat-
tles than sounds produced by an electronic keyboard for a number of reasons. In-
fants have more experience, and more varied experience, with rattle sounds than
electronic tones. Typically, it is easier to discriminate between highly familiar
stimuli than more novel stimuli. In addition, sounds produced by the interaction of
objects and their parts—a physical event—might lead infants to draw on their
physical knowledge to interpret the event. Access to this knowledge might facili-
tate infants’ capacity to interpret and use the acoustic information available.

4There is an interesting body of research that focuses on adults’ use of the acoustic signal to reason
about auditory events. Investigators agree that mechanically produced (i.e., natural) sounds have com-
plex acoustic properties, and that the acoustic signal is rich in information about the physical nature of
the objects and their interactions. There is also evidence that specific components of the acoustic signal,
such as temporal pattern or the frequency spectrum, are used to draw conclusions about object and
event attributes (Freed, 1990; Klatzky, Pai, & Krotkov, 2000; Lutfi & Oh, 1997; Repp, 1987; van den
Doel & Pai, 1998; Warren & Verbrugge, 1984; Wildes & Richards, 1988). However, there is no evi-
dence that timbre alone is a particularly salient cue for reasoning about objects. These findings are con-
sistent with the idea that harmonic complexity, per se, is not sufficient to support object individuation.
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Finally, infants’ greater sensitivity to rattle sounds compared with electronic tones
may reflect a tendency to attend to sounds that are more predictable and con-
strained. Objects that emit electronic tones often produce a wide variety of tones
and it is sometimes difficult to predict the sounds that will be produced by such ob-
jects. In contrast, objects that emit rattle sounds produce a small constrained set of
sounds. When faced with an individuation problem, infants may attend to those
sounds that are most reliable and predictable. In fact, because of the unpredictabil-
ity associated with electronic tones, it is possible that young infants do not sponta-
neously link electronic tones to objects.

Although all of these explanations are tenable, there are several reasons to favor
an explanation that focuses on the extent to which sounds reveal something about
the physical nature of objects. First, there is converging evidence that sounds are
critical to infants’ and adults’ interpretation of physical events and that some kinds
of sounds are more useful and informative than others (e.g., Bahrick, 2001; Freed,
1990; Klatzky, Pai, & Krotkov, 2000; Walker-Andrews, 1994; Warren &
Verbrugge, 1984). For example, in their work on intermodal processing Bahrick
(2001) and Walker-Andrews (1994) distinguished between natural and artificial or
arbitrary sounds. Natural sounds are those sounds that reflect a specific relation be-
tween sensory components of an event and the physical nature of the objects in-
volved (e.g., a compressible object makes a soft “squishy” sound when hit against
another object, whereas a rigid object makes a sharp, loud sound). In contrast, arti-
ficial or arbitrary sounds are those sounds that are more constrained by synchrony
(e.g., a pull toy plays music as it is dragged across the floor) than by the properties
of objects. Research indicates that young infants are more sensitive to natural than
artificial or arbitrary sounds. More specifically, young infants are more likely to
detect multimodal correspondences—to recognize the correspondence between
visual and auditory components of an event—if the sounds heard are obviously
tied to the physical structure of the visible object than if the sounds and the object
are linked only in time (Bahrick, 2001; Walker-Andrews, 1994).

Second, there is evidence that infants link specific sounds to objects and recog-
nize that different sounds are produced by structurally distinct objects (Bahrick,
1983, 1987, 1992, 2001). For example, Bahrick (2001) reported that by about 2
months infants recognize that the sound produced by a single large marble rolling
inside of a plastic tube differs from that produced by many smaller marbles, and
can correctly match an auditory event (the sound of one marble v. many marbles)
with the appropriate visual display. In other words, young infants recognize that
hollow objects that contain different “things” (e.g., a single vs. a collection) pro-
duce different sounds. In light of these findings, it is not only plausible, but quite
probable, that the 4.5-month-olds in Experiment 1 recognized that the sounds ema-
nating from behind the screen were produced by moving collections composed of
different things. To be clear, we are not suggesting that 4.5-month-olds are capable
of identifying what those particular things are; however, we are proposing that they
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are capable of recognizing that physically distinct objects or collections produce
different sounds.

A third reason to favor a physical properties explanation has to do with the kind
of information infants use to individuate objects in the visual domain. Recall that
infants are more likely to use form features, such as shape and size, than surface
features, such as color and luminance, as the basis for individuating objects
(Tremelout et al., 2001; Wilcox, 1999; Woods & Wilcox, in press). We suspect that
the developmental hierarchy observed in the visual domain favoring form features,
and the developmental hierarchy observed in the auditory domain favoring prop-
erty-rich features, reflect deeper and more general information processing biases.
In the visual domain, we have argued that infants’ greater sensitivity to form fea-
tures reflects a bias to attend to those features that are intricately tied to objects,
that make reliable and accurate predictions about the outcome of physical events,
and that are most likely to remain stable over time (Wilcox, 1999; Wilcox &
Chapa, 2004; Wilcox et al., 2003). A similar argument could be used to explain in-
fants’ greater sensitivity to property-rich sounds in the auditory domain. Because
property-rich sounds are obviously tied to the physical structure of objects, they
make reliable and accurate predictions about the kind of event in which an object
will engage. For example, an object that produces a “squishy” contact sound is
likely to deform when pressure is applied. Furthermore, because the physical
structure of an object typically does not change, the sounds (or range of sounds) an
object produces is likely to remain stable over time.

Despite the reasons previously outlined to prefer a physical-properties explana-
tion for these findings, caution is warranted. Systematic investigation of alternative
hypotheses will be required before firm conclusions can be drawn about the under-
lying basis for infants’ greater sensitivity to rattle sounds compared with electronic
tones.

Conditions That Might Facilitate Infants’
Use of Property-Poor Sounds

To what extent can early auditory sensitivities be altered? Would infants demon-
strate greater sensitivity to property-poor sounds under more supportive condi-
tions? We proposed earlier that infants’ greater sensitivity to property-rich sounds
compared with property-poor sounds, like infants’ greater sensitivity to visual
form compared with surface features, reflects a bias to attend to object properties
that are obviously linked to the physical nature of objects and that remain stable
over time. Implicit in this analysis is that biases are not fixed but depend on the way
in which the physical world is structured and on the kinds of experiences infants
have in the physical world. One prediction that follows from this analysis is that
modifications in the kinds of experiences infants have with property-poor sounds
could alter infants’ sensitivity to those sounds. If property-poor sounds could be
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made more meaningful, if they could be linked in a natural way to objects, infants
would be more likely to attend to those sounds in an individuation task.

Although this hypothesis has yet to be tested, similar predictions have been
made and tested in the visual domain. For example, Wilcox and her colleagues re-
cently tested the prediction that infants’ sensitivity to surface features can be al-
tered by select experiences that link surface features, in a natural and meaningful
way, to objects (Wilcox & Chapa, 2004; Wilcox, Chapa, & Woods, 2005). One
procedure that has been particularly effective is to pair surface features with object
properties, such as function, to which infants are already sensitive. In one series of
experiments (Wilcox & Chapa, 2004), infants were presented with events, prior to
the individuation task, in which the pattern or the color of an object predicted the
function that it would serve. The results indicated that highlighting the functional
value of attending to surface features, prior to the test session, increased infants’
sensitivity to pattern and color information in the individuation task.

A similar procedure could be used to assess the extent to which infants can be
primed to attend to electronic tones. One object property, besides function, to
which infants are particularly sensitive are the mechanical properties of objects
(e.g., Baillargeon, 1998; Leslie, 1994). Perhaps if infants were shown events in
which the tone an object produced predicted the type of mechanical event in which
it would engage (e.g., collision or occlusion) infants would demonstrate increased
sensitivity to tones in a subsequent individuation task. Findings such as these
would provide converging evidence for the idea that early sensitivities are not fixed
but can be altered by select experiences and shed light on the mechanisms that sup-
port changing sensitivities during the first year.

In conclusion, this research is the first to demonstrate that infants use auditory
information to individuate objects and suggests that infants are more sensitive to
some types of auditory information than others. Future research is needed to, first,
identify the underlying basis for infants’ greater sensitivity to rattle sounds than
electronic tones and, second, assess the extent to which early sensitivities can be
modified. Regardless of the outcome of future research, the results of these experi-
ments make clear that auditory information is an important component of object
individuation in infants and adults, and current models will need to account for
these findings.

ACKNOWLEDGMENTS

This research was supported by grants from the National Institute of Child Health
and Human Development (HD-36741 and HD-46532) to Teresa Wilcox. We
would like to thank Renée Baillargeon and Terrence Barnhardt for many helpful
conversations; Catherine Chapa, Gevel Bruner, Courtney Goff, Dana Heil, Abigail
Howell, Kristin Kuhlman, Sarah McCurry, Erin Miller, Amy Schweinle, Brenna



Downloaded By: [Texas A & M University] At: 15:41 23 July 2008

AUDITORY INFORMATION AND OBJECT INDIVIDUATION 121

Walker, and the undergraduate assistants of the Infant Cognition Laboratories at
Texas A&M University and The University of Texas at Arlington for their help
with data collection; and the parents who kindly agreed to have their infants partic-
ipate in the research.

REFERENCES

Aguiar, A., & Baillargeon, R. (2002). Developments in young infants’ reasoning about occlusion
events. Cognitive Psychology, 45, 267-336.

Aslin, R. (1987). Visual and auditory development in infancy. In J. D. Osofsky (Ed.), Handbook of in-
fant development (2nd ed., pp. 5-97). New York: Wiley.
Aslin, R. N., Jusczyk, P. W., & Pisoni, D. B. (1998). Speech and auditory processing during infancy. In
W. Damon (Ed.), Handbook of child psychology (5th ed., Vol. 2, pp. 147-198). New York: Wiley.
Bahrick, L. (1983). Infants’ perception of substance and temporal synchrony in multimodal events. /n-
fant Behavior and Development, 6, 429-451.

Bahrick, L. E. (1987). Infants’ intermodal perception of two levels of temporal structure in natural
events. Infant Behavior and Development, 10, 387-416.

Bahrick, L. E. (1992). Infants’ perceptual differentiation of amodal and modality-specific audio-visual
relations. Journal of Experimental Child Psychology, 53, 180—199.

Bahrick, L. E. (2001). Increasing specificity in perceptual development: Infants’ detection of nested
levels of multimodal stimulation. Journal of Experimental Child Psychology, 79, 253-270.

Baillargeon, R. (1998). Infants’ understanding of the physical world. In M. Sabourin, F. I. M. Craik, &
M. Robert (Eds.), Advances in psychological science: Vol. 1. Cognitive and biological aspects (pp.
503-529). London: Psychology Press.

Baillargeon, R., & Graber, M. (1987). Where’s the rabbit? 5.5-month-old infants’ representation of the
height of a hidden object. Cognitive Development, 2, 375-392.

Baillargeon, R., Graber, M., DeVos, J., & Black, J. (1990). Why do young infants fail to search for hid-
den objects? Cognition, 36, 225-284.

Baillargeon, R., & Wang, S. (2002). Event categorization in infancy. Trends in Cognitive Sciences, 6,
85-93.

Bonnatti, L., Frot, E., Zangl, R., & Mehler, J. (2002). The human first hypothesis: Identification of
conspecifics and individuation of objects in the young infants. Cognitive Psychology, 44, 388—-426.

Clifton, R., Perris, E., & Bullinger, A. (1991). Infants’ perception of auditory space. Developmental
Psychology, 27, 187-197.

Craton, L., Poirier, C., & Heagney, C. (1998, April). Perceptual completion and object segregation in
infancy. Paper presented at the International Conference on Infant Studies, Atlanta, GA.

Freed, D. J. (1990). Auditory correlates of perceived mallet hardness for a set of recorded percussive
sounds events. Journal of the Acoustic Society of America, 87, 311-322.

Gibson, E. J., Owsley, C. J., & Johnston, J. (1978). Perception of invariants by five-month-old infants:
Differentiation of two types of motion. Developmental Psychology, 14, 407—415.

Gibson, E. I., Owsley, C. J., Walker, A., & Megaw-Nyce, J. (1979). Development of the perception of
invariants: Substance and shape. Perception, 8, 609-619.

Gibson, E. J., & Walker, A. S. (1984). Development of knowledge of visual-tactual affordances of sub-
stance. Child Development, 55, 453—460.

Hespos, S. (2000, July). Tracking individual objects across occlusion and containment events in
6.5-month-old infants. Paper presented at the International Conference on Infant Studies, Brighton,
England.



Downloaded By: [Texas A & M University] At: 15:41 23 July 2008

122 WILCOX, WOODS, TUGGY, NAPOLI

Klatzky, R. L., Pai, D. K., & Krotkov, E. P. (2000). Perception of material from contact sounds, Pres-
ence, 9, 399-410.

Kotovsky, L., & Baillargeon, R. (1998). The development of calibration-based reasoning about colli-
sion events in young infants, Cognition, 67, 311-351.

Leslie, A. M. (1994). ToMM, Toby, and Agency: Core architecture and domain specificity. In L.
Hirschfeld & S. Gelman (Eds.), Mapping the mind: Domain specificity in cognition and culture (pp.
119-148). New York: Cambridge University Press.

Leslie, A. M, & Glanville, M. (April, 2001). Is individuation by feature in young infants limited by at-
tention or by working memory? Paper presented at the biennial meeting of the Society for Research
in Child Development, Minneapolis, MN.

Leslie, A. M., & Keeble, S. (1987). Do six-month-old infants perceive causality? Cognition, 25,
265-288.

Leslie, A. M., Xu, F.,, Tremoulet, P., & Scholl, B. (1998). Indexing and the object concept: Developing
“what” and “where” systems. Trends in Cognitive Sciences, 2, 10-18.

Lutfi, R. A., & Oh, E. L. (1997). Auditory discrimination of material changes in a struck-clamped bar.
Journal of the Acoustic Society of America, 102, 3647-3656.

Needham, A. (1999). The role of shape in 4-month-old infants’ segregation of adjacent objects. Infant
Behavior and Development, 22, 161-178.

Needham, A., & Baillargeon, R. (2000). Infants’ use of featural and experiential information in segre-
gating and individuating objects: A reply to Xu, Carey and Welch (2000). Cognition, 74, 255-284.

Perris, E. E., & Clifton, R. K. (1988). Reaching in the dark toward sound as a measure of auditory loca-
tion in infants. Infant Behavior and Development, 11, 473-491.

Pickens, J. (1994). Perception of auditory-distance relations by 5-month-olds infants. Developmental
Psychology, 30, 537-544.

Repp, B. H. (1987). The sounds of two hands clapping: An exploratory study. Journal of the Acoustic
Society of America, 81, 1100-1109.

Spelke, E. S., Breinlinger, K., Macomber, J., & Jacobson, K. (1992). Origins of knowledge. Psycholog-
ical Review, 99, 605-632.

Spelke, E. S., Kestenbaum, R., Simons, D.J., & Wein, D. (1995). Spatiotemporal continuity, smoothness
of motion and objectidentity ininfancy. British Journal of Developmental Psychology, 13, 113-143.
Starkey, P., Spelke, E. S., & Gelman, R. (1983). Detection of intermodal numerical correspondences by

human infants. Science, 222, 179-181.

Starkey, P., Spelke, E. S., & Gelman, R. (1990). Numerical abstraction by human infants. Cognition, 36,
97-1217.

Tremoulet, P. D., Leslie, A. M., & Hall, G. D. (2001). Infant individuation and identification of objects.
Cognitive Development 15, 499-522.

van den Doel, K., & Pai, D. K. (1998). The sounds of physical shapes. Presence, 7, 382-395.

vanMarle, L., & Wynn, K. (2002, April). 7-month-old infants’ sensitivity to number in the auditory do-
main. Paper presented at the biennial meeting of the International Conference on Infant Studies, To-
ronto, Canada.

Walker, A., Owsley, C., Megaw-Nyce, J., Gibson, E. J., & Bahrick, L. (1980). Detection of elasticity as
an invariant property of objects by young infants. Perception, 9, 713-718.

Walker-Andrews, A. (1994). Taxonomy for intermodal relations. In D. J. Lewkowicz & R. Lickliter
(Eds.), The development of intersensory perception: Comparative perspectives (pp. 39-58).
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.

Warren, W. H., & Verbrugge, R. R. (1984). Auditory perception of breaking and bouncing events: A
case study of ecological acoustics. Journal of Experimental Psychology: Human Perception and Per-
formance, 10, 7104-712.

Wilcox, T. (1999). Object individuation: Infants’ use of shape, size, pattern, and color. Cognition, 72,
125-166.



Downloaded By: [Texas A & M University] At: 15:41 23 July 2008

AUDITORY INFORMATION AND OBJECT INDIVIDUATION 123

Wilcox, T. (2003). Event-mapping tasks: Investigating the effects of prior information and event com-
plexity on performance. Infant Behavior and Development, 26, 568-587.

Wilcox, T., & Baillargeon, R. (1998a). Object individuation in infancy: The use of featural information
in reasoning about occlusion events. Cognitive Psychology, 37, 97-155.

Wilcox, T., & Baillargeon, R. (1998b). Object individuation in young infants: Further evidence with an
event monitoring task. Developmental Science, 1, 127-142.

Wilcox, T., & Chapa, C. (2002). Infants’ reasoning about opaque and transparent occluders in an indi-
viduation task. Cognition, 85, BI-B10.

Wilcox, T., & Chapa, C. (2004). Priming infants to use color and pattern information in an individuation
task. Cognition, 90, 265-302.

Wilcox, T., & Chapa, C., & Woods, R. (2005). Multisensory exploration and object individuation in in-
Jants. Manuscript in preparation.

Wilcox, T., & Schweinle, A. (2002). Object individuation and event mapping: Infants’ use of featural
information. Developmental Science, 5, 87-105.

Wilcox, T., & Schweinle, A. (2003). Infants’ use of speed of motion to individuate objects in occlusion
events. Infant Behavior and Development, 182, 1-30.

Wilcox, T., Schweinle, A., & Chapa, C. (2003). Object individuation in infancy. In F. Fagan & H. Hayne
(Eds.), Progress in infancy research (Vol. 3, pp. 193-243). Mahwah, NJ: Lawrence Erlbaum Associ-
ates, Inc.

Wildes, R. P., & Richards, W. A. (1988). Recovering material properties from sounds. In W. Richards
(Ed.), Natural computation (pp. 356-363). Cambridge, MA: MIT Press.

Woods, R., & Wilcox, T. (in press). Infants’ ability to use luminance information to individuate objects.
Cognition.

Woodward, A., & Sommerville, J. A. (2000). Twelve-month-old infants interpret action in context.
Psychological Science, 11, 73-77.

Xu, F. (2002). The role of language in acquiring object kind concepts in infancy. Cognition, 85,
223-250.

Xu, F,, & Carey, S. (1996). Infants’ metaphysics: The case of numerical identity. Cognitive Psychology,
30, 111-153.



