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on the Basis of Amodal Relations
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Infants of 3.5 months (

 

N

 

 

 

�

 

 124) were given the opportunity to learn to relate two objects and their natural, dis-
tinctive sounds during a training phase. The objects and sounds were united by temporal synchrony and
amodal audiovisual information specifying object composition. Infants then participated in one of three types
of transfer tests (requiring low, moderate, or high degrees of generalization) to measure the extent to which in-
termodal knowledge generalized to a new task and across events (familiar events; change in color/shape;
change in substance, motion, and color/shape). Results indicated that infants tested with the familiar events
and with events of a new color/shape showed learning and transfer of knowledge. In contrast, infants tested
with events of a new substance, motion, and color/shape showed no generalization of learning. Thus, infants
of 3.5 months appear to show a moderate degree of generalization of intermodal knowledge across events. Al-
though this knowledge is not restricted to the events of original learning, it cannot yet be flexibly extended
across a variety of contexts.

 

INTRODUCTION

 

Research indicates that detection of amodal informa-
tion is one of the earliest and most important bases for
perceptual development and learning (Bahrick 1992,
1994, 2001; Bahrick & Lickliter, 2000; Gibson & Pick,
2000; Lewkowicz, 2000; Lewkowicz & Lickliter, 1994;
Walker-Andrews, 1997). Sensitivity to the temporal
and spatial parameters of stimulation allows infants
to abstract order from the dynamic flux of visual,
acoustic, proprioceptive, and tactile stimulation of
everyday experience. Infants must somehow parse
this dynamic multimodal gestalt into meaningful
events. The detection of amodal relations such as tem-
poral synchrony, rhythm, and tempo common to
sights and sounds enables infants to determine which
patterns of auditory and visual stimulation belong to-
gether and constitute unitary events and which are
unrelated (Bahrick, 2001; Bahrick & Pickens, 1994).
Amodal auditory–visual relations serve as the basis
for perceiving and learning about the substance and
composition of objects (Bahrick, 1987, 1988, 1992),
their changing distance (Pickens, 1994; Walker-
Andrews & Lennon, 1985), the affect conveyed in faces
and voices (Walker, 1982; Walker-Andrews, 1986,
1997), the gender and age of a speaker (Bahrick,
Netto, & Hernandez-Reif, 1998; Walker-Andrews,
Bahrick, Raglioni, & Diaz, 1991), and the relation be-
tween speech sounds and the objects they refer to
(Gogate & Bahrick, 1998; Gogate, Bahrick, & Watson,
2000). Detection of amodal relations has been found
to emerge developmentally prior to detection of
arbitrary intersensory relations (Bahrick, 1992, 1994,
2001), and amodal relations have been found to serve
as the basis for and can guide and constrain learning

about other embedded, more specific relations (Bah-
rick, 2001;

 

 

 

Gogate & Bahrick, 1998; Gogate et al., 2000;
Hernandez-Reif & Bahrick, 2001). For example, syn-
chronizing the motion of an object with its verbal
label facilitates learning of the arbitrary relation be-
tween the object and label (Gogate & Bahrick, 1998).
Thus, amodal relations are detected early in infancy
and can serve as the basis for perceiving a diverse
array of meaningful properties of events.

Despite the importance of detecting amodal rela-
tions for organizing, constraining, and promoting
perceptual and cognitive development, less research
has investigated the nature of intermodal learning
(but, for examples, see Adolph, 1997; Bahrick, 1988;
Eppler, 1995; Gogate et al., 2000; Morrongiello, Fen-
wick, & Nutley, 1998; Thelen, 2000; Thelen & Smith,
1994), and virtually no research has investigated the
nature of generalization and transfer of training on
the basis of amodal relations. The generalization of
knowledge across domains, however, is a foundation
for cognitive development. Once information is de-
tected in one domain, it must be extended to other ap-
propriate domains, events, and contexts and, of equal
importance, it must not be extended to inappropriate
domains, events, or contexts. What rules govern this
process of generalization and how do they change de-
velopmentally and as a function of the nature of the
information detected?

Some researchers (e.g., Brown, 1982: Brown &
Campione, 1981; Flavell, 1963; Piaget, 1954; Rozin,
1976) have suggested that knowledge in young chil-
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dren is at first tied to the original learning context and
only later becomes flexibly extended across domains.
Flexible extension of knowledge is thought to be the
hallmark of intelligent functioning (Rozin, 1976).
How does the foundation for the flexible extension of
knowledge emerge in infancy? Research in a number
of domains suggests that the knowledge of young in-
fants is not tightly tied to the learning context. Rather,
infants develop generalized expectancies and show
generalization of rules to new domains. For example,
young infants categorize objects and events on the ba-
sis of similarity and can generalize to new exemplars
of the category and discriminate those exemplars from
members of other categories (Bahrick & Pickens,
1988; Hayne, 1996; Hayne, Rovee-Collier, & Perris,
1987; Kuhl, 1985; Mandler, 2000; Quinn & Eimas,
1996). Some researchers argue that categorization and
concept formation may progress developmentally
from global to more specific or basic levels (Mandler,
2000; Mandler & McDonough, 1983; Quinn & Johnson,
2000). Research on speech perception suggests that
young infants can abstract statistical regularities in
continuous speech that specify word boundaries and
word structure. They can do this based on learning
during a short exposure even with a new “language”
(Aslin, Saffran, & Newport, 1998; Saffran, Aslin, &
Newport, 1996), and can generalize a familiar struc-
ture to novel words (Marcus, Vijayan, Bandi Rao, &
Vishton, 1999), implying implicit rule learning and
generalization across speech sounds. Further, research
in the area of object perception also suggests that in-
fants form generalized expectations about the physi-
cal laws governing objects, their changes in locations,
and their behaviors; and that when those expecta-
tions are violated, infants respond with increased in-
terest (Baillargeon, 1987; Baillargeon, Spelke, & Wasser-
man, 1985; for a review, see Baillargeon, 1995). Little
research, however, has directly investigated the na-
ture and development of generalization and transfer
of training in infancy.

One exception has been research using the mobile
conjugate reinforcement paradigm (e.g., Fagen &
Rovee-Collier, 1983; for reviews, see Rovee-Collier &
Hayne, 1987; Rovee-Collier, Hayne, & Colombo,
2001). In this method, infants are typically trained, in
two sessions, to cause a mobile to move by kicking
their leg. Memory for a variety of factors, including
the nature of the training mobile and its context, is as-
sessed following a delay by examining the level of the
operant response. In these studies, infants typically
show generalized responding to similar mobiles in
similar contexts. Given that infants appear to delight
in causing the crib mobile to move, however, it is
somewhat surprising that responding is not broadly

generalized to a wide variety of mobiles and con-
texts. In fact, transfer of the operant response appears
to be remarkably specific in early infancy and rela-
tively tied to the training mobile and its original
learning context (Butler & Rovee-Collier, 1989; Hayne
& Rovee-Collier, 1995; Hayne et al., 1987). For exam-
ple, using a novel mobile or changing only two ele-
ments of the five-element mobile can completely dis-
rupt memory (Hayne & Findlay, 1995; Hayne, Greco,
Earley, Griesler, & Rovee-Collier, 1986; Rovee-Collier,
Patterson, & Hayne, 1985), and training in the context
of one distinctive crib liner and testing in the context of
another can also disrupt responding (Borovsky &
Rovee-Collier, 1990; Rovee-Collier, Griesler, & Earley,
1985). Variable training, however, in which infants are
trained with different mobiles or different contexts,
has been found to facilitate generalization and trans-
fer of training to new mobiles or contexts (Greco,
Hayne, & Rovee-Collier, 1990; Hayne et al., 1987;
Shields & Rovee-Collier, 1992). Further, memory re-
trieval appears to become more flexible with age,
such that a wider array of stimuli can serve as effec-
tive reminders (Hartshorn et al., 1998; Hayne, Mac-
Donald, & Barr, 1997; Timmons, 1994), and specific
details are apparently forgotten prior to more general
aspects over time (Hayne & Rovee-Collier, 1995;
Rovee-Collier & Sullivan, 1980). In one study (Tim-
mons, 1994), 6-month-olds learned two operant tasks
(a leg kick that activated a mobile and an arm pull
that activated a music box). Although memory for the
response–reinforcer pairing remained specific and
distinct, transfer of a general rule (a response acti-
vates an object) was evident because each object effec-
tively served as a retrieval cue for either task. Taken
together, these findings provide a rich source of infor-
mation about the nature of learning and generaliza-
tion of an operant response in the context of a unique
paradigm, and suggest that learning is relatively con-
text and event specific, at least in early infancy. The
extent to which these findings generalize to other do-
mains and paradigms is not known, nor is the devel-
opmental picture clear (but see Hayne et al., 1997;
Herbert & Hayne, 2000). Is knowledge in infancy ini-
tially tied to the context in which it is learned and
only later flexibly extended, or is knowledge more
global and easily generalized at first and then be-
comes more specific with experience (Bahrick, 2001;
Gibson, 1969; Mandler, 2000; Mandler & McDon-
ough, 1993; Quinn & Johnson, 2000)? The findings of
research using the mobile conjugate reinforcement
paradigm appear most consistent with the view that
knowledge is initially specific and tied to the learning
context, and through development becomes more
flexibly extended. These findings appear to contrast
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with those of generalized expectancies and general-
ization of rules in areas such as categorization and
speech perception discussed above.

In the domain of intersensory development, virtu-
ally nothing is known about these important ques-
tions. Once infants detect amodal regularities across
visual and acoustic stimulation, when, to what extent,
and under what conditions do they generalize this
knowledge to new events and contexts? For example,
how and when do infants generalize knowledge of in-
variant audiovisual relations specifying age, gender,
or affect of speaker; object composition; substance; or
number to new events? In one study (Bahrick, 1992),
we investigated 3-month-old infants’ ability to detect
amodal temporal synchrony and amodal temporal
microstructure that specified object composition and
united the sights and sounds of objects impacting a
surface.

 

 

 

The infants were habituated to two objects—
a single object and a cluster of smaller objects (com-
pound object)—that were struck against a surface to
produce natural impact sounds. During subsequent
test trials, infants showed visual recovery to a change
in synchrony and to a change in the pairing of the
sound and object. Apparently they were able to detect
the temporal synchrony and the temporal microstruc-
ture that specified the object composition; that is,
whether it was a single or a compound object. Infants
did this by detecting the temporal information com-
mon to the sights and sounds of the object’s impact
(see Bahrick 1988, 1992, 2001). Single objects produce
impact sounds and trajectory changes that are single,
discrete, and rapid, whereas compound objects pro-
duce impact sounds and trajectory changes that are
more complex, prolonged, and have a more gradual
onset. This temporal microstructure specifies the
composition of the object and becomes an especially
salient aspect of stimulation for infants by 3 months
of age (Bahrick, 2001). In fact, 3-month-olds learn to
match films and soundtracks of objects striking a sur-
face on the basis of synchrony and temporal micro-
structure, and fail to show this intermodal learning
when temporal microstructure is incongruent, even
when the sights and sounds are synchronous (Bah-
rick, 1988). The present research extended this prior
work by exploring the nature and extent of general-
ization of learning about these properties of events.
Once infants learn to detect the audiovisual temporal
microstructure in one event context, to what extent
does this intermodal knowledge generalize to other
similar events? Once infants learn that a single object
produces a single, discrete impact sound and a com-
pound object produces a complex, prolonged impact
sound, to what extent does this knowledge generalize
to new objects and contexts? Do infants perceive

these temporal relations across a variety of events and
domains, or is this intermodal knowledge at first bound
to the context in which it was originally detected?

To begin to explore these questions, 3.5-month-old
infants were given the opportunity, during a habitua-
tion procedure, to learn to relate a single object with
its impact sound, and a compound object with its nat-
ural distinctive impact sound. Our goal was to exam-
ine whether infants who had abstracted the temporal
synchrony and information that specified object com-
position during the training could use this informa-
tion in a test phase to match films with their appropri-
ate soundtracks and could generalize to novel events.
To address these issues, infants participated in one of
three types of generalization tests in a two-screen, in-
termodal preference procedure. The tests required
low, moderate, or high degrees of generalization from
the events of training. In the low-generalization con-
dition, the test events were identical and only the test
format differed from that of training. In the moderate-
generalization condition, the test events were of a
novel color and shape; and in the high-generalization
condition, the test events were of a novel substance,
motion, and color and shape. Age-matched control
infants received habituation with irrelevant events
and showed no evidence of matching the appropriate
films and soundtracks. Because of this and because
prior research with the same test method has shown
that 3-month-olds showed no evidence of matching
films and soundtracks on the basis of temporal syn-
chrony and microstructure without prior training
(Bahrick, 1988), any evidence of intermodal matching
and generalization was considered primarily a result
of learning during the habituation/training session
rather than a result of prior knowledge.

 

METHOD

 

Participants.

 

One hundred twenty-four infants (62
males, 62 females), 3.5 months of age (

 

M

 

 

 

�

 

 112.7 days,

 

SD

 

 

 

�

 

 7.06) participated in the study. Thirty-eight ad-
ditional infants participated, but their data were not
included because of experimenter error (

 

n 

 

�

 

 4),
equipment failure (

 

n 

 

�

 

 1), excessive fussiness (

 

n 

 

�

 

 20),
falling asleep (

 

n 

 

�

 

 4), failure to habituate (

 

n

 

 

 

�

 

 3), or
failure to meet the attention (

 

n 

 

�

 

 1) or habituation cri-
teria (

 

n

 

 

 

�

 

 5; see Procedure section for details). The in-
fants were all healthy with no known complications
of delivery, and had Apgar scores of 9 or above. The
infants came from primarily middle-class families
with parents who each had at least 12 years of educa-
tion. Approximately 44% were White, 46% were His-
panic, 3% were Black, 2% were Asian, and 5% were of
other ethnicities.
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Stimulus events.

 

The stimulus events were color
video films of four pairs of audiovisual events (see
Figure 1) that had been used in prior studies (Bahrick,
1992, 1994). Each pair of events depicted two types of
objects: one composed of a single, solid element
(single object) and the other composed of a cluster
of smaller elements (compound object). All objects
were shown striking against a surface in an erratic
temporal pattern along with their natural impact
sounds. Each single object produced a single, abrupt
impact sound and a correspondingly abrupt trajectory
change, whereas each compound object produced a
slightly more prolonged, complex impact sound and
a correspondingly complex trajectory change. The
single and compound objects within a pair were of
the same color and shape. Event pairs differed from
one another, however, in terms of color and shape; or
in terms of color, shape, substance (metal versus
plastic), and type of motion (dropping versus strik-
ing). For example, one event set depicted metal ob-
jects suspended from a string, dropping against a sur-
face in an erratic pattern. One of these pairs consisted
of a large, orange, hexagonal nut and a group of
small, orange, hexagonal nuts. The other pair differed
from it only in terms of color and shape, and

consisted of a large, yellow washer and a group of
small, yellow washers. Previous research (Bahrick,
1992, Experiment 3) has shown that infants of 3.5
months are able to discriminate all the moving objects
used in the present study on the basis of changes in
color and shape, in procedures identical to those
used here. In the present study, transfer of learning
across events within a set that differed in terms of
color and shape was considered to reflect a “moder-
ate” degree of generalization. The other event set de-
picted plastic objects held from behind. The objects
were struck against two surfaces in an erratic back-
and-forth pattern. These events differed from those of
the metal objects in terms of the type of motion and
substance, as well as the color and shape of the ob-
jects. Transfer of learning across events from differ-
ent sets was considered to reflect a “high” degree of
generalization.

All events depicted objects striking against a sur-
face in an erratic temporal pattern at an average rate
of approximately 40 impacts per minute. Each pair of
events made two types of amodal temporal structure
available: temporal synchrony across impacts and
temporal microstructure that specified the composi-
tion of the object (single versus compound). In addi-
tion to the primary stimulus events, a control stimu-
lus was also used. It depicted a green and white
plastic toy turtle, whose front legs spun and pro-
duced a whirring sound.

 

Apparatus.

 

Events were videotaped using a Pana-
sonic WV 3170 color camera and a Sony EMC-150T
remote microphone (see Bahrick, 1992). They were
presented using a Panasonic VHS AGA750 edit con-
troller connected to three Panasonic decks (AG-7750
and AG-6500). By using three decks, displays could
be changed without the time and noise resulting from
changing cassettes across decks.

Infants were seated in a standard infant seat with
two 19-inch (48 cm) video monitors (Sony KV-20M10)
about 55 cm away. A set of bells was hung between the
two monitors to direct infant attention to between
the two screens during the test procedure. The video
monitors were surrounded by black curtains and
poster board. Three apertures—one to the upper
right, one in the center, and one to the upper left of the
monitors—allowed observers to view the infants’ vi-
sual fixations to the displays. The soundtracks were
played at about 65 dB and emanated from a speaker
centered between and just beneath the two displays.

For conditions in which asynchronous sounds
were presented, the natural soundtracks had been
dubbed onto the video films so that they were out of
phase with the motions of the objects and were unsys-
tematically related to them. Inappropriate and syn-

Figure 1 Photograph of the single and compound event pairs
used. (Reprinted with permission from Bahrick, 1992.)
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chronous soundtracks for each event were also used.
They had been created by filming one event through
the window of a soundproof box while recording the
sounds of the other, simultaneously occurring event
(see Bahrick, 1992).

A trained observer, unaware of the infant’s condi-
tion, monitored the visual fixations to the displays by
using a set of buttons connected to a personal com-
puter in an adjacent room. During the habituation/
training phase, the observer depressed a button while
the infant fixated the video image. The computer was
programmed to signal to the experimenter who con-
trolled the video displays each time the infant looked
away for 1.5 s, and after the infant reached the habit-
uation criterion. During the two-screen test sequence,
the observer depressed one button while the infant
fixated the left-hand screen and another button while
the infant fixated the right-hand screen. For the two-
screen test and the habituation phases, a permanent
record of the infant’s visual fixation pattern was re-
corded on line.

 

Procedure.

 

Infants were randomly assigned to one
of three generalization conditions (low, moderate, or
high; 

 

n

 

 

 

�

 

 36 in each condition), or to a control group
(

 

n

 

 

 

�

 

 16). All infants except the controls were first
trained in an infant-controlled habituation procedure
(Horowitz, Paden, Bhana, & Self, 1972) with a given
pair of events depicting a single and a compound ob-
ject. The events were played with their natural and
synchronous sounds. The event pair was counterbal-
anced such that one fourth of the infants (

 

n

 

 

 

�

 

 9) in
each generalization condition (

 

n

 

 

 

�

 

 36) received train-
ing with each of the four event pairs. During the ha-
bituation sequence, trials of the single and compound
events alternated until infants reached the habitua-
tion criterion. The end of a trial was defined by a 1.5-s
look away and a ceiling of 60 s was set as the maxi-
mum trial length. Once infants had met the habitua-
tion criterion (a fixation decrement of 50% or greater
on two consecutive trials relative to the infant’s fixa-
tion level on the first two trials), they then received
two no-change posthabituation trials (to control for
regression effects; for a discussion of these effects, see
Bertenthal, Haith, & Campos, 1983).

 

 

 

If an infant failed
to meet the habituation criterion within 20 trials, that
infant’s data were excluded from the study. Follow-
ing the posthabituation trials, infants received two
test trials to assess whether they had indeed detected
the temporal synchrony and temporal microstructure
that specified object composition during the training
phase. The synchrony test consisted of two trials in
which the familiar events were played moving out of
synchrony with their appropriate sounds. The test for
temporal microstructure that specified object compo-

sition consisted of two trials in which the relation be-
tween the sounds and events was switched such that
the single object moved in synchrony with the com-
pound sound and the compound object moved in
synchrony with the single sound. Controls received
no change during the two test trials. One third of the
infants within each event pair group (

 

n 

 

�

 

 12) each re-
ceived test trials to assess detection of the change in
synchrony or composition, or no change during test.
Just prior to and after the habituation sequence, the
attention control display (turtle) was presented as a
warm-up trial and to check for fatigue. Infants were
then removed from the seat.

Following a 5-min delay, the two-screen general-
ization test began. Infants were returned to the infant
seat, and the seat was centered between two video
screens. Only infants who successfully completed
the habituation phase were included in the general-
ization test. Infants participated in their preassigned
test condition, assessing low, moderate, or high de-
grees of generalization. In the low-generalization
condition, infants viewed the same events that they
had received during training; only the testing for-
mat and nature of the test differed. In the moderate-
generalization condition, infants viewed events from
the same event set that depicted only a new color and
shape. In the high-generalization condition, infants
viewed events from the other event set that depicted a
new color and shape, as well as new substance and
type of motion. The format for all generalization tests
was identical; only the events differed. During each
trial, infants viewed a single and a compound event
from a given event pair. Events were presented side
by side across two identical blocks of six 15-s trials.
The objects were each shown moving in an erratic
temporal pattern, and the synchronous and appropri-
ate soundtrack to one of them was played through
the central speaker. During a trial block, infants re-
ceived three trials with the soundtrack to one event,
and three trials with the soundtrack to the other
event. The soundtracks were played in a random
order with the restriction that no soundtrack be
played more than twice in succession. The two trial
blocks were identical except that across blocks the
lateral positions of the two films were switched. Half
the infants in each generalization condition received
the single object on the right-hand screen and the
compound object on the left during the first block,
and the reverse arrangement during the second
block. The other half of the infants received the oppo-
site arrangement.

The two trial blocks were designed to serve as sep-
arate measures of matching. Under some conditions
infants require some time to demonstrate matching,
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and Block 2 is then the most informative measure
(e.g., for younger infants and more difficult tasks,
such as 4-month olds in Bahrick et al., 1998; 4-month-
olds in Walker-Andrews et al., 1991). Under other
conditions, infants catch on quickly and may show
matching only in Block 1 (e.g., for older infants or eas-
ier tasks, such as 6-month-olds

 

 

 

in Experiments 2 and
4 of Bahrick, 1983; 7-month-olds in Bahrick et al.,
1998; 6-month-olds in Experiment 2, Walker-Andrews
et al., 1991). The trials were also designed to allow for
a meaningful secondary measure of matching, the
proportion of first looks (PFL) to the matching film.
Each trial began with one audible impact sound and
immediately afterward the two films appeared simul-
taneously so that infants could use the nature of the
sound to guide their first looks to the appropriate
film. Thus, if infants were somewhat bored with the
filmed events, they might nevertheless orient (look
first) to the sound-matched film, even if the matching
films did not elicit sustained attention (reflected in the
proportion of the total looking time, PTLT measure).

Infants were expected to look preferentially to the
sound-synchronized and appropriate film if they had
detected temporal synchrony and microstructure that
specified object composition during the habituation/
training phase and were able to transfer this knowl-
edge from the training phase to the two-screen prefer-
ential looking test phase. That is, if they could abstract
the invariant relations and generalize the knowledge
that a single object makes a single sound and a com-
pound object makes a complex sound, then they
should look appropriately during the two-screen gen-
eralization test. Thus, the primary dependent vari-

able for the test phase was the PTLT to the sound-
matched film. The secondary measure was the PFL.

In addition, a control group consisting of 16 infants
participated in the two-screen preferential looking
test without the opportunity to learn about the films
and soundtracks during the prior habituation/training
phase. Because they were not shown the single and
compound events prior to the generalization test, the
test involved novel objects and sounds and infants’
performance reflected generalization from past expe-
rience with objects and events in their environments.
Further, to roughly equate control infants for prior ex-
posure to the experimental setup, the habituation
task, and fatigue with those of the other conditions,
control infants received habituation to irrelevant
stimulus events (faces of males and females, 

 

n 

 

�

 

 7; or
one of two rhythms depicted by a plastic hammer
tapping, 

 

n 

 

�

 

 9) in the same format as described in the
experimental conditions, including posthabituation
and test trials. They then participated in the two-
screen test, with event pair and lateral position coun-
terbalanced as above. In the two-screen test, it was ex-
pected that control infants would show no evidence
of matching the films and soundtracks following the
irrelevant habituation. If that were the case, any evi-
dence of matching in the experimental groups could
be considered a result of the habituation/training.
Table 1

 

 

 

depicts the general design of the experiment
and describes conditions of the generalization test
with respect to those of the habituation sequence.

For the habituation/training phase, infants’ data
were examined to determine whether two criteria
had been met, one for habituation and the other for

 

Table 1 Study Design: Events and Conditions of the Generalization Test with Respect to Those of
the Habituation Sequence

 

a

 

Habituation Sequence: 
Habituation/Training Phase

Habituation Sequence: 
Visual Recovery Test

Intermodal Preference: 
Generalization Test

Alternating single and 
compound events (

 

n

 

 

 

�

 

 36)
No-change control (

 

n

 

 

 

�

 

 12)
Synchrony change (

 

n

 

 

 

�

 

 12)
Low: Change in test 

format only (

 

n

 

 

 

�

 

 36)
Composition change (

 

n

 

 

 

�

 

 12)

Alternating single and
compound events (

 

n

 

 

 

�

 

 36)
No-change control (

 

n

 

 

 

�

 

 12)
Synchrony change (

 

n

 

 

 

�

 

 12)
Composition change (

 

n

 

 

 

�

 

 12)

Moderate: Change in test 
format, and object color and 
shape (

 

n

 

 

 

�

 

 36)

Alternating single and
compound events (

 

n

 

 

 

�

 

 36)
No-change control (

 

n

 

 

 

�

 

 12)
Synchrony change (

 

n

 

 

 

�

 

 12)
Composition change (

 

n

 

 

 

�

 

 12)

High: Change in test format, 
object color and shape, motion,
and substance (

 

n

 

 

 

�

 

 36)

Irrelevant control events 
(faces talking or hammers 
tapping a rhythm; 

 

n

 

 

 

�

 

 16)

Change in face or rhythm
(

 

n

 

 

 

�

 

 16)
Control: Change in test format, 

object color and shape, motion,
substance, sound, and event
 type (

 

n

 

 

 

�

 

 16)

 

a

 

Habituation/training phase and visual recovery test.
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attention and fatigue. To ensure that infants had ha-
bituated to the two displays, data from infants whose
mean posthabituation fixation level exceeded that of
their mean initial fixation level (baseline) were ex-
cluded from the study (

 

n 

 

�

 

 5). To make certain that in-
fants were not overly fatigued and unable to show vi-
sual recovery, the fixation time during the final
control trial was compared with that of the initial con-
trol trial. The data of infants whose final fixation level
was less than 20% of their initial fixation level were
also excluded (

 

n

 

 

 

�

 

 1). The remaining infants in the
sample showed substantial looking levels on the final
control trial (median 

 

�

 

 99.5% of the initial fixation
level; 

 

M

 

 

 

�

 

 179%, 

 

SD 

 

�

 

 278%).
During the two-screen generalization test phase,

infants’ data were examined to ensure that they had,
in fact, noticed both visual displays during each trial
block. Infants were required to fixate the least pre-
ferred side at least 5% of the time during a trial block
for their data to be included. No data were excluded
for failure to meet this fixation criterion.

A secondary observer monitored infants’ visual
fixations for 17% of the sample (22 of the 124 infants)
during the habituation/training phase and 29% of the
sample (36 of 124 infants) during the generalization
test. For each infant, fixation times were calculated in-
dependently on the basis of observations made by the
primary and secondary observers. For the habitua-
tion phase, a Pearson product-moment correlation
between the observations of the primary and second-
ary observers for the looking time on each trial served
as the measure of reliability and averaged .98 (

 

SD

 

 

 

�

 

.07). For the two-screen generalization test, the PTLT
to the matching film was calculated for each trial
based on separate data of each observer and a Pearson
product-moment correlation between these propor-
tions was derived. The mean interobserver reliability
was .93 (

 

SD 

 

�

 

 .07).

 

RESULTS

 

Measures.

 

To assess whether infants detected tem-
poral synchrony and temporal microstructure that
specified object composition during the habituation/
training phase, visual recovery to the two test dis-
plays was calculated. The mean number of seconds
looking during the two no-change posthabituation
trials was subtracted from the mean of the two test tri-
als for each infant. This difference score reflected the
change in looking time to the test displays relative to
the infant’s own fixation level to the two habituation
displays just after the criterion was met. Recovery
scores were averaged across infants within each con-
dition to obtain a mean recovery score that reflected

the degree to which infants detected the temporal in-
formation during the habituation/training phase. Re-
covery scores were tested using a 

 

t 

 

test against the
chance recovery of 0 to determine whether infants
showed significant evidence of detecting the tempo-
ral information.

The measure of primary interest was the PTLT
to the sound-matched film during the two-screen
intermodal generalization test. For the experimental
groups, this reflected the extent to which infants were
able to generalize knowledge about audiovisual
temporal relations that was abstracted during the
habituation/training phase to guide exploration dur-
ing the test. Proportions were derived for each trial
separately and then averaged to obtain a mean
proportion across the six trials comprising Block 1
and the six trials comprising Block 2. A mean PTLT
was also derived by averaging across the two blocks
for each infant, but this measure was not significant for
any group and is not discussed further. Proportions
above .50 indicated greater looking to the sound-
matched film, whereas proportions below .50 indi-
cated greater looking to the sound-mismatched film.
To determine whether matching was significant,

 

t

 

 tests were conducted on the PTLTs against the
chance value of .50.

The PFL directed toward the sound-matched film
was also calculated as a secondary measure of inter-
modal matching. For each block, the number of trials
on which infants looked first toward the sound-
matched film was divided by the total number of tri-
als in that block (

 

n 

 

�

 

 6). Proportions were derived for
each block separately. As with the PTLTs, a mean PFL
was also derived for the two blocks averaged, but was
not informative and thus is not discussed further.

 

Irrelevant habituation control condition.

 

Results of the
control group were first analyzed to ascertain whether
infants showed any evidence of matching the films
and soundtracks on the basis of temporal relations
during the two-screen generalization test without the
benefit of prior exposure to the films and soundtracks.
According to single sample 

 

t 

 

tests against the chance
value of .50, infants’ PTLTs indicated no significant
departure from chance for either Block 1 (
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 .11), 
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 1.4, 
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 .1, or Block 2 (

 

M

 

 

 

�

 

 .49, 
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.07), 

 

t

 

(15) 

 

�

 

 .39, 

 

p

 

 

 

�

 

 .1. Further, when first looks were
examined, there was also no evidence of any match-
ing behavior on either trial block. Thus, infants who
received habituation with irrelevant events showed
no evidence of matching the films and soundtracks
during the two-screen generalization test. Any evi-
dence of matching the films and soundtracks in the
experimental groups could thus be considered a re-
sult of learning from the habituation/training phase.
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Control participants also showed no evidence of a
side bias in Block 1 or Block 2 when the PTLT to the
right side was evaluated, 

 

t

 

(15) 
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 .09, 

 

p

 

 

 

�

 

 .10, 

 

t

 

(15) 

 

�
1.32, p � .10, respectively. They also showed no evi-
dence of a preference for one event pair over another
during Block 1 or Block 2, according to one-way anal-
yses of variance (ANOVAs) with stimulus event pair
as the factor, F(3, 12) � 2.45, p � .10; F(3, 12) � .61,
p � .10, respectively.

Habituation/training phase. Results of the habituation/
training for infants collapsed across the low-, moder-
ate-, and high-generalization conditions are depicted
in Figure 2. As can be seen from the figure, infants
showed highly significant visual recovery to a change
in temporal microstructure that specified object com-
position, t(35) � 5.63, p � .001, when tested against
the chance value of 0 recovery. Although infants were
familiar with both the single and compound sounds
and the single and compound objects, they noticed
when the sights and sounds of impact were mis-
matched, even though the sights and sounds were
synchronous. Infants also showed significant visual
recovery to a change in temporal synchrony, t(35) �
3.81, p � .001, when tested against the chance value of
0 recovery. Further, they showed significantly greater
recovery in the synchrony and composition tests than
did the no-change controls according to a Dunnett
t test, p � .001, p � .001, respectively. Thus, infants
showed robust evidence of abstracting the temporal
information during training, to be used as a basis for
matching during the generalization test. They did this
after a mean 162-s (SD � 74.6) exposure to the events.

To determine whether visual recovery to syn-
chrony and composition information differed a priori
for infants assigned to the different generalization
conditions, a two-way ANOVA on visual recovery
scores with generalization condition (low, moderate,
high) and type of visual recovery test (synchrony,
composition) as main factors was conducted. Results
indicated no significant main effect of generalization
condition, F(2, 66) � .46, p � .10; no effect of test
condition, F(1, 66) � 1.06, p � .10; and no interaction,
F(2, 66) � .30, p � .10. Thus, infants assigned to the
different generalization conditions did not differ in
the degree to which they abstracted temporal syn-
chrony or temporal microstructure that specified ob-
ject composition during the habituation/training phase.

Secondary analyses (see Table 2) were also con-
ducted to evaluate the performance of infants during
the habituation phase on five measures: (1) baseline,
defined as the average length of fixation on the first
two habituation trials; (2) the mean number of trials
required to reach habituation; (3) the mean number of
seconds to habituation, summed across trials; (4) the
mean length of fixation on the two criterion trials; and
(5) the mean length of fixation on the two (no-change)
posthabituation trials. Analyses of variance were con-
ducted separately for each of these measures to deter-
mine whether the experiences of infants assigned to
the different generalization conditions differed from
one another in any way. Results indicated no signifi-
cant main effect of condition for any of the factors,
p � .10, all tests. Thus, the performance of infants
who were assigned to the low-, moderate-, and high-

Figure 2 Training phase: Mean visual recovery time and SDs
(in parentheses) for trials depicting a change in audiovisual
composition, a change in synchrony, and no change during the
habituation phase. *** p � .001; ***** p � .00001.

Table 2 Mean Looking and SDs for Five Measures of Habitua-
tion Performance as a Function of Generalization Condition

Generalization Condition

Low Moderate High Overall

M SD M SD M SD M SD

Baselinea 33.6 18.3 32.3 16.4 32.5 14.8 32.8 16.4
Criterionb 6.39 4.2 7.28 6.4 6.23 3.9 6.64 4.9
No-change post-

habituationc 7.4 4.8 6.4 4.8 6.9 3.7 6.9 4.4
No. trials to 

habituation 7.6 1.8 7.8 2.6 7.6 1.8 7.7 2.1
Time to 

habituation (s) 149.5 81.2 157.3 78.8 158.5 60.2 155.1 73.4

a Baseline is the mean length of fixation across the first two habitu-
ation trials.
b Criterion looking is the mean length of fixation across the two ha-
bituation criterion trials.
c Posthabituation is the mean length of fixation across the two no-
change posthabituation trials.
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generalization conditions was equivalent with respect
to initial and final interest in the stimuli and amount
of processing time during the habituation phase. 

Further, the experience of the infants in the irrele-
vant habituation control group was also compared
with that of the experimental infants on all five of the
measures. An ANOVA also indicated no main effects
of condition for any of the measures when the control
group was included, p � .10, all tests. Thus, prior to
participating in the two-screen test, infants in the con-
trol group showed no difference from those in the
experimental groups with respect to initial and final
interest or total processing time to their respective
stimulus events.

Generalization test phase. Results of the two-screen
generalization test for infants in the experimental
conditions are depicted in Figure 3. Analyses were
first conducted on these data to determine whether
looking to the matching films differed across condi-
tions. Separate analyses of variance were performed
on the PTLTs for Block 1 and Block 2, with generaliza-
tion condition (low, moderate, high) as a factor.
Results indicated a significant main effect of general-
ization condition for Block 1, F(2, 105) � 4.0, p � .02,
and for Block 2, F(2, 105) � 4.67, p � .01. Thus, infants
showed different degrees of matching (generaliza-
tion) according to the disparity between their training
events and their test events during each block of tri-
als. Tukey tests were conducted to examine the nature
of these effects. For Block 1, infants in the moderate-
generalization condition had a higher PTLT than
those in the low-generalization condition, p � .02. For
Block 2, infants in the low-generalization condition
showed significantly higher matching than those in

the moderate- and high-generalization conditions,
p � .02, each test.

To interpret these effects and address the main re-
search question (i.e., “Under which conditions did in-
fants show evidence of generalization?”), the data
were examined to determine which of the means re-
flected significant matching of the films and sound-
tracks. Single sample t tests on the PTLTs against the
chance value of .50 were conducted for each general-
ization condition. As can be seen in Figure 3, analyses
revealed significant evidence of matching the films
and soundtracks for infants in the low- and moderate-
generalization conditions, but not for those in the
high-generalization condition. Infants in the low-
generalization condition, who received no change in
stimulus events, showed a significant PTLT to the
matching film during Block 2, t(35) � 4.66, p � .001,
and no evidence of matching for Block 1. In fact, in
Block 1, infants showed a marginally significant mis-
matching effect, t(35) � –1.85, p � .07. This may
reflect an initial attenuation of interest in the same
stimulus events that infants had just received for ha-
bituation, and consequent exploration of the novel
two-screen testing format and novel temporal rela-
tions provided by the mismatching familiar event.
For the PFL measure, a similar pattern of results was
found for infants in the low-generalization condition.
Infants showed a significant proportion of first looks
to the matching film during Block 2, t(35) � 3.35, p �
.002, and no evidence of matching during Block 1. In-
fants in the moderate-generalization condition, who
were tested with stimuli that differed in color and
shape from their training stimuli, also showed evi-
dence of matching, but matching was not as robust as
for infants in the low-generalization condition. In-
fants in the moderate generalization condition dem-
onstrated a significant PTLT to the sound-matched
film during Block 1, t(35) � 2.06, p � .05, and no evi-
dence of matching during Block 2. A similar pattern
of results was found for the first look measure for
these infants. They showed a significant PFL to the
sound-matched film during Block 1, t(35) � 2.10, p �
.04, but not during Block 2. In contrast with infants in
the low- and moderate-generalization conditions, in-
fants in the high-generalization condition who were
tested with stimulus events that differed the most
from their training events, showed no evidence of
matching according to either the PTLT or the PFL
measure, all ps � .10.

Secondary analyses were also performed to evalu-
ate the data from the two-screen generalization test
for evidence of side and stimulus bias. Two two-way
ANOVAs were performed with condition (low, mod-
erate, high) and event pair (orange metal, yellow

Figure 3 Generalization of learning: Mean proportion of to-
tal looking time (PTLT) to the sound-specified display for
Block 1 and Block 2 as a function of generalization condition.
* p � .05; **** p � .00005. 
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metal, red plastic, yellow plastic) as factors on the
PTLTs of Block 1 and Block 2 to determine if there was
any preference for one event pair over another. Re-
sults indicated no significant effect of event pair, or
interaction of event pair and condition, for Block 1,
F(3, 96) � .46, p � .10; F(6, 96) � 1.6, p � .10, respec-
tively. For Block 2, however, there was a significant ef-
fect of event pair, F(3, 96) � 4.40, p � .006, in which
matching was greatest for the red plastic objects and
lowest for the orange metal objects. This difference
was significant according to a Tukey test, p � .007.
This stimulus effect, however, did not impact the con-
clusions regarding matching because event pair did
not interact with condition, F(6, 96) � 1.72, p � .10,
and event pair was counterbalanced within each con-
dition. Further, to detect any evidence of side bias, the
PTLTs to the right side (irrespective of sound) were
tested against the chance value of .50 for infants in
each generalization condition. Results indicated no
significant departure from chance for any of the con-
ditions in either Block 1 or Block 2, all ps � .10.

DISCUSSION

The data in the present study provide the first evi-
dence of generalization on the basis of amodal rela-
tions in the domain of audiovisual perception. Prior
research has demonstrated that intermodal learning
occurs on the basis of amodal temporal relations (e.g.,
Bahrick, 1988; Gogate & Bahrick, 1998), but it was not
known when, under what conditions, or to what ex-
tent generalization across contexts and events oc-
curred on the basis of these relations. The present
findings provide insight into the conditions that pro-
mote versus limit generalization of intermodal knowl-
edge. They suggest that the similarity of events to those
of original learning is an important factor in promot-
ing intermodal generalization. Further, generalization,
at least by 3.5 months of age, is constrained rather
than broad, and is limited to events that share a num-
ber of dimensions with those of the training context.

In this study, 3.5-month-old infants were habitu-
ated to both a single and a compound object striking a
surface, and producing natural, appropriate, and syn-
chronous sounds. This habituation served as a train-
ing phase and provided the opportunity for infants to
abstract temporal synchrony and temporal micro-
structure that specified object composition. This tem-
poral information could be generalized as a basis for
matching films and soundtracks in a two-screen gen-
eralization test with events that were (1) the same as
the habituation/training events; (2) different in color
and shape only; or (3) different in substance, type of
motion, color, and shape. These tests were considered

to require low, moderate, or high degrees of general-
ization, respectively. Thus, in the low-generalization
condition, only the task and the test format differed
from training to test. Infants experienced a change
from an infant-controlled habituation task to an inter-
modal matching task, and from a single-screen audio-
visual display to a display with two simultaneous
events along with one soundtrack. In the moderate-
and high-generalization conditions, the task, test for-
mat, and stimulus events differed from training to test,
with the stimulus events of the high-generalization
condition differing most from those of training.
Because control infants who received habituation
with irrelevant events showed no evidence of match-
ing the films and soundtracks during the generaliza-
tion test, successful matching during the test was
assumed to be a result of generalization from the ha-
bituation/training phase.

Results of the habituation/training phase revealed
clear evidence of infants’ detection of the temporal
relations. After a mean 162-s exposure to the events,
infants demonstrated robust visual recovery to a
change in synchrony and to a change in temporal mi-
crostructure that specified object composition. Thus,
infants abstracted the temporal information that was
critical for successful performance in the generaliza-
tion tests that followed. Further, these findings repli-
cated those of our prior habituation studies with in-
fants of this age (Bahrick, 1992, 2001), in which they
also detected both temporal synchrony and temporal
information for object composition in similar tests.

Results of the generalization test phase addressed
this study’s main research question and revealed
several important findings. First, infants in the low-
generalization condition, who received the same
events but a different task and context, showed strik-
ing evidence of generalization. They matched the
films of the single and compound objects with their
appropriate soundtracks by looking first and more
to the sound-specified films in the second block of
the test phase, p � .001. These results replicate and
extend those of Bahrick (1988), which demonstrated
intermodal learning to a new task and new stimulus
events. The present results provide evidence that
3.5-month-olds show intermodal learning on the ba-
sis of amodal relations when the same events are used
during training and test. Infants can abstract amodal
temporal information during a training phase and
then show evidence of learning on the basis of these
relations by matching the soundtrack to the appropri-
ate one of two familiar events.

Moreover, evidence of intermodal learning with
familiar events was demonstrated across a change in
task and test format. During habituation/training, in-
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fants were exposed to audiovisual events one at a
time, along with their appropriate soundtracks, as
might occur in natural exploration of the environ-
ment. This task recruits attention to single, multi-
modal events. During test, infants viewed two events
side by side, along with one soundtrack that was syn-
chronous and appropriate to the composition of one
of the events. This is more difficult than the habitua-
tion task in that it requires active exploration, more
mobile attention, and matching a sound to one of two
visual alternatives. Typically infants can detect inter-
modal relations in a habituation task at a younger age
than in a two-screen intermodal preference task
(Bahrick, 1987, 1988, 2001; Bahrick & Pickens, 1994).
Thus, in the low-generalization condition, 3.5-month-
old infants showed generalization of learning across
tasks and test formats, and this generalization was
quite robust.

Results also revealed generalization of intermodal
knowledge to novel events. Infants in the moderate-
generalization condition showed evidence of match-
ing the films and soundtracks on the basis of amodal
temporal information, but matching was not as
apparent as in the low-generalization condition in
which the familiar events were used and the effect
size was unusually large. Infants in the moderate-
generalization condition directed a greater propor-
tion of total looking time to the matching film during
the first block of trials, p � .05. Thus, after abstracting
temporal synchrony and temporal microstructure
that specified object composition in the habituation/
training phase, infants were able to use this informa-
tion to guide their visual exploration to the acousti-
cally specified objects when confronted with a new set
of events. When they heard the soundtrack of the sin-
gle object, they looked more to the single object, and
when they heard the soundtrack of the compound ob-
ject, they looked more to the compound object. In-
fants did this even though these objects differed in
color and shape from those experienced during train-
ing. Prior research (Bahrick, 1992, Experiment 3) had
demonstrated that infants of this age could discrimi-
nate all the color/shape changes in these events.

The results of the present study provide the first di-
rect evidence of infants’ ability to abstract and gener-
alize intermodal knowledge to novel events. Evi-
dence of transfer of training has been previously
demonstrated in the sense of abstracting information
about an object or event in one modality and general-
izing that information to a different sense modality
(e.g., for tactile to visual transfer see Gibson & Walker,
1984; Hernandez-Reif & Bahrick, 2001; Meltzoff &
Borton, 1979). Intermodal learning, however, has not
been previously shown to generalize from one set of

events to another. After only a few minutes of expo-
sure to single audiovisual events, infants can abstract
amodal temporal information and generalize this
knowledge to guide intermodal exploration of a
novel set of events. This capability emerges by 3.5
months, and is fundamental to the development of
perception and cognition.

Infants also showed limitations to appropriate
generalization. In contrast with the above findings,
when infants received events that differed most from
those of their training events (in terms of color, shape,
substance, and type of motion), they showed no evi-
dence of matching the films and soundtracks on the
basis of temporal information. Despite the fact that
these events shared critical properties of the training
events, and that infants were able to detect the tem-
poral information that was critical for intermodal
matching, infants failed to show generalization to
these novel events in the matching task. The novel
test events, just like those of familiarization, por-
trayed a single and a compound object striking a sur-
face in an erratic temporal pattern, along with sounds
that were appropriate and synchronous with each
event. Although infants detected the critical temporal
information during training, they showed no evi-
dence of using this information. 

It is not clear whether the observed constraints on
generalization arose from an inability to detect the ap-
propriate temporal information in the new events
during the test phase; whether the temporal informa-
tion was abstracted but failed to guide visual explora-
tion; whether there was an inhibition against general-
ization due to the novelty of the events; or whether it
was a matter of selective attention to other novel as-
pects of the events, task, or context. In any case, at 3.5
months, infants failed to show broad generalization
of intermodal knowledge when events differed mark-
edly from those that they had just experienced during
exploration and abstraction of this knowledge.

Together, the results of the intermodal generaliza-
tion tests portray a clear and systematic pattern. Infants
appear to show a successively decreasing ability to gen-
eralize from training, as the test events and format de-
part from those of training. That is, evidence of inter-
modal matching was found when the test events were
identical to those of training and only the test format
differed. When the test events differed in color and
shape, moderate, yet still significant evidence of inter-
modal matching was evident. When the test events dif-
fered along more dimensions than those of training,
or when the training events were irrelevant to those of
the test, infants showed no intermodal matching at all.

The failure of infants to show broad generalization
from the events of training to those of the matching
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test also provides independent and converging evi-
dence with that of the control group. Taken together,
the data of the control and broad generalization
groups demonstrate that the matching shown by in-
fants in the low- and moderate-generalization condi-
tions was primarily a result of specific experience
with the events of training rather than a result of prior
experience. Thus, successful matching was not pri-
marily a result of generalization from prior interac-
tions with objects and events in the world. It required
training with the same or very similar events just
prior to test. The failure of infants in the high-gener-
alization condition suggests that training with suffi-
ciently novel events (even though the events depict
the critical temporal relations) in conjunction with
prior experience with multimodal events in the envi-
ronment (that also depict these temporal relations) is
not sufficient for successful object–sound matching at
3.5 months of age.

These findings of limitations to generalization are
consistent with findings of infants’ performance in
the mobile conjugate reinforcement paradigm (for a
review, see Rovee-Collier & Hayne, 1987), in which
memory was found to be specific to a variety of
properties of the training, including its context (crib
bumpers) and the specific elements of the mobile. If
these aspects were altered, memory was disrupted
(Borovsky & Rovee-Collier, 1990; Hayne & Findlay,
1995; Hayne et al., 1986).

The present evidence of successful generalization
of intermodal knowledge across tasks and events is in
contrast, however, with findings of memory specific-
ity in the mobile conjugate reinforcement paradigm,
in which little generalization was found, especially
prior to 6 months of age. The present results are more
consistent with findings from other domains that sug-
gest generalization across tasks, contexts, and events
in early infancy. For example, young infants general-
ize across exemplars to form categories, and recog-
nize a change in category for both auditory and visual
information examined separately (Bahrick & Pickens,
1988; Hayne, 1996; Kuhl, 1985; Mandler, 2000; Man-
dler & McDonough, 1993; Quinn & Johnson, 2000).
They abstract rules regarding patterns in speech and
appear to apply them to new stimuli (Aslin et al.,
1998; Marcus et al., 1999; Saffran et al., 1996). Infants
also appear to generalize knowledge about the laws
of physical causality (for a review, see Baillargeon,
1995). Little research, however, has been directly con-
cerned with the nature of learning and generalization
in these domains in infancy, and the conditions under
which young infants do and do not show generaliza-
tion of knowledge.

Generalization of knowledge, however, is thought

to be a hallmark of intelligent functioning and a foun-
dation for cognitive development (Brown, 1982; Rozin,
1976). Similarly, perception of amodal relations is fun-
damental to cognitive and perceptual development
(Bahrick, 1988, 1992, 2001; Gibson, 1969; Lewkowicz
& Lickliter, 1994). Thus, investigation of generaliza-
tion of knowledge of amodal relations is central for
understanding the development and organization of
early perceptual and cognitive competence.

The present research has demonstrated that by 3.5
months of age, knowledge about intermodal relations
appears to be neither tied to the events of original
learning, nor extended broadly across contexts and
events. Rather, knowledge appears to be extended
across events that are similar in appearance to those
of training, but not yet to appropriate events that
show greater differences from those of training, even
when these novel events share the critical properties
of the training events. Although the ability to flexibly
extend knowledge across appropriate domains is fun-
damental for cognitive and perceptual development,
the ability to not extend knowledge across inappro-
priate domains is also crucial for the development of
veridical perception and cognition (for a similar view,
see Bjorklund, 1997). It appears that by 3.5 months of
age, infants generalize intermodal knowledge to ap-
propriate events, but also underextend their knowl-
edge across event domains. The present findings sug-
gest that when infants encounter an event, they
differentiate the intermodal relations as well as the
details of the events. Apparently, on the basis of these
details, they both generalize to similar events and in-
hibit generalization to very dissimilar events, even
when the novel events share the same amodal rela-
tions. This “under extension” of knowledge may be
adaptive at this point in development for promoting
veridical perception and for limiting overgeneraliza-
tion across inappropriate events and contexts. It may
also allow time for differentiation of the relations in
question across a greater variety of events and con-
texts prior to forming more generalized expectancies.
Given sufficient experience with a variety of events in
the natural environment, infants presumably form gen-
eral expectancies and a knowledge base about inter-
modal relations. Perceptual learning with events that
display similar properties likely educates attention
and facilitates rapid abstraction of amodal relations
that unite the audiovisual stimulation of novel events.
After this point, when infants encounter novel objects
and events such as those of the present study, they
would show intermodal matching more rapidly (and
without the benefit of prior training) by quickly ab-
stracting the available invariant temporal relations
and allowing knowledge to guide attention.
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These issues will be better addressed by under-
standing the developmental pattern of how the gen-
eralization of knowledge unfolds. The developmental
picture during the first year of life, however, remains
to be investigated. Is knowledge first tied to the con-
text and events of original learning, and then gradu-
ally extended with development, as suggested by
Brown (1982) and Rozin (1976) in the domain of child
learning; or is knowledge in infancy more global
when it is first abstracted and then becomes increas-
ingly more specific with development and experience,
as suggested by Gibson’s (1969) theory of differentia-
tion? These issues are topics of current investigation.
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