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I. INTRODUCTION

As people make their way around the world, they encounter objects
and events by looking, listening. and touching. Adults perceive a single
layout through these actions. When we look and listen to a singing bird, or
see and feel the surface of a table, we are aware of unitary objects, not
separate streams of sensation. This experience is possible, in part, be-
cause we are able to detect relationships among the sight, sound, and feel
of an object. If a person can detect such relationships and thereby per-
ceive a world of unitary objects and events, she will be said to be capable
of “*intermodal perception.™

This chapter is concerned with the origins and development of the
capacity for intermodal perception. It will discuss the primitive structures
which might serve as the foundation for this ability, and the mechanisms
of learning and development that might guide its growth. The discussion is
organized around three theoretical perspectives on perceptual develop-
ment, which I will call the **sensation-centered,” the “‘action-centered,”
and the “‘perception-centered’” perspectives. These perspectives were

* This chapter was originally conceived in 1979, To the author’s regret, it treats only
briefly the work of newer investigators of infant perception.
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chosen because each roots the culna{:itr for intermodal rel'ce]:vtion in a

different kind of primitive structure, and each postulates different princi-
ples and mechanisms of development. After these perspectives have been
described, the chapter turns to selected research on intermodal percep-
tion in human infancy. It closes with an evaluation of the perspectives and
with some suggestions about further research.

Il. THREE PERSPECTIVES ON THE DEVELOPMENT OF
INTERMODAL PERCEPTION

All theories of the development of intermodal perception agree on two
points. First, the capacity for intermodal perception is influenced by
learning. Relationships between sounds, feelings, and visible objects can
be quite arbitrary: the sound of a certain kind of siren signals the approach
of a fire engine, for example, only because of the conventions of our
culture. As adults, we increase our ability to detect intermodal relation-
ships by learning about the arbitrary connections between visible, audi-
ble, and tangible events. To account for this and other kinds of learning,
each theory provides means by which the capacity for intermodal percep-
tion can grow as perceivers gain experience.

The second point of agreement is more subtle. All theories of intermo-
dal perception acknowledge that humans have some unlearned ability to
detect relationships among that which they see, hear, and feel. Logic
demands that perceivers be sensitive innately to some intermodal rela-
tionships: if the eye, ear, and hand gave rise to fully separate streams of
sensation on no common base, children could never have experiences
through which to learn, on their own, that certain visible episodes belong
with certain auditory or tactile episodes. In order to learn that fire engines
make siren sounds, for example, children must experience some relation
between the visible engine and its siren on some occasion, inducing that
the sound and the ohject go together. If children can perceive the siren
and engine as related, however, then obviously they already have some
capacity to detect intermodal relationships. According to every theory,
therefore. humans are able to detect certain intermodal relationships in-
nately, and we use this ability in order to learn spontaneously about
further intermodal relationships. i

Although the existence of innate and learned capacities to detect inter-
modal relationships is not in dispute, the nature of these capacities has
been debated greatly. Different theories offer very different accounts of
the child’s initial capacities for detecting intermodal relationships, and of
the principles and mechanisms by which the child learns to detect further
intermodal relationships.
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A. The Sensation-Centered Perspective

According to the first perspective, sensations and a capacity to detect
temporal relationships among sensations constitute the primitive basis of
intermodal perception, and associative learning processes provide the
mechanism for development. The sensation-centered perspective, inher-
ited from empiricist and associationist philosophers, is probably the domi-
nant contemporary view of the development of intermodal perception.
This chapter will focus on one of its many variants, derived from the
perceptual theory of Hermann von Helmholtz (1885/1962).

To Helmholtz, any meaningful perception depends on the evocation of
a set of unconscious sensations and the interpretation of those sensations
by an unconscious process akin to inference. Perceivers infer that they
are seeing, hearing, or feeling those ohjects that are the most likely causes
of a given pattern of sensation. The sensations themselves are evoked by
stimulation directly and innately. The capacity to discover predictable
patterns within a stream of sensation is also innately given: children are
naturally predisposed to seek and discover contingencies among sensa-
tions. Finally, there is an innate tendency to hypothesize that certain
predictable patterns of sensation are caused by external objects. All else
is learned. Children learn about the predictable patterns of sensation they
are likely to encounter. Like experimental scientists, they generate hy-
potheses about the external objects that are the most likely causes of each
pattern, and they test these hypotheses by exploring the world actively
and systematically:

Just how such cognizance of the significance of visual images is first assembled by
young children becomes readily apparent when we watch them while they are busy
with objects offered to them as toys, how they handle them, look at them from all sides
by the hour, turn them around. put them in their mouths, etc., finally throw them down
or try to break them, and repeat this each day. One cannot doubt that this is the school
where they learn the natural condition of the objects around them . . .
(Reprinted by permission from von Helmholtz, 1394/1970, pp, 252-253,
Copyright © 1970 by John Wiley & Sons, Inc.)

This theory can be applied to the problem of intermodal perception.
Sensations, for Helmholtz, are modality-specific. When an object is si-
multaneously seen, heard, and felt, however, sensations in one mode are
contingently related to sensations in the other modes. Since children are
innately capable of analyzing certain contingencies between sensations,
they will come to discover the predictable relations among these visual,
auditory, and haptic experiences.

Helmholtz did not describe specifically the kinds of contingencies that
children detect or the processes of contingency analysis that they apply.
The processes usually discussed within learning theory (see Schwartz,
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1978) would nor seem to be suitable to the task of perceiving a unitary
object, Those processes respond not only to relationships among sensa-
tions that are produced by one ohject, but also to relationships among
sensations that are produced by several distinct objects. For example, the
sound of a doorbell is contingently related to the visual sensation of
someone appearing at the door, It would not be desirable, however, for
children to treat a person and a doorbell as parts of a single object:
children might well learn that the sound of a doorbell predicts the appear-
ance of someone at the door, but they should continue to perceive these
events as separate. A major task for any sensation-centered theory of
intermodal perception, therefore, is to describe the kinds of contingent
relationships that could underlie the perception of unitary objects. No
account of contingency analysis within learning theory, to my knowledge,
provides a solution to this problem.

Let us suppose, nevertheless, that there are types of contingent rela-
tionships among sensations that occur when, and only when, a single
object is both seen and heard or seen and felt. If children can detect these
relationships through a process of contingency analysis, then they might
learn to perceive unitary audible, visible, and tangible objects.

B. The Action-Centered Perspective

According to the second perspective, actions and their structural rela-
tionships provide the innate basis for intermodal perception, and develop-
ment occurs as these actions become appropriately structured. This per-
spective derives primarily from the developmental theory of Jean Piaget
(1952). Piaget proposed that children are born with “‘reflexes’: simple
actions that are set in motion by uninterpreted sensory configurations,
These actions are independent of one another initially but become coordi-
nated with development because children are also born with tendencies to
exercise, extend, and organize their actions into stable structures. Chil-
dren act spontaneously on the objects that the environment provides,
assimilating objects to familiar actions and adjusting these actions to new
objects. Thus, a child’s activities become articulated and organized. To
Piaget, the structuring of action underlies the development of all knowl-
edge, Children come to represent the world of objects in progressively
more stable and balanced ways as their actions gain structure and gener-
ality.

Piaget’s approach to intermodal perception follows from this frame-
work. A reflex action may center on the eyes, hands, mouth, or any other
sensitive organ, but there are no reflexes that span separate perceptual
systems, and hence no initial capacity for intermodal perception. With
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development, the senses become coordinated through a process of “re-
ciprocal assimilation™": one action (such as looking) is directed to another
action (such as moving the fingers), and each is adjusted to the other.
When this assimilatory activity has reached equilibrium, sights will evoke
reaching and tactile feelings will evoke looking. The diverse actions that
can be directed to one object will be fully coordinated eventually, and the
child will be able to represent the object as a unitary entity, perceivable
through each act and conceptually distinct from them all.!

Piaget has described the developing coordinations among actions at a
highly abstract level; his description does not clarify how the develop-
ment of structural relationships among actions leads to the apprehension
of unitary objects and events. As infants direct different actions to the
same object, similar structures are said to develop in the different action
systems. Presumably infants perceive unitary objects by detecting these
structural relationships. Structural relationships develop among many
actions, however, including actions that are nor directed to the same
object. For example, children come 10 coordinate the act of following a
pitched ball with the act of swinging a bat, and the act of beating a drum
with the act of marching in a parade. How do children determine whether
two coordinated actions are, or are not, directed to the same object? An
action-centered theory evidently must propose that there is a special kind
of coordination that develops between different actions when, and only
when, the actions are directed to a single object. It must propose, more-
over, that children have a capacity to detect this special relationship and
to recognize it as an indication of a unitary object. Children may perceive
unitary objects by looking, listening, and feeling because they can detect a
special kind of structure that unites actions that are directed to the same
things.

In brief, the action-centered perspective discussed in these pages posits
that the reflex actions of newborn infants share no detectable structural
relationship, and that actions directed to a single ohject became struc-
tually related, in a special way, with development. Children are innately

! Im some of his writings (e.g., Piaget. 1969}, Piagel states that children and adulis have
perceptual structures that are only loosely related to action structures. Since he does not
directly discuss the perceptual capacities of infants in his principal writings on infancy
(Piaget, 1951, 1952, 1954}, it is not clear whether he would endow the infant with any innate
perceptual structures. Nevertheless, Piaget explicitly states, both in his writings on infancy
and in his writings on perceptual development (Piaget, 1969), that knowledge of objects,
including knowledge of their multimodal properties, arises from the structuring of action,
not from percepiual capacities. In discussing the action-centered approach, accordingly, I
will not consider the possibility that purely perceptual structures play a role in intermaodal
development.
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sensitive to these special structural relationships: once the relationships
develop, they detect them and perceive unitary objects. Inexperienced
infants cannot perceive unitary objects or events, therefore, but they
possess some of the central underpinnings of that ability,

C. The Perception-Centered Perspective

According to the third perspective, intermodal perception is rooted in
innate mechanisms for perceiving properties of objects, and development
oceurs as children become able to perceive new object properties. We will
focus on the most comprehensive statement of this position, by James J,
and Eleanor J. Gibson (E. J. Gibson, 1969, 1982; ], 1. Gibson, 1966, 1979).

To the Gibsons, any animal perceives objects, events, and their proper-
ties by exploring the environment and detecting invariant relationships in
the stimulation it receives. As a person moves her hand around an object,
for example, she produces an ever-changing pattern of stimulation on her
fingers, but there are relationships in this pattern that are constant. Some
of these relationships specify properties of the object, such as its shape
and its rigidity. Invariants in stimulation specify properties of events as
well. As a person follows an event by looking or listening, her perceptual
systems register invariant relationships in light or sound that specify the
nature of the event and the things that participate in it. By detecting these
relationships, perceivers apprehend properties of the world,

According to the Gibsons, humans and other animals are initially sensi-
tive to certain invariants, and they can perceive the properties of objects
and events specified by these invariants. With experience, children be-
come sensitive to new invariant relationships, and thus they come to
perceive new aspects of the environment. Learning comes about largely
through changes in perceptual selection. Perceivers learn to search for the
invariant information that specifies significant properties of the environ-
ment. Such learning leads to a progressive differentiation of the percep-
tual world.

Intermodal perception is possible, according to the Gibsons® theory,
because some properties of objects are *‘amodal™: they are specified to
more than one perceptual system.

Unity is the natural effect of multiple specification of invarant properties of things,
places, and events.
{E. J. Gibson, 1983, p, 23)

For example, a rough, irregular texture is specified both by invariant
relationships in arrays of light at the eye and by invariant relationships in
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patterns of pressure on the skin. When a perceiver of any age detects an
object in two different modes at once, and when the same object proper-
ties are perceived in the two modes, she will perceive a unitary object.’

Like the sensation-centered and the action-centered perspectives, the
perception-centered perspective faces a problem accounting for the de-
velopment of intermodal perception. Humans perceive the same amodal
properties not only when we look at, listen to. and feel a single object, but
also when we look at one object while listening to or feeling a second
object that is distinct from, but related to, the first. The sound of a violin
in an orchestra, for example, has properties in common not only with the
visible movements of its bow, but also with the visible movements of the
conductor’s baton. In order to perceive a unitary object, there must be
special amodal properties that unite a visible object only with its own
sound, and perceivers must be sensitive to the information that specifies
these properties. These properties have not been described in detail (but
see E. J. Gibson, 1983, and Spelke, 1983, for further discussion). In the
perception-centered perspective discussed in this chapter, it will be as-
sumed that such properties exist and that perceivers detect some of them
without learning.

To the Gibsons, in short, the capacity for intermodal perception does
not depend on any learned coordination between perceptual modes: hu-
mans begin life with capacities to perceive unitary objects by detecting
some of their amodal properties. The capacity for intermodal perception
does grow, however, as perceivers come to detect further amodal proper-
ties. As children explore the environment, they became sensitive to finer
and finer distinctions among the properties of events. Furthermore, chil-
dren come to distinguish among the modalities themselves (Bower, 1979;

I The perception-centered approach discussed in this chapter roots intermodal coordina-
tion in the perception of *‘distal,”” amodal properties of ohjects, not in the detection of
amodal invariants in the flow of “proximal” stimulation. According to this approach, one
will experience an intermodal relationship whenever the same object property is detected in
two modes, whether or not that property is specified by the same invariant stimulus relation-
ship in each of the modes. For example, a child could perceive a relationship between the
face and the voice of her father even if she perceives the father's face by detecting its
coloring and its spatial structure and perceives his voice by detecting its fundamental fre-
quency and its temporal structure.

The reader should note that both James and Eleanor Gibson have consistently emphasized
the amodal character of most stimulus invariants, as well as the amodal character of most
ohject properties. Intermodal perception, on their view, depends both on the detection of
amodal stimulus invariants and on the perception of anodal object properties. Their theory
of amodal invariants will not be considered in the present chapter, however, for it is not
easily distinguished from certain versions of the sensation-centered theory, For a discussion
of amodal invariants and their possible role in intermodal perception, see E. 1. Gibson (1983)
and Spelke (1983).
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E. I. Gibson, 1969). A young child may not distinguish between seeing an

6I!jéé* éﬂél Iﬁéﬁt’lﬁé ot [éé[mg |l: s]-:e may s;mply perceive H'IL {:-chcf 1{5c"‘
and its properties. An older child does distinguish between seeing, hear-
ing, and touching an object, at least in some circumstances,

D. Overview

These are the three perspectives that will guide our inguiry. They offer
three contrasting views of the primitive basis of intermodal perception:
sensations and mechanisms for detecting temporal contingencies between
them, actions and mechanisms for detecting structural relationships
among them, and perceptions of amodal properties and mechanisms for
detecting stimulus invariants that specify them. The perspectives also
propose three kinds of learning process: the analysis of contingencies
among sensations and the formation of hypotheses about the likely exter-
nal causes of these contingencies, the reciprocal assimilation of actions
leading to the development of stable action structures and ultimately to
the representation of the things that are acted upon; and the abstraction of
invariant stimulus relationships leading to the differentiation of the per-
ceptual world,

The rest of this chapter will be concerned with experimental attempts to
evaluate these perspectives. This review of research will be selective, for
not all research on intermodal functioning in infancy has been undertaken
to investigate the child’s developing ability to detect relationships among
the sight, sound, and feel of an object. Some investigators have focused
on the development of levels of coordination between different sensory
systems, in order to shed light on the hierarchical development of the
nervous system (e.g., Mendelson & Haith, 1976). Some investigators
have focused on the development of skills of intermodal exploration, such
as the skill of reaching for a visible object, with the goal of understanding
skills in general, their acquisition, and their role in cognitive development
fe.g.. Bruner, 1974). Some investigators have focused on the emergence
of abilities to represent an object perceived in one mode and to recognize
the object in a second mode, with the ultimate goal of understanding the
development of memory, learning, and transfer (e.g., Gottfried, Rose, &
Bridger, 1977). The present chapter will not do justice to these efforts.
Studies of intermodal development will be discussed only insofar as they
shed light on our central concern: the development of knowledge of rela-
tionships between auditory, visual, and haptic information about an ob-
ject or event.

A second caution is in order. Even when an investigation is motivated
by the theoretical issues discussed in this chapter, its results are seldom
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decisive, It is difficult to evaluate these three perspectives experimen-
tally: one cannot simply show, for example, that a relationship between
the modalities is, or is not, detected at some particular age in infancy. The
primary difference between the three perspectives concerns the basis on
which intermodal relationships are detected, not the time at which the
ability to detect such relationships first appears. It is necessary to deter-
mine whether the first intersensory coordinations depend on detecting the
contingencies of sensations, the structure of actions, or the properties of
objects. Similarly, an investigator cannot simply demonstrate that infants
learn, or fail to learn, about intermodal relationships at some age. To
distinguish among these theoretical perspectives, he or she must investi-
gate the conditions under which learning occurs and the nature of what is
learned: whether sensations become associated, actions become struc-
tured, or new object properties come to be perceived. It is not surprising,
therefore, that psychologists still cannot pass conclusive judgment on any
theory of intermodal development.

I, THE FOUNDATIONS OF INTERMODAL PERCEPTION

This section focuses on investigations of the infant’s initial capacities to
explore objects and events intermodally, to perceive unitary events by
looking and listening, and to perceive unitary objects by looking and
touching. These investigations should help to reveal whether children
begin with abilities to detect temporally related sensations, structured
actions, or amodal properties of ohjects.

A. Intermodal Exploration

Adults tend to look in the direction of a sound and to reach for things
they see, especially when these things are unfamiliar and unexpected. In
these ways, adults maximize the pickup of information about ohjects and
events. Psychologists have asked whether infants act in these ways as
well, and if s0, what capacities underlic their actions.

Many observers now agree that newborn infants look reliably toward or
away from laterally presented sounds. Newborns have been shown to
turn their eyes quickly and briefly toward soft sounds and away from loud
sounds (Butterworth & Castillo, 1976; Crassini & Broerse, 1980; Hammer
& Turkewitz. 1975; Mendelson & Haith, 1976; Turkewitz., Birch, &
Cooper, 1972; Turkewitz, Birch, Moreau, Levy, & Cornwell, 1966:
Wertheimer, 1961). Newborn infants have been found to look in the direc-
tion of a centrally presented sound—a human voice—as well (Mendelson
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& Haith, 1976). Finally, newborn infants turn their heads as well as their
eves toward a sound if it is of long duration and if the infants are properly
supported. In several studies, infants were presented with the sound of a
rattle, 207 to one side of the head, for 20 sec. After the sound was played
for 2 to 3 sec, infants began to turn their heads slowly until they faced the
sound directly (Clifton, Morrongiello, Kulig, & Dowd, 1981; Muir &
Field, 1979). The same pattern was observed with sounds that were pre-
sented very briefly (Clarkson, Clifton, & Morrongiello, 1983). Head turn-
ing toward a sound disappears at about 2 months of age and then returns a
meonth later (J. Field, Muir, Pilon, Sinclair & Dodwell, 1980; Muir, Abra-
ham, Forbes, & Harris, 1979).

These observation show newborn infants at their best. In other situa-
tions, young infants do not appear to coordinate their looking and listen-
ing. For example, visual scanning is not affected by sounds moving con-
tinuously across the field of view, either in the presence or in the absence
of a visible object (McGurk, Turnure, & Creighton, 1977). Moreover, the
tendency to look to a peripherally presented visual display is unaffected
by the introduction of an unrelated sound on the same or the opposite side
of the visual display (Castillo & Butterworth, in Butterworth, 1981; J.
Field, diFranco, Dodwell, & Muir, 1979; McGurk et al., 1977). In these
situations. looking is influenced only by the characteristics of the visual
display. It appears that the presence of the visual display either distracts
attention from the sound or causes infants to localize the sound incor-
rectly. Both effects are sometimes observed with adults (e.g., Klein,
1977; Radeau & Bertelson, 1977).

Further studies of looking toward a sound reveal that these turns are
very inaccurate. In one experiment, for example, infants were presented
with a visual or auditory display 10°, 207, or 40° to the left or right, and
their lateral eyve movements were observed. With visual displays, the
infants looked rapidly in the appropriate direction, turning their eyes
further for a more distant stimulus. With auditory displays, infants again
looked in the correct direction, but they looked with longer latencies, and
the size of their eve movements was unrelated to the distance of the
display (Bechtold, Bushnell, & Salapatek, 1979). The failure of infants to
scale their looking to the radial distance of a sound may stem from inac-
curacies in sound localization. Alternatively, young infants may localize
sounds with some accuracy but may fail to calibrate their eye movements
to a sound’s perceived direction. Bechtold and his collaborators favored
the second possibility, and they suggested that infants may need to learn
to calibrate visual and auditory systems for localizing objects.

In brief, there is some coordination at birth between auditory localiza-
tion and systems controlling head and eye movements, but this coordina-



