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ABSTRACT

Three experiments examined auditory-~visual integration of temporal
relations by infants. In the first experiment infants of 3, 6 and 10
months of age were placed midway between two flashing visual displays.
Tones, temporally synchronized to one of the visual displays, emenated
from concealed speakers placed midway between the visual displays
directly in front of the infants. The visual displays, and corresponding
tones differed in temporal rate by a factor of four. No evidence was
found for differential looking to the sound-specified visual pattern
in any of the three age levels tested. The 3-month-olds showed a strong
right-looking bias regardless of visual pattern or temporal rate of
the tone, while the 10-month-elds preferred to look at the fast visual
pattern regardless of position or tone rate. Both of these biases
impaireq the effectiveness of the simultaneous presentation paradigm
to detect differential looking related to auditory=visual synchrony.

Experiments IT and IIT used an habituation methodology which
eliminated any effects of position and rate bias. Only 4-month-old
infants were tested. In each experiment, one group of infants was
first presented with temporally synchronous auditory and visual signals
during habituation trials and then nonsynchronous signals during
recovery trials. Two other groups of infants, one in each experiment,
received the opposite sequence. In Experiment II the auditory and visual
signals were spatially congruous, but théy were separated by 90° in
Experiment III. Since the pulse réte of the visual stimuli was changed
for the nonsynchronous trials. a control group was tested which received

only the light during habituation and recovery trials. Both groups
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initially presented.with synchronous signals showed habituation and
recovery. MNeither group presented with nonsynchronous stimuli during
habituation trials demonstrated recovery and only the group with the
spatially separated sources habituated. The results suggest that
4-~month-old infants are ablé to coordinate the temporal relations between

auditory and visual signals.
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INTRODUCTION

In the course of an individual's interactions with the normal
environment many events occur which result in stimulation of more than
one sense. Such multimodal stimulation impinging on different sensory
systems is, in some manner, coordinated leading to a unified perceptual
experience of objects and events. It is not clear how and at what
stage in development the ability to integrate sensory information
occurs. Although several theories of perceptual and cognitive development
contain speculations on the nature and development of sensory intégration,
systematic empirical evidence is lacking, particularly with respect
to the capacity of infants. The focus of the present investigation
was the processing of bimodal information during infancy. In particular,
the research explored the influence of temporal synchrony and nonsynchrony
of auditory and visual stimuli on infants' coordination of these stimuli.
Some effects of spatial congruity and incongruity between the auditory
and visual stimuli were alsc examined.

Although there are numerous interrelationships between the senses
in ge:ner'al:L and between audition and vision in particularZ, those of
most importance to the present report have been referred to as inter-
sensory equivalence (Turkewitz & McGuire, 1978; Lawson, 1979). Two
types of intersensory equivalence have been elaborated. The most common
conception of intersensory equivalence is that a property specified in
one modality is the same as that specified by another modality. The
properties are physically idéntical>but can be perceived through more
than one modality. For example, a temporal pattern can be presented
auditorily, visually and tactually. Since the same temporal pattern

can be presented to each of these senses it is possible that the



temporal pattern can be abstracted regardless of the mode of specifica-
tion. Such properties have been called "amodal", defined as "higher
order relational stimulation which is not specific to a modality (Gibson,
1969; p. 219)." Amodal information can include a number of stimulus
dimensions including shape, texture; movement, duration, location and
number. Some of the most general types of amodal relations are depicted
in Table I. Recently, it has been suggested (Mendelson, Note 1;
Spelke, Note 2) that fhe common structural or amodal properties of
human environmments influence perceptual activity in very young infants.
Furthermore, activity prompted by amodal features may be a foundation
for learning more arbitrary relations such as those between particular
sounds and particular visual events (eg., a mother's face and voice).
This relates directly to the second type:' of intersensory equivalence.
Intersensory equivalence has also been used to refer to the perception
that qualitatively different properties of an object can be used inter-
changeably to identify the object (Lawson, 1979; Turkewitz & McGuire,
1978). For example, as mentioned above, a face and a voice can independently
identify a particular person. In this case the information identifies
a common source but the attributes are physicallj very different.
Thus two types ofbintersensory equivalence can be diétinguished; one
based on the common structural characteristics of information received
through different modalities, the other in which qualitatively different
kinds of information specify a common source. Both types of equivalence
have long been a topic for theoretical speculation and more recently
a subject for empirical research.
Philosophers and scientists from at least the time of Aristotle
have speculated on the interrelations of the sensory systems (Marks,

1978). Aristotle developed the notion of a "common sense" which



Table I

Types of Amodal Correspondences
- (From Mendelson, Note 1)

VALUES ALONG CONTINUA
a. Time - Onset - Independent of Space
b. Space - Position - Independent of Time

c¢. Intensity - Independent of Time and Space

DISCONTINUITIES
a. Temporal Events - Duration
b. Spatial Events - Location

¢. Modulation of Intensity - In Time and/or Space

PATTERNS OF DISCONTINUITY
a. BRhythm - Pattern over Time
b. Form - Pattern over Space

c. Movement - Pattern over Time and Space

RATES OF PATTERN
a. Tempo - Rate over Time
b. Texture - Rate over Space

c. Speed - Rate over Time and Space

CHANGES OF RATE
a. Change of Tempo - Change over Time
b. Texture Gradients - Change over Spéée

¢. Acceleration - Change over Time and Space



appreciated the "common sensibles". The common sensibles were those
properties of sensation representing general aspects of the world which
could be apprehénded'by any of the senses. ‘These common sensibles
included motion, rest, number, form, magnitude and unity; The common
sense occupied a higher "level" than.the specific senses and was sensitive
o qualities like number or shape while the speéific~senses were respon-
sive to propertiéé like colour or odour. The distinction between the
common sense and the specific senses is similar to the old distinction
between perception.ahd sensation. In terms of stimulus description the
common sensibles bear an obvious similarity to aﬁodal information.

More recently the interest of philosophers in intersensory integration
had led them to ask whether a person born blind and restored to sight
in adulthood would be able_td‘name forms présented visually which
had previously been known only by-touchB. Successful naming would
imply visual discrimination of the forms and the ability to .relate previous
tactile impressions or representations to the visual impression.

Although modern research on selective rearing, perceptual deprivation

and cataracf operatioﬂs has shown that this question was somewhat naive

in its implicit assumptions, it was one of the first questions asked

about intersensory equivalence which could lead to empirical investigations.
Furthermore, it was concerned with the manner in which our abilities

to perceive the world develop.

Two general approaches to the development of intermodal relationships
have been emphasized (MbGurk & MacDonald, 1978). .One approach describes
intersensory development, both phylogenetically and ontogenetically,
as increasing integration of initially separdate sensory modalities.’
According to this position separate sensory systems maximally responsive

to different types of energy evolved at an early stage in phylogeny.



The different phyletic levels exhibit different degrees of organization
.among each of the sensory systems. As.the evolutionary scale is ascended
an increase in the capacity forintersenéoKyiniegration is thought t6 occur.
However, as McGurk and MacDonald (1978) have observed, comparative evidence
supportive of this position is hard to find. In general, though, it
does seem that there is increasing cortical conﬁergence of different
afferent systems. As you ascend the phylogenetic scale increasingly
more neural tissue potentially subserves intersensory relations, parti-
cularly in the cerebral cortex.
Variants of this view have been influential in the recent history
of psychology."For instance Diamond and Hall (1969) have argued that"the
supposed expansion of thé association cortex interposed between the sensory
and motor zones fit the view prevailingAin psychology in the early
twentieth century. According to this view integration between the senses
required a neurological process that relied upon having the neural -
counterpartlof modality - specific sensétion available. Two premises
were important: 1) specific sensory channels were scmehow represented
in the brain, and 2) that in order for complex behavioural and cognitive
tasks to be accomplished, activity of sensory areas must be associated
in some other areas of the brain (Diamond & Hall, 1969, p. 252).
The simple model envisioned is presented in Figure 1.
In recent psyéhological theorizing Birch and Lefford (1963; 1967)

have put forward a similar view which draws'oﬁ parallels between phylogeny
and ontogeny. They have stated that:

as one ascends in the vertebrate series from fish

to man the unimodal sensory control of behavior

comes to be superseded by multimodal and intersensory

control mechanisms (1963, p. 3).
Their position regarding perceptﬁal development in humans has been

stated as followé:
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information derived from proximoceptive input is
dominant in controlling the actions of infants.
However, with age, proximoception comes to be

" increasingly replaced by teloreceptor control systems.

. Simultaneously with the emergence of telo-

receptor preeminance, a second mechanism of input
organization seems to be evolving. It consists
of the ‘increasing tendency of the separate sensory
modalities to integrate with one another, and of
organized and directed action to be subserved by
intersensory or multimodal patterning rather than
unimodal patterning. (1967, p. 5-6)

The position of Birch and Lefford is an expression of the classic
empiricist view of intersensory development (Friedes, 1974) in which

the input from separate sensory modalities form the basic building

blocks of perception. 'Initially the sensory modalities are uncoordin-
ated, but with development the separate sensory systems become integrated,
leading -ultimately to a unified perceptual world.

"An alternative position that there is a primitive unity of the
senses has been presented by Bower‘(l974a; 197/b; 1978). Development,
both ontogenetically and phylogenetically, would thus proceed as a
process of differentiation of an initial unitary "supra-modal" perceptual
space. Bower (1974b) argues that the perceptual system evolved to
respond to significant aspects of the world. The perceptual system
does not respond to inputs from specific senses as such, but responds
to changes and patterns‘of changes which can be presented through any
modality. These amodal stimuli include transitions, gradients of change
and temporal differences. These are the really significant features
since they signal common structural properties of the world. Early
in development, ontogenetically and phylogenetically, perceptual unity
is primary. Seﬁsory unity differentiates with development. Bower
‘states that "as organisms evolved, and particularly as they began to

grow their parts at different rates and to different sizes, this



8.

early unity had to be abandoned. -It is the fact of growth, with different
growth rates of sense organs and effector organs that makes unity imposs-
ible for mammals with their complex skeletons (1974b, p. 515)." The
ontogenetic problem is one of accounting for differentiation and articu-
lation of the different modalities although, according to Bower (1978,
p. 101), "we have bnly the vaguest clue about the psychological events
which cause differentiation." Bower's conception of sensory differen-
tiation is illustrated in Figure 2.

To recapitﬁlate, there are two major hypotheses concerning early
perceptual development which postulate significant changes in perception
as the organism matures. According to one view the senses are initially
separate and development of perceptual capabilities occurs as a result
of the gradual coordination of inputs from different modalities. A
second view suggests that devélopment-proceeds as a process of differen-
‘tiation of an initial supramodal space which, initially, "does not register
lights or sounds or smells or touches, or any'other of the specific
energies of nerves. (Bower, 1978, p. 94)."

A.third position,.which is not really a theory of perceptual develop-
ment, stems from the theorizing of J.J. Gibson (1966) and has been
applied to infént bimodal perception by Spelke (Note 4). According to
this position perceiving is the detection of invariants in stimulation.
For instance, sights and sounds display spatial and femporal corres;
pondences to which our perceptual systems are attuned. Such correspondences
are guarénteed by the‘nature of the physical world and an invariant-
detection theory of perception seeks to specify which of these relationships
are uéed by the observer. Theztheory is not directly concerned with
perceptual development. Rather, the concern is with what peréeptibn is;

namely, the detection of invariants. The position does not deny that
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perceptual systems mature, but it does deny that the nature of perception
changes. The process is always the same as the perceptual systems

are inherently organized to detect invariants. Accordingly, the task

for the developmental researcher is to specify Whichkinvariants are used
and when sensitivity to such invariants occur. According to Spelke

(Note 4) young perceivers experience neither a world of unrelated

visual and auditory sensations, nor a world of undifferentiated, hetero-
modal impressions, but appear to perceive a world of objects and events
much as adults do.

As soon as one attempts to compare and evaluate the various theoreti-
cal alternatives one is immediately beset with mény problems. For instance,
there is the fact that not all types of'intersenéory equivalence are
the same. For example, Davenport (1976) has reported on research which
demonstrates cross-modal transfer of an intensity or pulse pattern
discrimination in prosimiams, rats and rabbits. No studies, however,
have found evidence for visual-haptic oﬁjeCt e@uivalence in animals
other fhan monkeys. These phylogenetic differences are probably reflected,
at least to a limited degree, in ontogenetic development. Ideally the
various types of intersensory integration might be ordered along some
dimensions of complexity. These dimensions would include, for instance,
the neural mechanisms involved, the kind and number of relevant stimulus
dimensions, the relative adeptness of the modalities involved (Freides,
1974 ) and the role of abstract coding systems such as language. With

"such a descriptive system the, probably different, developmental histories
of various types of intersensory equivalence could be delineated. Now,
unless the theories are addressing the same or similar types of sensory
coordination then direct comparison is difficult. For example, it is not

unlikely that intersensory coordination as discussed by Bower, involving
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temporal differenceé, gradients of change, etc. could be quite different
from the cross-modal equivalence of complex geometrical forms as discussed
by Birch and Lefford. Perhaps Spelke's (Note 4) programmatic proposal
is a reasonable strategy to begin with. Accordingly, the investigator
of infant perception might focus on a relatively limited domain in order
to assess sensitivity to various types of intersensory equivalence
within that domain. Although, this would not necessarily lead to a well
developed theory of intersensory integration in general, assuming a more
limited approach could ultimately be more fruitful. If so, our best
approach is to begin by examining those aspects of auditory-visual
integration that have been.investigated to date.

In general, the research indicates that the auditory and visual
systems do not act independently in infancy, but interact in a variety
of ways. Three mdin aréas of research need to be described in some
detail: +the effect of audifory stimulation oh visual localization
behaviour, reaetioﬁs'to incongruous visual and auditory information from
persons and objects, and the influence of common temporal patterns between
visual and auditory events on perceptual activity.

Spatial location would appear'to be an amodal property par excellence.
Although thére are auditory, visual, proprioceptive and olfactory
spaces they are at least roughly coordihated; We can ask, however,
whether there are modality—épecific spaces which undergo a process
of translation wheﬁ referring one sense to another.or; alternatively,
whether there is one o?erall spatial framework which could be called
a common space? Auerbach and Sperling (1974) provide psychophysical
evidence which supports the common space hypothesis for visual-auditory
location in young human adults. In their study subjects had to discriminate

the spatial direction'of two sound stimuli, two light stimuli, and a
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sound and light stimulus. Because there was no variability in judgements
which could be attributed to translating from one spatial representation
to another, it was argued that auditory and visual sensations were
referred to a common perceptual spéce. In terms of physiological
evidence, Morrell (1972) reported that 70/169 cells recorded from
areas 18 and 19 of the visual cortices of cats were responsive to both
acoustical and visual stimulation. The response was such that the
acoustical receptive field was ""mapped onto" thé receptive field organ-
ization for vision as a series of vertically oriented stripes. Moreover,
céils sensitive to moﬁing stimuli were usually selective in direction
and the direction was the same for both modalities. Wickelgren (1971)
.obtéined similar results recording from the intermediate grey area in
the superiér colliculus:of the adult cat. Although a few research
reports of this kind hardly provide definitive evidence in support of
the common space hypothesis they are at least suggestive.

If there is some commonality between auditory and visual space
in infants, stimulation in one modality might influence activity in the
other. Specifically, auditory stiﬁulation could provoke visual localiza-
tion attempts. This was demonstrated in the classic study by Wertheimer
(1961). He found that a newborn baby reliably turned her eyes in the
same direction.as a clidk sound which was fresented randomly to either
ear. Hoﬁever, McGurk, Turnure and Creighton (1977) observed neonatal
oculomotor behaviour under various conditions of visual and auditory
stimulation. They were not able to replicaté Werthéimer's results and
also'shQWéd that visual tracking was not influenced by the addition of
moving or stationafy éuditory stimuli. They argued that their results
suggest the modalities are initially independent and hence "the develop-

mental problem ié_one of accounting for synthesis between perceptual
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modalities rather than of accounting for the differentiation of systems
that are immately unified" (McGurk et al., 1977, p. 143). Similarly,
Butterworth and Castillo (1976) could not replicate Wertheimer's results
but did fihd that most éf the eye movements were contralateral to the
locus of auditory stimulation.

Nevertheless, two recent studies have confirmed Wertheimer's
original observation. In a series of studies using éorneal reflection
photography (Mendelson & Haith, 1976) it was shown that visual activity
in neonates was influenced by auditory stimulation.b The relation was
spatially relevant in that laterally presented sounds resulted in initial
fixation shifts toward the sourcé of sound. In another investigation
of localization (Muir, Field & Sinclair, Noté 3) neonates were presented
with two rattles, one opposite each ear. The rattles were moved
simultaneously, but only one produced sound. The infants turned more
often to the noisy rattle (they obtained é similar result when the sound
was presented through speakers rather than rattles).

There are important differences between the studies of Mendelson
and_Haith and Muir and his cowofkers and those of McGurk et al. which
could account for thé different results. Mendelson and Haith and Muir
et al. used relatively continuous auditory stimulation; a 40-second .
presentation of a repeating 16 seéond loop of a person reading a poem
and the presentation of a noisy rattle for 20 second intervals.

McGurk et al. used brief clicks as their auditory stimuli and only
recorded eye movements which occurred within 3 seconds of stimulus
onset. The brief obéervation period and short stimulus presentation
made for a very demanding test of localization, particularly given the

rather "sluggish" motor system of the neonate.
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It has been argued (Lawson, 1979; McGurk et al., 1977) that these
localization responses indicate reflexive oculomotor responding rather
than higher-level auditory-visual integration. Support for this
interpretation comes from studies with both blind and sighted infants.
With sighted heonates it has been demonstratéd that visual localization
of sound sources can be elicited Whether an infant's eyes are open or
‘closed (Turkewitz, Birch, Moreau, Levy, & Cornwell, 1966). Fraiberg
(1977) has reported on reflex-turning of the eye toward a sound source
in a blind infant at two months of age. At six months, as was true for
other blind infants, the baby did not turn toward-a éource of sound.

It would appear then that this initial cculomotor behaviour, which

may be reflexive, is in need of visual input in order to be maintained.
Normally, however, such behaviour may have significént consequences
for "higher-level" auditory-visual coordination. A sighted infant
looking in the direction of a sound source receives simultaneous
bimodal information about the visual and auditory characteristics of
an event. This bimodal‘specification may assist in the establishment
of a'ﬁcross—modal dic¢tionary" (Bryant, 1974 ) between particular sights
and sounds. As such, qualitatively different characteristics of an
object could come to independently identify the object.

One of the "objects" with which infants have a great deal of
experience is.the mother. The recognition'of certain characteristics
of the mother has been aemonstrated in very young infants. It has
been shown that infants 20 to 30 days old can discriminate between their
mother's voice and voices of other females (Mills & Melhuish, 1974). Other
research indicates that infants as young as 2 weeks of age can distinguish

their mother from inanimate objects or from other female faces (Carpenter,
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Tecce, Stechler, & Freedman, 1970).: An interesting question is whether
these characteristics are unified to form a common source. In an

effort to answer this question several investigators have concentrated
on infants' responses to the break-up of the location of mother's face
and voice., This can be accomplished easily with microphone and speaker
arrangements. Those employing this paradigm have argued that if multi;
modal information available in objects is integréted by the infant then
they should be "surprised" or "distressed" by the break-up of such
information. In a widely discussed report, Aronson and Rosenbloom (1971)
claimed to have shown a primitive unity of vision and audition in infants
as young as 30 days. They measured infants' reactions (number of tongue
protrusions) to spatially coincident and spatially separated presentations
of mother's face and voice., Having obtained some-pOSitive evidence the
authors suggested that infant perception occurs within a common auditory
and visual space.

McGurk and Lewis (1974 ) subsequently pointed‘out that Aronson and
Rosenbloom did not use a validated response measure and had an experi-
mental design which iacked counterbalanced presentation. Using an
improved methodology, NmGurk and Lewis were unable to replicate the
Aronson and Rosenbioom study. They concluded that "the nature and
development of audiovisual coordination during early infancy remains
an open question"'(McGurk & Lewis, 1974, p. 650). More recently Condry,
Haltom and Neisser (1977) were also unable to replicate the Aronson and
Rosenbloom findings.

These "break-up" studies have employed a method which is based on
the assumption that if infants combine auditofy and visual information

about their mother they will be distressed or surprised by a spatial
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discrepancy. Failure to obtain positive results may mean that the
infants do not combine such information or that they are not distressed
or surprised by such a break-up. The number of behavioural measures
supposedly related to distress and/or surprise makes assessment difficult.
Such measures have inciuded tongue protrusion (Aronson & Rosenbloom,
1971; Condry et al., 1977), frequency of smiling, vocalizing, fretting
or crying (McGurk & Lewis, 1972). |
Although mothers undoubtedly are very significant to their infants
the studies described above provide little information about the stimulus
characteristics which may be important in linking compléx visual and
auditory events. One dimension that has often been implicated in the
perception of auditory-visual correspondence is the temporal domain.
Consider for instance the rather disconcerting experience of viewing
a poorly dubbed foreign film, One's attenti@n is constantly drawn
to the temporal relationship between the movement of the speakers!
lips and the sounds of speech. Since we are accustomed to a precise
correspondence between speech sounds and mouth movements we find the
"slippage" in the dubbed film annoying. This prosaic example illustrates
our sensitivity to such bimodal input and the research of Dodd (1977),
McGurk and MacDonald (1976), and Riesberg (1978) has shown that the
information afforded by lip movements assists in the berception of speech.
Using relatively abstract light and sound patterns it has also been
shown that synchrony is the most importaht variable for obtaining recal-
ibration of auditory and visual locations (Radeaﬁ‘& Bertelson, 1977).
Demany, McKenzie and Vurpillot (1977) and Chang and Trehub (1977)
have shown in a series of studies that infants 2 1/2 and 5 months
old, respectively, are sensitive to temporal groupings in auditory

patterns.. In both cases infants were habituated to one temporal pattern
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and showed significant dishabituation to another. There is also one
report in the literature on auditory-visual transfer in infants.
Allen, Walker, Symonds and Marcell (1977) presented two groups of
7-month-old infants with a standard visual or auditory temporal sequence.
After 15 habiutation trials the infants were divided into four subgroups
in which the presentation modality ana/or the temporal sequence remained
the same or different. Infants showed greater response recovery
(increase in heart rate or skin potential) with a different temporal
sequence regardless of the sensory modality in which the temporal
sequences were presented. Thus by seven months the infants were capable
of perceiving equivalences and differences in temporal sequence information
within and across modalities. |

Spelke (1976, Note 2, Note 4) and Bahrick, Walker and Neisser
(Note 5) have édopted an interesting variation of the preference paradigm
for investigating infants' sensitivity to intermodal relations.
These authors have assumed that infants receiving information from one
modality will explore in order to obtain information from another.
For instance, an infant might seek visual information about auditory
events in order to follow the events in two modalities. The procedure
has been to present infants with two motion picture films of "natural
events." The films are separated with the soundtrack of one of the films
emanating froma speaker placed between the films. The infant is placed
midway between the films in front of the concealed speaker. Various
measures of the infant's looking at each film are used to assess the
infant's sensitivity to.the relationship between the soundtrack and the
relevant film. Measures of preferénce and search behaviour have included
mean looking time, diréction of first look, latency of first look and the

number of trials on which the infant looked for any duration to the



18.

relevant film within a specified time period.

In one report (Spelke, 1976) infants aged 4 months were shown two
motion picture films: one depicted a woman playing "peekaboo" and the
other a wooden baton striking a wood block or tambourine repeatedly
and rhythmically. Results indicated that the infants looked primarily
at the event speeified by the relevant soundtrack. These results could
have been obtained, however, if the infant only linked the human voice
gound with the motion picture of the woman: not an unlikely assumption
given some recent results (Spelke & Owsley, 1979). The latter authors
showed that at 15 weeks of age infants will search,visually for a parent
who is heard to speak in such a preference set-up. This occurs even
when there is not any spatial or temporal information uniting face and
voice. Given this result it might be that infants in the Spelke (1976)
study would look at the woman upon hearing fhe voiee and the 'non-person'
otherwise. As such it is unclear Whethef Spelke answered the question
which prompted her reseerch; "Will infantszexplore sights and sounds
whose relationship is specified by their internal structure?" (Spelke,
1976, p. 554). |

This criticism has been more than met in'recent'investigations.
Bahrick et al. (Note 5) found consistent and strong preferences for
souﬁd related films by 4-month-old infants. The authors presented
infants with every palir-wise comparison of three films; a pattern of
handclaps, the playing of a xylophone,‘and the movement of a slinky
toy. Only the paifing of the xylophone and the'slinky toy failed to
reach statistical significance when the sound of the xylophone was
presented. Spelke (Note 4) has shown that 4-month-old infants can
perceive the relationship between the rate of sounds and the visible

impacts of objects even if the sounds and impacts are not simultaneous.
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That is, if infants are shown two motion picture films of a toy animal
bouncing at fwo different rates they can detect the common rate of

sound and visible movement even though they do not occuf simultaneously.
Infants could also detect the simultaneity of sound bursts and visible
impacts even when the synchronized and non-synchronized objects moved

at the same rate; The results of these studies were considerably
weaker than the Bahrick et al. study particularly with regard to.overall
preference. The most consistent differences were found in measures of
.”visual search" which included the direction of first look, the number
of trials on which the infants looked first or second to the synchronized
and non-synchronized films, and the latency of looking.

These studies support the notion that infants will explore sights
and sounds whose rélationship is specified by their internal structure.
The main variable specifying this internal structure has been the temporal
relationship between the filmed objects' movements and the sounds thus
produced. The infants are sensitive fo this relationship.

Several investigators (Lawson, 1979; Spelke, Note 2; Lyons-Ruth, Note 6)
have asked whether infants associate visual énd éuditory features of
novel objects dufing brief exposures to the objects when there is a
temporal and/or spatial correspondence between the visual and auditory
events. ILyons-Ruth (Note 6) found that 4- and 5-month-old infants
(but. not 3-month-olds) who had briefly expeﬁienced an object spatially
and temporally coincident with a sound showed distress.-(i.e., . an increase
in 1imb and body movement) when fhere was spatial dislocation between
the sound and object. In a series of studies Spelke (Note 2) has
preseﬁted evidence that 4-month-old infants can rapidly acquire knowledge
of bimodally specified events on the basis of temporal synéhfony between

the visual and auditory aspects of the events. In the experiment
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(Spelke, Note 2, Experiment III) that most clearly makes this point

she used’the same procedure as described previously. There were two

phases to the experiment; a familiarization period, and a test period.

During the familiarization period two films were projected side by side.

- One film was of a toy kangaroo; the other of a donkey, each "bouncing"

at a rate of one bounce per 2 seconds. When either of the two objects

hit the ground one of two sounds was heard; a gong, or a thump.

During familiarization only the temporal structure of the sound united

it with one of the filﬁs of the moving objects. On test trials both

fiims Were projected and infants were given brief presentations of the

' sounds separated by intervals when a small light was used to centre

their gaze between the films before another presentation of the sound.

Infants were divided into Synchrony and anfsynchrony conditions for

.the test trials. For the Synchronized condition presentation of the

sound was synchronized with the impact of the object it had specified

. during familiarization trials. For infants in the Non-synchrony condition

the sounds Were.not in phase with the objects.to which they had previously

been related. There were no significant differences during.test trials

between the conditions, and infants in both groups searched reliably

for the sound specified object. Spelke argued that the infants had

detected the temporal invariance which united the optic and acoustic

stimulation during familiarization. This formed the basis for the

acquisition of knowledge which led to relevant search behaviour even

when the temporal correspondence between the objects and sounds was lacking.
Lawson (1979) also investigated some of-the factors responsible

for. the establishmentvof the coordinated perception of the aﬁditory

and visual characteristics of a common object. To this end she systemati—"

cally varied the degree of temporal and spatial congruity between the auditory
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and visual characteristics of two separate object-sound pairs. In
the only study which clearly showed coordinated perception, 6-month-old
infants were first familiarized with an object that moved in synchrony
with a periodic sound which emanated from the object. Testing consisted
of presenting the familiar and a novel object simultaneously, with either
the familiar or a novel sound coming from a speaker midway between the
objects. Infants spent a significantly greater proportion of their
fixation time and a-significantly greater duration of fixation, looking
at the familiar object,in the presence of the'familiar sound. In the
presence Qf the novel sound they did not show differential fixation.
The other conditions included temporal synchrony between the object and
sound but with 90°vspatial separation, and two conditions of spatial
congruity coupled with temporal incbngruity. 'In one condition the
cbject moved conﬁinuously while producing a periodic sound and in the
other conditioﬁ there was periodic movement of the object with continuous
sound. All test results were negative except for one object-sound pair
in the spatial congruity condition involving continuous object movement
and periodic souﬁd. The results of these studies indicate the importance
of spatial and temporal congruency in the coordination of auditory and
visual stimuli. The spatial separation of 90° between object and sound
was much greater than in the Spelke (Note 2) investigation. Given Spelke's
positive results with temporal synchrony and a slight spatial discrepancy
it would seem that the spatial factor might be a matter of degree.

In general, the empirical research indicates that the auditory
and visual modalities of ihfants interact in a number of ways. The
visual search behaviouf of young infants is influenced by the spatial
location of sound sources. The degree of sensitivity to temporalv

relations both within and between the modalities is quite impressive.
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Sensitivity to these various amodal properties may facilitate the learning
of more arbitrary or specific cross modal associations (Mendelson,

Note 1; Spelke, Note 2) and it appears that some of these associations

can be established quite rapidly.
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EXPERIMENT I

As indicated earlier, it has been shown that when 4-month-olds
are presented with two films simultaneously on either side of a speaker,
the infants look at the sound specified film (Spelke, 1976, Note 2,

Note 4; Bahrick et al., Note 5). Such results have been interpreted
as demonstrating that infants detect the rhythmic stimulation which
unites the visual and_auditory events and that, given the opportunity,
infants will attempt to follow events in two modalities.

Typiéally, the stimuli used in such stuﬁiés are of a multidimensional
nature, and it is not clear what characteristics are of assistance in
gulding the infant's visual attention. As a matter of fact, the most
consistent incidence of preference behaviour has been obtained in the
case of film strips of highly dissimilar objects paired with correspond-
ingly different soundtracks (i.e., Spelke, 1976; Bahrick et al., Note 5).
Indeed, when the films were of the same object but merely differed in
tempo, the preference for the sound related film was much weaker (Spelke,
Note 4). It is not clear, therefore, whether infants would show such
preferential looking when visual and auditory events are only linked
by a common temporal relationship.

In the present study the number of stimulus dimensions was kept to
a minimum using simple light and sound patterns. A preference technique
similar to that devised by Spelke (1976) was used, except that the pattern
of elements of the two visual displays and the sound which accompanied
the visual patterns were the same in all respects, except for temporal
rate. The study was designed to investigate whether infants would show
preferential looking to the sound-related visual event when the visual
and sound patterns differed only in temporal raté. 'In order to detect

possible developmental changes three age levels were tested.
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METHOD

Subjects

Forty~two infants participated in the experiment. Data for 6
of these 42 infants were not fully collected due to equipment failure
or excess fussiness during testing and have been excluded .from analysis.
The three groups of 12 infants had mean ages of (Group 1) 3 months, 10
days (S.D. = 12 days), (Group 2) 6 months, 19 days (S.D. = 19 days)
and (Group 3) 10 months, 11 days (S.D. = 14 days). Infants were recruited
through advertisements in the local newspapers. No attempt was made to

balance or control for race, sex or socioeconomic status.

Stimuli

The visual stimuli were five light emitting diodes (LED's), embedded
in clear plastic (5'cm apart) and arfahged in a créss pattern (see
Fig. 3). The visual angle subtended by the pattern was approximately
7.2 deg. A red translucent plastic sheet was placed over the diodes
in order to enhance their brightness. Two such stimulus panels, separated
by 70 cm., were used; one placed to thé infant's right, the other to the
left. A smell green fixation light was placed midway between the panels.
The visual anglé between a panel and fixation light was approximately
26° at the viewing distance used. Auditory signals were produced by
commercially available. Sonalerts (model SC628) manufactured by P.R.
Mallory Co. Inc. with a nominal frequency rating of 2900i 500 HZ.
These were concealed and placed midway between the visual panels.
Ambient noise level méasured at the infant's head was 52 db according
to a General Radio Company sound level meter (model 1551C). The sound

level was 62 db with the tone present.



Sonalerts Peephole Fixation light

\ /

Visual display.

Fig.3. Schematic diagram of display for Experiment I

BT



26.

The stimulus patterns were generated by a specially constructed
two chanmnel pulse generator. Two temporal rates Weré controlled by
separate channels of the signal generator. Thecyéletime for the
"slow" pattern was 1.4 sec with the stimuli on for 1.0 sec and off
for 0.4 sec. For the "fast" pattern the cycle time was 0.35 seconds

with a 0.25 sec on period and O.lO of f period (see Fig. 4).

Design and Procedure

Three different age groups of infants were tested. Each infant
received two triais with the "fast" auditory pattern and two trials
with the "slow" auditory pattern. Order of fast and slow patterns was
randomized across infants. Half of the infants in éach group had the
fast visual pattern on their right, and the slow visual pattern on their
left, while the other half were presented with the opposite arrangement.

.Testing took place in a specially constructed darkened enclosure
(1.2 x 1.3 x 1.9 m) in a dimly 1it, quiet room. The infants were held by
the mother at a distance of approximately 80 cm from a point midway
between the visual panels. The infants were viewed through a peephole
midway between the visual panels. Both the mother and observer heard
music through headphones which masked the.auditory stimulus throughout
the testing session. Only one observer was used throughout the exper-
imeht (see Fig. 5).

The observer began the trial when the infant oriented to the
green fixation light. A small light went off at the end of a trial
to inform the observer of trial end. Trial duration was controlled
by a Lafayette VIII Bank Timer (model 5431A) and was 60 sec. When-
ever the infant was judged to be looking at.a visual panel during a

trial the observer depressed one of two switches; one switch for looking
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at the right panel, the other for looking at the left. The switches

activated separate pens on a Rustrak Event Recorder model 92.

Measures of Looking

Two biases in the data required correction. In spite of the
control for position bias between subjects there was a strong tendency
for the infants, particularly in the two younger groups, to look more
toward one side than the other (see Fig. 6). This looking bias was
highly consistent in group 1 with the infants showing a strong right-
turn bias. Group'B demonstrated a strong préference for the visual
pattern with the faster temporal rate, regardless of accompanying
sound or position (see Fig. 7).

The rationale behind such corrections, which have previously been
used by Lawson (1979) and Ruff and Birch (1974 ), is that if an infant
has a strong right-looking bias, then left-looking time should be given
more weight because the stimulus on the left has to be especially attrac-
tive to pull the infant's attention from the preferred side. The methéd
of correction consisted of taking the length of looking to the right,
for example, and finding what proportion that time was of the total
right-looking time. For instance, if an infant's total looking time to
the right was 100 sec and to the left, 30 .sec, and in a given trial
the infant looked to the left fof 6 sec and to the right, 25 sec, the
corrected proportions would be 0.20 and 0.25, respectively.

As mentioned above the measure of preference was total length of
fixation time to each visual pattern. A measure of ”visual search" used
by Spelke (Note 2; Note 4) was also used. This was latency of looking,

which was the duration of elapsed time between the beginning of a trial
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and the infant's first look to the synchronized visual stimuli and
similarly, to the non—synchronized stimuli. Also, the number of looks
to each visual pattern was calculated. Both of these measures were

also corrected for position and rate bias.

RESULTS AND DISCUSSION

Three separate between-groups ANOVA's were performed on the mean Look~
ing' time, the average latency to the first look, and the average
number of looks. The groups did not differ on mean looking'time but.
did so on latency, E_(2,33) = 4.34 p «.025, and number!of looks,
F (2,33) = 9.74 p « .001. Tukey (a) tests (Winer, 1971, p. 198) indicated
that group 3 made significantly more looks than group i (Q_L..OO5),
and group 2 (p & .0l), while groups 1 and 2 did not differ from each
other in this respect. Tukey tests also showed that latency to first
look was significantly greater in group 2 than group 3 (pe .05).
The‘difference in latency between group 1 and group 3 did not reach
significance using the Tukey procedure, but did with a Newman-Keuls
test (p « .05). Groups 1 and 2 did not differ in latency to first look.
After corrécfion for bias the total preference for the sound
related visual stimuli was calculated, for each infant, as the mean
proportion of fixation to the sound-related visual stimulus for the 2
sound conditions. Two t tests were performed on the data for each group;
one for the slow rate éondition and one for the fast. In each case
the proportion of looking time to the sound related visual stimulus
was compared to the proportion expected by chance (i.e., 0.50). Not

one of these tests reached significance for the preference:measure.
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This was also the case for the number of looks measure and the latency
of looking measure. This is not surprising, as all of these measures
are highly related. The Pearson correlation between the bias corrected
preference measure and the number of looks was 0.89 and between the
corrected preference measure and the corrected latency measure (to

the sound—related visual stimuli) was -0.78.

The results of the present study do not agree with those from some
previous investigations using the modified preference methodology
(Spelke, 1976; Bahrick et al., Note 5). Even after correction for
position and temporal rate bias the infants failed to show any consistent
preference for the sound-related visual events. This was true of all
measures employed.

There are two points of interest in the results of the present
experiment which, while not directly related to auditory-visual coordina-
tion, nevertheless, point to developmental differences between the groups.
The two sources of bias; position and temporal rate, show a developmental
change from what is probably a greater control of attention by organismic
factors in the younger group to stimulus factors in the older groups.
Position bias has been noted by other researchers, particularly in
younger infants (Cohen, 1976; Lawson, 1979; Ruff & Birch, 1974). The
preference for the faster temporal pattern in the older infants probably
results more from the weakening of the position bias than from. .
a new bias for the faster pattern. Support for this contention comes
from a subsequent test of successive preference with 10 four-month-old
infants which indicated a marginally significant preference for the
fast pattern (see Appendix A).

The other developmental change concerns the number of looks and the

latency of the first look. The older infants looked more often and with
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shorter latency than the two younger groups. (The mean number of

looks were 5.9’(S.D. = 3.6); 7.9 (S.D.'= 2.3) and 13.8 (8.D. = 7.3)

for groups 1, 2 and 3 respeétively. Groups 1, 2 and 3 had mean latencies

of 3.6 (S.D. = 2.4); 4.0 (S.D. = 2.2) and 2.0 sec (S.D. = .7) respectively.)
The groups did not differ, howevef, in average fixation time. The infants
in the older group may have diffefent pfocessing strategies, perhaps
resulting from maturation of central control and peripheral executive

mechanisms.
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EXPERIMENT II

The results of Experiment I indicate that infants do not show
differential looking toward sound related visual events when the only
difference between the patterns is ﬁemporal rate. Consequently the
habituation-recovery paradigm (e.g., see Cohen, 1976) was used to further
investigateauditonyvisual processing in infants. By presenting patterns
successively, position bias is controlled. Only one rate was used
throughout the habituation .and recovery phasés, thus controlling for
rate bias. Using a habituation procedure Demany et al. (1977) and
Chang and Trehub (1977) have shown fhat infants of 2-1/2 and 5 months
of age are sensitive to temporal groupings in aﬁditory patterns.

Other habituation research has indicated that 7—month;old infants are
capablé.of’perceiving'equivalences and differences in temporal sequence
infdrmation both within and across the audifory_and visual modalities
(Allen et al., 1977). Thus, the habituation methodology has been success-
fully employed to investigate the processing of temporal patterns

by infants.

Two gfoups'of infants were presented with synchronous and non-
synchronous visual and auditory stimuli. In one cdndition infants
were presented during habituationvtrials with a simple pulse pattern in
which visual and auditéry stimuli were synchronized. They were then
put out—of—phase for the recovéry period. Another gfoup of infants
was given the opposite sequence of events; nonsynchronous signals during
habituation and synchronized signals during recovery. It was hypothesized
.that the group reééiving synchronous information during habituation
would show signficant habituation and recovery, and the other group would
show less habituation and no recovery. These predictions folloﬁ from

models of habituation similar to that proposed by Sokolov (1963).
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According to such a model habituation depends upon stimulus encoding.
Successful encoding, or representation, should lead to habituation and
recovery, while difficulty in forming a representation should lead to

slower habituation and a possible lack of recovery.

METHOD

Subjects

Sixty-seven infants aged 3 months 23 days fo 4 months 17 days
(mean age 4 months, S.b. 6 days) participated in the.experiment.
Data for 7 of these 67 infants were not fully collected due to equipment
failure or excessive fussiness during testing, and have been excluded
from the analyses. Infants were recruited through advertisements in
the local newspapers. No attempt was madde to balance or control for

race, sex or socioeconomic status.

Stimuli

As before, the visual stimulus was five red light emitting diodes
(LED's ), embedded in clear plastic (5 cm apart), and arranged in a
cross pattern. The visual angle subtended by the pattern was approximately
7.2 deg. Auditory signals were produced by cémmercially available
Sonalerts. The Sonalerts were concealed and placed immediately below the
. visual pattern (see Fig. 8). Ambiént noise level measured at the infants
head was 52 db adcording to a General Radio Company sound level meter
(model 1551C). The sound level was 62 db with the tone present.

The stimuli were generated by the specially constructed pulse
generator. The temporal pattern for synchronous light and sound was
controlled by a single channel which sent the same pulse rate to the

LED's and Sonalerts. For the nonsynchronous stimuli, separate channels
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delivered different rates to the diodes and Sonalerts. Cycle time

for the synchronous pattern was 0.95 éec, with the stimuli on for 0.68
sec and off for 0.27 sec. For the nonsynchronous pattern, the cycle
time for the sound was the same as in the synchronous case, but, for the
light, was 0.89 sec, with a 0.64 sec on and 0.25 sec off period (see
Fig. 9). This produced an auditory-visual temﬁoral relationship which

constantly changed throughout each trial.

Design and Procedure

Three groups of infants were tested. During habituation trials
one group received synchronous visual and auditory stimuli (group Sl)'
After 10 trials the iight and sound were put out of phasé:for 5 recovery
trials. A.second grdup received the nonsynchronous signals during habit-
uation trials and the synchronous stimuli during recovery trials (group

NS Since the cycle time of the visual stimulus was decreased during

1)'
the nonsynchronous condition, a third group of infants who only received
the visual stimuli was alsé run as a control. Half of these infants
received thé faéter rate during habituation and the‘slower rate during
recovery trials (group VF), while the other half recgived the opposite
sequence of events (group Vs).

Testing took place in the darkened enclosure (1.2 x 1.3 x 1.9 m)
in'a dimly 1it, quiet room. The infants were held by their mothers
at a distance of approximately 80 cm directly in front of the visual panel.
The ihfants'were viewed through a peephole 2 cm above the light panel.
A small, green incandescent fixation light was placed 33 cm from the
centre of the visual péttern to the infant's left. Both the mother
and observer, who wefe not informed of the test condition, heard music

through headphones that masked the auditory stimulus.
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The observer began the trial when the infants oriented to the green
fixation light. A small light went off at the end of a trial to inform
the observer of trial end. Trial duration was controlled by a Lafayette
VIII Bank Timer and was 15 sec. vThe duration of the interstimulus inter-
vals was determined by the amount of time it took for the infant to
orient to the fixation light; the average interval was 6.9 sec.

During a trial the observer judged when the infant was looking at the
visual panel and depressed a switch which activated a pen on the Rustrak
Event Recorder. Two observers were employed fhroughout the experiments
(II & III); the interobserver reliability, calculated as a Pearson

correlation on total looking time per trial for 135 trials, was 0.92.

RESULTS AND DISCUSSION

The data were analyzed in terms of one major response index;
looking time per trial. Figure 10 shows the course of visual attention
for average total looking times for the two main groups. A comparison
of the average looking time during the 10 habituation trials showed that
group NS; looked significantly longer than S, 1 (38) = 6.1, p £ .0005
(one-tailedy#. The means for each of Trails 1 and 2.(Tl), 9 and 10 (T2)
and 11 and 12 (T3) were subjected to a 2 x 3 Analysis of Variance in which

the variables were Group (Sl and NSl) by Trials (T TB). Both the

1’ T2’
Trials, F (2,76) = 25.33, p « .001, and Group by Trials, F (2,76) =
6.1, B_L..OOB,'effects were highly significant. Analysis of simple mein

effects showed that the groups were not significantly different at

Tl or T3, but were so at T E_(l,llA) = 9.61, p & .005. T-tests for

2’

correlated samples revealed that group S1 showed significant differences

between T, and T,, t (19) = 7.86, p £ .0005, (one-tailed), and significant
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differences between T3 and T2,

in the predicted directions. However for group NSl neither the difference

t (19) = 3.12, p £ .005 (one-tailed),

between Tl and T2 nor T3 and T2 reached significance.
A comparison of the mean looking times for group VF and VS over
the 10 habituation trials revealed no significant difference. A 2 x 3

ANOVA on Group (VF, VS) by Trials (Tl’ T T3) did not yield any signi-

27
ficant differences.
The results of Experiment II support the predictions. Group

S1 showed significant habituation and recovery while group NSl showed
neither. Moreover, group NS1 showed significantly more looking at T2
than group Sl' These results cannot be attributed to the detection of

or preference for the faster light as there was no evidence of difference
between the two visual groups. It should be.noted that the trial factor
was not significant in the visual condition indicating a lack of habitua-
tion. It appears that 4-month-old infants are able to coordinate the

input from the modalities and display a high degree of sensitivity to

5
the phase relationship between the light and sound.
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EXPERIMENT IIT

The results of Experiment II were obtained with spatial congruity
between the light and sound. Some recent research (Lawson, 1979)
has suggested that infants may need both temporal and spatial congruity
in order to coordinate auditory and visual information under some
conditions. Also, since the light and sound in Experiment I were
separated by approximately 260, this may have made coordination difficult.
The questioﬁ of interest in the third experiment was therefore, whether
infants can detect the phasic relationships between 1light and sound
when the sources of stimulation are widely.separated. The groups
were run as in Experiment II, but with the light and sound stimuli

separated.

METHOD

Subjects

Forty-five infants aged 3 months 18 days to 4 months 17 days
(mean age 4 months 4 days, S.D. 8 days) participated in the experiment.
Three infants were excluded from analysis due to fussiness and 2, because
of equipment failure. As in the first two experiments, no attempt was

made to balance or control for race, sex or socioeconomic status.

Stimuli

The stimull and temporal patterns were ithe same as those used in
Experiment II, except that the Sonalerts were placed at a 90° angle
to the infants' line of regard at the visual stimulus. Half of the
infants in each group had the auditory stimulus on the left, the other
half on thelr right. The Sonalerts were approximately 60 cm from the

infant's ear.



bty

Design and Procedure

Group 82 received the‘synchfonous visual and auditory signals
-during habituation and the nonsynchronous signals during recovery.
Group NS2 received the nonsynchronous stimuli during habituation and
-the synchronous stimuli. during recovery. ﬁalf of the infants in each
group had the Sonaléris on.their right, while the other half had them

on their left.

RESULTS AND DISCUSSION

The major index pf.analysis was looking time per trial. The course
of visual attentibn for mean looking time for the‘two groups 1s illus-
trated in Fig. 11. As there were no significant differences dependent
upon the side of the sound source, data was combined'in the subsequent
analyses. A comparison_of the average looking time during the 10
habituation‘trialé showed that group‘NS2 did not differ significantly
'grom group 32. |

Only the main effect for Trials reached significance, E_(2,76) =
31.4, p £.00L, in an ANOVA on Groups (S
¢
different at T

5 NSz) by Trials (Tl’ T,

T Independent t-tests indicated that the groups were not significantly

17 T2 of'TB. T-tests for correlated samples demonstrated

gignificant differences between Tl and T'2 for group Sé, E_(19) = 4.49,
p & .0005, (one-tailed), and for group NSZ’ E_(i?) = 4.4, p £ .001
(two-tailed). Group S, showed significant recovery, t (19) = 2.27,

E."’025 (one-tailed), While the difference between T3 and T2 did not
reach significahce for group NS, E_(19) = .510, p > .50 (two-tailed).
The significant habituation and recovery for group 82 suggests

that spatial congruence between the visual and auditory stimuli is not
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a necessary condition for coordination if there is synchrony between
the stimuli. Group NS_2 showed habituation in the same way as 82,

but did not show recovery. It is difficult to know what the infants
were habituating to in this condition, although it is possible that
they were habituating to one of the components of the compound stimulus.

Further research could possibly clarify this.
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GENERAL DISCUSSION

In Experiment I infants were presented with two visual stimuli
differing in temporal rate. The questions of interest were whether
infants would exhibit differential looking to the stimulus that was
synchronous with a séund and whether such looking would change as a
function of age. Such preferential lodking has been demonstrated in
other investigations when both the auditory and visual stimuli have
differed in many dimensions (Spelke, 1976, Note 2, Note 4; Bahrick
et al., Néte 5); In this study the number of dimensions was reduced
to one -,temporai rate - in order to investigate whether looking to
the sound-related yisualvevent would be demonétrable under such stringent
conditions. In.the case of the présent study the difference in temporal
réte was obviously large; that.is, one pattern's cycle time was four
times greater than the other. HoWever, no evidence was found for differ-
ential looking to the sound-specified visual pattern at any of the three
age levels tested.

It is uﬁlikely that the lack of differential looking was the
result of an inability to discriminate between the patterns, as the
findings of the successive preference study (Appendix A) indicated that
4-month-olds are probably able to differentiate the patterns. However,
the effectivenesé of the simultaneous presentation experimental situation
to detect differences related to auditory—visual synchrony was clearly
impaired by the.differential looking associated with position and
temporal rate biases. The younger infants looked more to the right,
regardless of the temporal fate of sound or light pattern, and the
oldest infants looked more at the fast visual pattern regardless of

position or auditory rate.
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Even with correction for both position and rate bias, there was
no demonstration of diffefential looking to the sound related visual
pattern. Those investigations which have shown positive results, in
the past, have employed stimuli which differed along a large number of
dimensions. The stimuli used have been film strips of relatively
familiar "natural events" (Spelke, 1976; Bahrick et al., Note 5).
Such events are-certainly more complex than-those used in the present
study. For instance, the visual events differed in colour and form,
while the accompanying Sounds differed in spectral frequency composition.
Furthermofe, the rhytﬁmic relationship between the auditory and visual
stimuli was complex: and much less repetitive than in the present study.
A1 of fhese differences could have promoted differential 1obking to the
sound-related visual stimuli. To date no reéearch has sorted out the
contribution of fﬁéée-various_factors to such preferential looking,
although the results of the present study, and some of the results of
Spelke's (Note 4) study, suggest that rate differences themselves are
not enough to produce differential looking to the sound-related visual
events.

Familiarity. also could have been a factor in the investigations
that have yielded pbsitive results. It could have had an influence
in one of two ways. First, if one of the pair of stimuli used was
 more familiar than the other, preferential looking might be facilitated.
The preference éhdwn in Spelke's (1976) study, which paired a film-
strip of a woman playing peekaboo with one éf a wooden baton striking
a wood block, could have resulted from such a difference in familiarity.
The infants may have looked to'the woman Whenyfhe sound of a person's
voice was heard and to the "non-person" when the other sound track

was presented. Such a preference would probably be based on prior
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association, rather than the detection of the common auditory-visual
rhythm. Familiarity'also could be influential in another way. The
film strips of the objects presented to infants are representative
of a class or classes of objects with which they have had prior exper-
ience. Both Lawson (1979) and Spelke (Note 2) have shown that cross-
modal‘aséociations can be formed very rapidly. Hence, it is not totally
unreasonable toAsuppoée that prior experience Wifh a class of objects
could have assisted in the production of differential looking to the
sound related visual stimuii. More research is necessary to clarify
the_rolerof prior experience.

Position bias has been reported in previous‘studies which have used
measures of visual preference (Cohen, 1976; Lawson, 1979; Ruff &
Birch, 1974). For instance, Cohen (1976) reported on experiments in
which there were longef fixation times to the right, despite the
presentation of identical patterns on both sides. Similarly, Ruff
and Birch (1974) fbuﬁd £hat even though they.controlled for position
bias, with left-right patﬁefn reversals, there was a tendéncy for infants
to look more toward one side than the other. Caron (1967) found signifi-
cantly more "spontaneous" right'head turns than left head turns and
Siqueland (1968)'re§orted more successful conditioning of a right head
turn response than a left turn. Turkewitz, Gordon and Birch (1968)
" have also shown that tonic. neck responses in neonates are directed
to the fight about 80% of the time. The meaning of such position
bias is not cieér, although some authors have suggeéted that lateral
differences may refléct neurobehavioural organization (Hammer &
Turkewitz, 1974), Cerebral asymmetries are often implicated in such
views of neurobehavioﬁral organization. However, while a cerebral

asymmetry is easily linked td hand preferenée‘(Bresson, Maury,
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Pierant-Le Bonniec & de Schonen, 1977; Caplan & Kinsbourne, 1976).
it i1s difficult to see how this_would‘account for looking preferences.

The temporal rate bias exhibited by the oldest group of infants
is in accord with the findings and speculation of other researchers.
The results of Karmel et al. (1977) showed that inverted U-shaped
functions, with similar maxima, described visual attention and signal
strength/sec of the visually evoked potential of 3-month-old infants
to temporally modulated patterns. This finding is support for the view
advanced recently that the amount of visual attention that a stimulus
structure elicits is governed by the level of- neural excitation it
produces (Bornstein, 1978; Haith, 1977; Karmél & Maisel, 1975).

That is, visual attentioq is seen as being highly correlated with the
"firing rate" of neurons in the visual éortex. Stimuli that prbduce
maximum firing (tb an asymptotic level) will elicit most visual attention7.
In the present invéstigation thé oldest group (Experiment I) and the
4-month-old infants tested successively (Appendix A) both showed a
preference for the faster visual paftern. This is consistent with

the findings of Karmel et al. (1977) and, aocording'to the above
interpretation, this preference should be correlated with the level of
neural excitation.

The différence found betweén the oldest (group 3) and younger
(group 1 & 2) infants in latency of first look was hardly surprising.
Other investigators have also found a decrease in latency to fixation
of peripherally presented targets as a function of age (Aslin &
Salapatek, 1975; De Schonen, McKenzie, Maury, Bresson, 1978; Tronick,
1972). However, the ages tested have been much younger than those of
the present experimént and the measures and experimental conditions have

varied. Such a decréase in latency could result from more efficient
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eye and head control, an increase in the 'size' of the effective visual
field, attentional changes or some combination of these factors. Although
it is not possible to determine the controlling factor(s) on the basis
of the present,results, it should’ee noted that the faster rate pattern
appeared to be:a powerful "attention-getting" stimulus (Cohen, 1973)
for the older infants. That is, the older infants, who had less position
bias than the yeunger infants, were especially sensitive to such a
peripherally pfesented stimulus; it recruitedvtheir notice very quickly.
vThe_infants‘in group 3 also exhibited a greater number of looks
than those in groups 1 and 2. This could result from a more fully
developed motor'system, or from different information-processing
Strategies or both. The groups in the present study did not differ
in average fixation time. Hence the time per look was greater in the
younger groups. Such a difference is suggestive of more active scanning
by the older infants and is reminiscent of an observation made by
Ames and Silfen (Note 7, p. 6): "It appeers to us that while the older
infant maj be capturing stimuli with his visual behaviour, the young
infant ie captured by the stimuli". It remains to 5e determined what
such a speculation actually means in terms of the development of percep-
tual processing. (For discussion see Bronsdn, 1974; Haith, 1977; Harris,
1973).

Since the preference methodology failed to produce differential
looking related .to auditory-visual synchrony;*fhe‘habituation paradigm
was used in Expefiments-II and III. The processing of temporally
synchronous and nonsynchronous visual and auditory stimuli under
“conditions of spatial congruity and separation was examined. It was
hypothesized that the groups (S1 & 82) receiving synchronous auditory

and visual signals during habituation and nonsynchronous signals during
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recovery trials would show significant habituation and recovery.

The groups (NSl & NSZ) receiving the opﬁosite sequence of signals,
during habituation and recovery trials were predicted to show less
habifuation énd no recovery. These predictions follow from models of
habituation similar to that proposed by Sokolov (1963). According to
j such a model habituation depends on:stimulus encoaing. Successful
encoding or representafion should lead to habituation and recovery
if the stimulus is changed, while difficulty in forming a representation
should lead to slower habituation and possible iack of recovery.

There are a number of ways to encode thé'syhchronous light and
sound patterns wused in Experiments II and IIT, but the simplest would
be to use a relative father than an absolute code. An absolute code
would involve, within some reasonable limits, the representation of the
duration of the pulse and inter-pulse interval. A relative code would
require only that the synchrony between the light and sound be.represénted
and would not depend upon the éncoding of absolute informatidng.
Accordingly, it is the constant relationship between the visual and auditory
siimuli which needs to be represented for habituation to occur. It
could be argued that the habituation and recovery demonstrated
in the case of the synchronous groups (Sl & 82) resulted from the
presumably successful encoding éf the temporal relation between the light
and sound, which was not influenced by the relative location of the
stimulus sources. Aléo, the lack of habituation in the conditions in
which the infanfs-were only presented with the light pattern (groups VS
and VF) further attests to the difficulty that may be involved.in represent-
ing absolute temporai.ihformation. It is possible, however, that the
coding of such temporal information may be more difficult for the visual

modality than for the auditory modality. It .has been argued that the visual
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modality is more adept at coding spatially patterned information, while
the auditory modality is better equipped to deal with temporal information
(Freides, 1974). Research has demonstrated that matching of simple
frequency rates and rhythms is more accurate when done intramodally

by the eal, than cross-modally by the eye and ear (Cole, Chorover &
Ettlinger, 1961; Gebhard & Mowbray, 1959). Thus, absolute auditory

temporal information could possibly be encoded.

The ihfants.in_the groﬁps presented with nonsynchronous signals
during habituation trials (NSl & NSé) did not show evidence of recovery.
However, the group with the light and sound separated (NSz) habituated,
whilevthose’présénted.with the light and sound spatially congruous
(NSl) did not. ‘Thé infants in these groups could have been attempting to
encode the stimulus in an absolute or in a relative mamner. An absolute
code could be used to represent the pulse rate of the light or sound.
But, if such a code had been émployed by.the.infants it would probably
nét‘have led to habituation and certainly not to recovery. Infants in
the visual-only condition did not habituate or recover. If they had
encoded any absolute information, it is most likely that it was the
auditory pattern. In that case there could be no recovery as the temporal
rate of the auditory signal was the same for both habituation and recovery
trials.,

The infants'Wefe‘pfobably attemptiﬁg.to coordinate the visual and
auditory information in some mannef, at least in group NSl’ The reasons
for this argumept are, first, that the infants in the synchronous
groups did coordinate the information. More importantly, there were
temporal relétionships between the stimuli that could have provoked
- attempts at coordination. The light and sound péttérns had vefy
gsimilar pulse rates. Other research has shown that infants are

sensitive to similar temporal rhythms between visual and auditory
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events even if they are not synchronized (Spelke, MNote 4). The phase
relationship befween the light and sound was such that the stimuli
were maximally out of phase in the middle of the trial but appeared
to be in phase at the beginning and end of the trial (see Fig. 9).
Such an "interestingly" unpredictable pattern could have provoked
‘attempts 4t coordination: ‘Findlly thée light and -sound sources

were spatially congruous for the NSl group.

The lack of recovery for both non-synchronous groups suggests that
the infants were not able to form a representation of the out-of-phase
pattern which could then be discriminated from the synchronous pattern.
The lack of habituation in the NSl group suggests that there was continued
interest over trials if the light and sound are spatially congruous.
However, when the iight and sound were separated, as was the case for
the NS2 group, significant habituation occurred. This 1s perplexing,
as it is difficult to know what the infants were habituating to in the
N82 group. One suggestion is that with spatial separation and lack of
temporal synchrony between the sources the sound became more salient
and the infants were able to encode it This is-a highly .tentative
suggestion which further research could examine.

What sort of mechanism could accomplish auditory-visual integration
of the kind demonstrated in Experiments II and III? One approach o
"mechanism" is to examine cells, or systems of cells, which could
accomplish such integration. According to current neurophysiological
theorizing certain nerve cells are equipped to respond selectively to
particular "features" of the external world (see Barlow, 1972 for an
extreme statement of this position) such as the well-known "spot" and
"line" detectors of the visual system. Might some of the feature

detectors be multimedal? =Could each of Aristotle's attributes of the
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common sense - motion, rest, number, form, magnitude, duration - be
represented neurally in single cells?

Thompson, Mayers, Robertson, and Patterson (1970) have found a
few cells (5 out of 500 sampled) in the association cortex of cats which
appear to be "counting" cells. Such a cell would fire only if a fixed
number of stimulus events occurred consecutively. The cell would
discharge regardless of modality, provided the correct number of stimula-
tions 'was: presented. The authors cautioned, however, that "it remains
to be demonstrated that these 'counting' cells function to code number
of stimulus events under condition of normal behavior (Thompson et al.,
1970, p. 273)." |

There has also been some interesting Soviet research on cells with
"time - receptive fields" (Chelidze, 1975). These neurons (again, a
very small percentage of those sampled) were found in the visual cortex
of the rabbit. They respond selectively to specified intervals between
flashes of light. Other research has shown that there are cells in the
superior colliculus (Wickelgren, 1971) and the parastriate and the
striate cortex (Fishman & Michael, 1973; Morrell, 1972) which are
responsive to both light and sound. Moreover, the visual and auditory
receptive fields of these cells are closely aligned, havihg the same
horizontal boundaries.

These few results are intriguing, .but mone of .these kinds. of
cells (even if they represented a large proportion of cells performing
sensory analysis) would be adequaté to the task of "explaining" the
auditory-visual coordination demonstrated in the present studies..
According to the interpretation of the results of Experiments II and
ITI some mechanism would have to "measure'" the time relationship betwéen

'the auditory and visual signals. The process involved would be akin to
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a temporal crosscorrelation of the signals in which the time difference
between the auditory and visual signals was determined. Multimodal cells
with time-receptive fields might possibly play some kind of role,
“although such cells would have to be but oﬁe component in a more compli-
cated neural system which ultimately led to habituation at a behavioural
level. Many different non-sensory éreas of the brain appear to

underlie (such as the hippocampus and the reticular system) the process
of behavioural habituation (Sokolov, 1975).

The other components of such circuits would have to be higher-
order integrators-that can put together inférmation over time and space
and go beyond the detection of simple stimulus attributes. According
to.Sokolov'(l975) the "neuronal model of the.stimuius registers not
only the elementary, but also the complex properties of the signal,
such as coincidence or succession- of several stimuli in time (p. 218)."
Of course, the positing of such neurons is highly speculative, and
hazardous. The'wholeAexercise can become quife,painfully circular
whenever one finds oneself "fabricating" particular types of feature
detectors to perform each and every perceptual task (see Dodwell, 1975)
and there are alternative ways of looking at perception, even at the
neural level., For example, Whitfield (1979) has suggested that a
whole network of neural elements is responsible for each percepfual act.
This network is distributiveland is contained in many parallel paths.
One should not eipect'to findvéingle units Qr'evéh groups of units,
which are responsible for the perception of objects. Maffei (1977)
has also expressed a similar notion: "If one-wants to correlate neural
activity with the actual perception of complex visual stimuli, the
consideration of éortical cell activity in isolation from millions

of their neural neighbours seems to me rather naive (p. 63-64)."
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Such a view does not necessarily deny the existence of neurons that
act like feature deﬁectors, but it does deny that feature detection,
~at an elementary level, is enough to accomplish complex perceptual
acts.

Of course, 1t is possible to theorize about perception without a
detailed considergtion of underlying néural mechanisms. At a more
global level the results of the pfesént investigation could be seen as
support fbr the suggestion that our perceptual systems are sensitive
to regularity or pattern and have a limited capacity to absorb random
or unpredictable.events (Barlow, 1974). in Experiments II and ITT
the synchronous signéls bear a simple and regular temporal relationship
to each other, While the nonsynchronous signals are essentially unpre-
dictable. An early sensitivity to the invariant relationships between
auditory and visual information has obvious adaptive value and may play
an important role in perceptual_development. As others have suggested
(Mendelson, Note 1; Sﬁelke, Note 2) the detection of amodal properties
which bear structural relations could be the basis for the acquisition
of knowledge about specific aspects of the environment such as which

particular sounds 'go with' which particular sights.
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Footnotes

For instance, consider the many cross-modality matching experiments
which indicate that stimuli presented in one modality can be
psychophysically equated, by scaling, to stimuli in another modality.
Or, more esoterically, there is the phenomena of synesthesia,

in which, for example, a particular sound may evoke vivid visual
images. These are two of many types of sensory interrelation

which have been most recently and thoroughly reviewed by Marks (1978).

For example, it has been shown that changes in the physical rate

of a fluttering sound can cause changes in the apparent flicker
rate of a simultaneously viewed light, even though the physical
rate is held constant (Regan & Spekreijse,l977). Taylor and
Campbell (1976) found that the presentation of an irrelevant noise,
during asvisual reaction time task, decreased latency to response.
These are but two of many investigations which have shown that
stimuli presented in one modality can influence activity in other

modalities.

This question was originally posed by William Molyneux in the early
part of the eighteenth century and was addressed to the British
philosopher, John Locke. The issués réised by this question became
the focus of some intense philosophical debate at the time (see

Morgan, 1977).

One-tailed tests were used for comparisons for which there were -
specific directional predictions, otherwise two-tailed tests

were used. However all non-significant results with two-tailed



59.

would not have reached significance with one-tailed tests and all
significanf_results with one-tailed tests would still be signifi-
cant using two-tailed tests.

5. Strictly speaking the term 'phase' refers té the temporal relation-
ship between fwo or more signals of identical period. T am
using the term in a non-technical manmer for purposes of exposition.

6. At this point it is customary to proceed no further with post hoc
stétistical analyses not'having obtained a significant interaction.
However, sinde'apfiori predictions were made T tests were used
to further analyze the data. . Also, such tests were seen to aid
comparison of the results with those of Experiment II.

7. The 1mportance of the "meanlng" of the stimulus to the infant is
being ignored for purposes of exposition. = However for any full
account of infant v1sual behav1our, partlcularly after 6-8 weeks,
this is a-most important factor (see Bronson, 1974; Haith, 1977).

8. The strengthé.of relative over absolute codes for solving perceptual
tasks have.been emphasized in other contexts as well (see Bryant,

1974).
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Appendix A

The oldest group of infants in Experiment I showed a strong prefer-
ence for the faster visual pattern, while the younger groups had a
position bias. The purpose of the present experiment was to check
for preferences in 4-month-olds, and:hence ability to discriminate,
between the fast and slow rates used in Experiment I, when there was
control for position bilas. This was accomplished by presenting the

patterns successively, rather than simultaneously.
Method

Subjects

Twelve infants participated in the experiment. Data for 2 infants
Wéreiuﬂ;fully collected due to fussiness during testing and have been
excluded from the analysis, The mean age of.the infants was 4 months,
liday (SD = 3 days). Infants were recruited as before. No attempt was

made to balance or control for race, sex or socioeconomic status.

Stimuli

The stimuli were the same as in Experiment I, except that they were
presented from a position directly in front of the infant (as in
Experiments IT and III). The pattern with the faster rate was always

accompanied by the synchronized sound, as was the slower rate pattern.

Procedure

Each infant was tested in the experimental enclosure ds used
in all of the experiments. The procedure was identical to that used in
Experiment II except that the infants received only 12 trials; 6 with
the faster and 6 with the slower rate, presented in a random order to

each infant.
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Results and Discussion

A t-test for correlated samples was performed on the average looking
time for the fast vs. the slow rate.

The resulting t value (t (9) = 1.93) was significant at the one-
tailed, but not +the two-tailed .05 level.

The infants demonstrated a marginal preference for the faster
rate pattern, as-did group 3 in Experiment I, when their looking was
controlled for position bias. Other reéearchers (Karmel, Lester, McCarvill,
Brown & Hoffman, 1977) have shown that the visual attention and occipital
brain response of 13 week old infants to temporal frequency covary,
with visual attention and neurophysiological feéponse functions having
similar maxima at 4.8 HZ and 5.8 HZ, respectively. The infants displayed
less Viéual attention to temporal frequencies both higher and lower than
the maxima. Although, in the present experiment, the flashing light
pattern was also aécompanied by sound and the on-off periocds were not
equal, the results are_pompiementary. A preference was found in the

same direction as that found by Karmel et al.
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Appendix B
Consent Fbrm :

THE UNIVERSITY OF BRITISIl COLULIBIA
2075 Uesbrook 1iall
VANCOUVER, B.C., CAIADA
V6T 115

Department of Psychology

COWSENT FORM.

This experimental procedure has béén requested by

Keith Humphrey

I have been informed of the procedures and understand them. I
also understand that the procedures may be terminated at.any tine

at my request.

Procedure: .

‘The infant will be held on his/her guardian's lap in front
of the tésting apparatus. The infant will see and hear various
patterns of light and sound. An investigator will watch the baby
through a peephole and make a record of what the baby lools at.
The baby will be held by, and be under the control of, the guardian
at all times. Uhenever the guardian desires there will be a break
in or termination of the testing session.

ily signature below certifies that I consent to the experimental
procedure which has been described and which is to be conducted on
the following date: '

in the following place Psychology Annex, U.B.C.

and-dcsignated in‘thevfollowing'manner: As Above

Datej - ilame;

Signature:




