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ABSTRACT

The constructionist theory of perceptual development

(Hershenson, 1967,1970) holds that, through experience,

infants build a perceptual system from innate sensory

elements. One of the original purposes of this investigation

was to obtain information relevant to the constructionist

theory within the auditory modality. A second purpose was

to perform a developmental comparison of the stimulus-

comparator (Sokolov, 1963) and dual-process (Groves &

Thompson, 1970) theories of habituation. An attempt was

made to compare three-month-old infants and adults in their

ability to integrate signals arriving at each ear, as

reflected in their patterns of heart-rate (HR) response

habituation and dishabituation to various sequences of

auditory stimuli.

A number of severe methodological difficulties regarding

the use of infant S^s were discovered in a pilot study. A

decision was made to delete the infant portion of the

original investigation and to add a second experiment using

adults which approached similar questions of auditory

perceptual integration.

Experiment I was designed to explore the transfer of

habituation and dishabituation, or sensitization, from one

ear to the other. A control group (H) was presented a
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series of 16 monaural tones. Group R ( re-habi tuation)

received 8 tones in one ear, and on the ninth trial the

tone was switched to the other ear for a second series of

8 presentations. Group S (sensitization) was similar to

group H except that a single tone presented to the opposite

ear was interpolated between trials 8 and 9. All stimuli

were 10 sec, 1900 Hz., 60 dB (re 0.0002 microbar) pure

tones. Due to methodological difficulties, there was no

reliable response to stimulus onset; consequently, none

of the predicted effects were obtained. There was weak

evidence of a small biphasic response to stimulus offset

with an initial deceleratory component that habituated.

Experiment II looked at the effects of two types of

sequential ear-to-ear alternation on the rate of HR

habituation. A control group (H) was again presented with

16 monaural tones. In group SA (single alternation), the

stimuli were simply alternated from ear-to-ear on succeeding

trials. In group RA (random alternation), S^s could not

predict the location of the next stimulus. It was

predicted that the RA sequence would increase the uncertainty

of the situation and hence retard habituation. Although

there was some suggestion of a weak deceleratory response

to stimulus onset and a small biphasic response with an

initial deceleration to offset, neither of these responses

showed any evidence of change over trials nor did they
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differ among the experimental groups.

In order to investigate any habituation which some

S^s might have shown to the stimulus, an attempt was made

to define a group, taken from both experiments, who had

responded to the stimulus initially. Analysis of this

data did not reveal any systematic effects.



1

INTRODUCTION

According to the constructionist theory of perceptual

development (Hershenson, 1967,1970), the infant's perceptual

system is built up over time from innate sensory elements.

Thus, with development, the infant combines these primary

sensory elements, or invariance detectors, into functional

structures—he learns to form meaningful wholes out of his

sensations. Although the sensory mechanisms may be fairly

complex, each unit can be activated by only one particular

invariant of stimulation (Gibson, 1966). Such an invariant

might be an edge in a particular orientation, movement in

a specific direction, or a pure tone of a given frequency.

The sensory mechanisms are very specific and rigid in their

response to impinging stimulation. On the other hand,

perceptual mechanisms demonstrate both plasticity and unity-

plasticity in the sense that the perceptual system easily

adapts to systematic variation in input and unity in the

sense that perceptual organization can incorporate large

numbers of sensory elements. Clearly, perceptual processes

can integrate over both time and space, as indicated by

such phenomena as object permanence and figure closure.

From the constructionist point of view, the neonate's

response to stimulation is fixed and determined primarily

by immediate sensory input. The older infant is able to
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integrate such input and therefore has a more flexible

relationship with his environment. The change from

"passive" to "active" encoding of stimulation reflects

the shift from control by sensory mechanisms to mediation

by a perceptual system. The constructionist or building-

block theory, thus hypothesizes that sensory information

is conveyed to some central locus where perceptual develop-

ment takes place and that this development is basically

the progressive organization of sensory input.

The constructionist position has recently received

some support from data indicating the presence of invariance

detectors in the visual systems of many lower organisms,

as well as strong suggestion of such detectors in man

(Weisstein, 1969). Concerning the immature organism, there

is also some indication that these sensory elements are

present in visually naive cats (Hubel and Wiesel, 1963).

The evidence most relevant to the development of the human

visual system is that of Kessen and his students (e.g.,

Kessen, Salapatek, & Haith, 1965; Salapatek & Kessen, 1966;

Salapatek, 1968, 1969). These investigators have shown

that young infants selectively scan certain portions of

a differentiated visual field, specifically angles and

vertical contours. The data suggest that the infant's

visual system is able to extract some information about

angles and edges from the environment, and therefore that



the appropriate detectors are present and functional. Thus,

the infant has some of the basic sensory elements available

to him to begin construction of a perceptual system in the

visual mode.

In his statements of the building-block theory,

Hershenson (1967, 1970) has made no attempt to incorporate

information concerning auditory perception. Although the

data are scarce, their is some evidence that young infants

are sensitive to certain aspects of aural stimulation which

would aid in their construction of a system for auditory

perception, particularly speech perception. Several

researchers (e.g., Eisenberg, 1970; Hutt, et. al., 1968;

Lenard, et. al., 1969) have shown that newborns elicit

the largest response on several different measures to

frequencies within the range of fundamentals of the human

voice. A number of recent studies (Moffitt, 1971; Eimas,

et.al., 1971; Morse, 1971; Trehub and Rabinovitch, 1972)

illustrate that young infants are able to discriminate

phonemes differing only by subtle shifts in voice onset

time

.

Although the research referred to above raises the

possibility that the infant may possess sensory detectors

for the analysis of auditory stimulation, it does not

approach the developmental question of construction of a

perceptual system. To do this, one would like to find a

situation in which adults clearly integrate stimuli or



sensory elements while young infants do not. The develop-

mental trend in integrative abilities could then be traced.

It is proposed here that the processing of signals arriving

at different ears is a phenomenon which meets these

requirements

.

There are some very convincing data which show that

adults do integrate signals entering from each ear. Most

obvious are the sound localization studies (e.g., Gulick,

1971, pp. 180-206; von Bekesy, 1960). The sounds reaching

each ear from a source located anywhere except on the

median plane of the head of the listener differ with respect

to phase, intensity, and time of arrival (Day, 1969;

von Bekesy, 1960). Despite these differences, adults hear

a single sound of a particular frequency and intensity

which is localized in space. The two physically different

signals arriving at each ear at slightly different times

are somehow integrated to provide the perception of a single,

coherent sound. There is also some evidence from dichotic

masking studies (e.g., Elliot, 1962; Massaro, 1970; Ward,

1967) that a signal presented to one ear (the mask) can

inhibit the perception of a stimulus presented to the other

ear (the target). This situation is thought to be analogous

to the more common visual masking experiment, and the

interaction is hypothesized to take place at the cortical

level (Neisser, 1967). Finally, Cherry (1961) reported

some experiments on binaural fusion which indicated that a
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rather complex correlational analysis of the inputs from

each ear must be computed in order to fuse the two signals

into a single auditory image. It is quite possible that

the infant is able to do this sort of integration only

after much experience with binaural differences in

stimulation, as well as only after further brain develop-

ment.

No good evidence exists demonstrating that young

infants can integrate binaural signals. The few studies

available on sound localization in infancy are equivocal.

Performing observations on a single newborn, Wertheimer

(1961) reported that the infant was capable of an ipsilat-

eral head turn to a click presented to either its right or

left ear within ten minutes after birth. Also using

behavioral reflex responses to sound, Chun, Pawsat, and

Forster (1960) found that only one out of a total of four

babies under twenty-six weeks of age was able to localize

a buzzer by turning his head toward its source; all babies

older than twenty-six weeks were able to do so. Leventhal

and Lipsitt (1964), again employing behavioral observations,

found evidence in newborns for recovery of a habituated

response to a tone switched from one ear to the other

only when small, ear-sized loudspeakers were used instead

of the more usual larger ones. In all three of the studies

mentioned, the absence of a behavioral response did not



necessarily indicate that the infant could not localize

sound. He may simply have been unable to make the response,

or he may not have attended to the stimulus at all.

Neither does the presence of an ipsilateral turn, or some

similar response, necessarily imply the ability to localize

sound in space, or more generally, to fuse binaural images.

All of the above investigators presented discrete sound

sources close to either the left or right ear. The infant's

response to such a stimulus may have been based on a

monaural mechanism; he may have simply turned toward a

sound entering one ear. This idea is further suggested by

the fact that when large speakers were used in the Leventhal

and Lipsitt (1964) study and the stimuli were clearly

binaural, a change in the position of the sound did not

reliably elicit a response. The above paradigms do not

demand that the process of binaural fusion underlie the

behavior. As a result, it is not clear whether young

infants can integrate signals arriving at each ear.

Although Held is most famous for his work on the

development of vision and visual-motor coordination, one

of his earlier studies (Held, 1955) dealt with the auditory

system. It was hypothesized that experience was involved

in at least the maintenance, if not in the acquisition, of

accurate sound localization during the period of head

growth. As the dimensions of the child's head increase,

so does the magnitude of the difference in arrival time
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which is constant relative to the head, except the median

plane. Thus, the growing infant must accommodate to these

time differences or make systematic errors in his localiza-

tion responses. According to Held, if similar alterations

in auditory conditions were presented to adults, the process

by which infants shift their localizations would be

illuminated. It was found that subjects could adapt to a

twenty-two degree displacement of the aural axis and that

the invariance of the time differences with particular

translations of the head was the critical factor in producing

this adaptation. This study does suggest that experience

may be necessary for the growing infant's continued

successful integration of binaural signals.

Now that the behavioral data concerning the young

infant's ability, or inability, to integrate auditory

signals have been presented, one would like to know if the

structure and action of the nervous system is congruent

with the hypothesized processes. The validity of any

psychological hypothesis which counters known physiological

data is questionable. Physiological support for functional

models is scarce, particularly for human infants. However,

when dealing with immature organisms, one wants to ask

two relatively simple questions: 1) are the physiological

and neurological structures, necessary for the reception of

a particular kind of stimulation, present at all, and
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2) are these structures functional given that they are

present.

As the present investigation is concerned with aural

stimulation, only the development of the auditory system

will be discussed. Although the external auditory canal

and middle ear are temporarily blocked by fluids at birth,

the cochlea and tympanum of the newborn have attained their

adult form and are functional (Geldard, 1953; Kolmer, in

Peiper, 1963; Kidd and Kidd, 1966; Lange, in Peiper, 1963).

That neonates can hear has been shown in numerous investi-

gations (e.g., Bartoshuk, 1964; Eisenberg, 1965, 1969).

Although there is virtually no evidence on the topic, the

auditory acuity of the infant probably does not decline

through infancy, and more likely improves somewhat

(Hoversten & Moncur , 1969).

There is also very little information concerning the

neuroanatomy of the infant's auditory system, but an

attempt will be made to deal with what is known. Impulses

from the cochlea are transmitted along the Vlllth cranial

nerve. According to Peiper (1963), this pathway is

relatively the most myelinated of the cranial nerves at

birth. It is not known at what time during development

all the nerves become comparably myelinated. The ontogeny

of the human auditory system in the important subcortical

structures, such as the cochlear nuclei, the inferior

colliculus, and the medial geniculate, is a complete
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mystery. However, in the adult, each cochlea is represented

bilaterally in the brain with only slightly more projections

to the contralateral than to the ipsilateral hemisphere

(Geldard, 1953; Grossman, 1967; Rosenzweig, 1961a).

Decussations of the ascending fibers occur numerous times

below the cortex, beginning at the level of the medulla.

Thus, it seems that if these pathways are present at all

in the infant, there would also be bilateral representation

of the cochleae in the auditory cortices. Conel's

histological investigations (Conel, 1952) have shown that

at all stages, from birth to six months of age, anatomical

development is least advanced in the primary acoustic areas

of the cortex. This result corroborates the earlier

findings of Flechsig (1876, in Peiper, 1963). The criteria

for development employed in these studies were the total

number of nerve cells per unit area, the size of the

nerve cells, the number and size of nerve cell processes,

the state of myelination, and so forth. However, as both

Peiper (1963) and Scheibel and Scheibel (1964) have pointed

out, the state of histological development may not be di-

rectly indicative of the functional capabilities of the

system. The relationship between the structure and

function of the auditory system is far from being completely

understood, particularly from a developmental point of view.

The neurophysiological evidence does suggest, however, that

although the basic auditory receptors are intact in the
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young infant, the auditory cortex is still immature.

A number of electroencephalographic investigations

have provided some information concerning the infant's

auditory abilities. Dreyfus-Brisac (1966; in Scheibel and

Scheibel, 1964) has shown that it is not until the third

postnatal month that the EEG activity of the two hemispheres

is synchronized in the human infant. Until this time, the

EEG patterns of each half of the brain are essentially

independent, and the asynchrony is most obvious over the

temporal regions. A similar study by Bartoshuk and Tennant

(1964) lended some support to this finding, at least in the

case of newborns. What this asynchrony means in terms of

the processing of auditory input from each cochlea is not

at all clear, but it suggests that the processing of such

signals may not be perfectly integrated between hemispheres

in infants three months of age or younger. A number of

investigators (e.g., Barnet & Goodman, 1965; Weitzman,

Fishbein, & Grazani, 1965; Hrbek, Hrbkova , & Lenard, 1969)

have been able to obtain auditory evoked responses from

the cortex of neonates. Ohlrich and Barnet (1972) tested

1-, 6-, and 12-month-olds and found that the latency of

the major component in the evoked response decreased

linearly with increasing age while the amplitude of this

component increased with age. The most important conclusion

to draw from these investigations for the purposes of this

paper is that impulses from external auditory signals
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do reach the cortex of the infant.

A case has been made suggesting that the young infant's

auditory cortex is relatively immature, but the importance

of the temporal regions in processing and integrating

stimuli arriving at different ears was not mentioned. Most

of the work on this topic has been done with animals,

particularly cats, but it may have some applicability to

humans. Some of the earlier studies utilizing bilateral

ablation of the temporal cortex (Neff, 1961; Riss, 1959)

have recently been corroborated (Strominger, 1969). All

of these investigators found that, if all auditory areas

were completely removed on both sides of the brain, cats

were unable to localize the instantaneous position of a

sound. As stated previously, binaural time differences

are extremely important cues for locating sound. Masterton

and Diamond (1964) presented cats with a click to one ear

followed by a click to the other ear 0.5 msec, later. With

this time difference, binaural fusion is normally obtained,

and depending on which click comes first, a single click

appears localized either to the right or to the left.

However, animals with bilateral temporal lobe ablations

were unable to discriminate between these two situations.

Although the auditory system up to the level of the cortex

was intact and the time differences between the two ears

were maintained (Rosenzweig, 1961b), the auditory cortex
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arriving from different ears. A recent study by Cranford,

Ravizza, Diamond, and Whitfield (1971) found some impair-

ment of complex sound localization in cats following

unilateral ablation of auditory cortex. A pair of brief

tone pulses separated by 5 msec, were not normally perceived,

that is they were not responded to as if they composed a

single, localized pulse, by ablated cats if the leading

member of the pair was contralateral to the damaged

hemisphere. Although both cochleae are represented

bilaterally in the cortex, the contralateral hemisphere

may be most important for the initiation of binaural

integration. The work presented here and other investiga-

tions reviewed by Rosenzweig (1961b) and Neff (1961) all

suggest that the auditory cortex must be involved if the

neural interaction in the brain stem arising from stimu-

lation of each ear is to result in some behavioral

indication of binaural fusion or localization. Thus, this

research also suggests that if the auditory cortex of the

infant is relatively immature he may not be able to

integrate signals from each ear as well as an adult.

One of the major problems with infant research is that

babies are generally very poor informants. Thus, it is

often difficult to find a response measure which can reveal

the presence or absence of some hypothesized psychological

process. It has been shown, however, that the heart rate
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(HR) of both infants (e.g., Clifton & Meyers, 1969; Graham,

Clifton, & Hatton, 1968; Berg, 1971; McCall & Melson, 1970)

and adults (e.g.. Chase & Graham, 1967; Meyers & Gullickson,

1967; Smith & Strawbridge, 1968) reliably responds to

auditory stimulation. It is possible that certain changes

in the HR response with age, beyond shifts in resting rate

or in absolute magnitude of response, may reflect develop-

mental differences in the processing of auditory signals.

For instance, infants and adults may show different rates

of HR habituation to a particular stimulus, such as a

complex series of tones.

There is at least one factor which does make it quite

difficult to compare the HR response of the newborn with

that of any other age level. According to Graham and her

associates (Graham & Clifton, 1966; Graham & Jackson, 1970),

HR deceleration to stimulation is a component of the

orienting response (OR) and HR acceleration is part of the

defensive reflex (DR). Both reactions have been described

by Sokolov (1963). The OR, or "what-is-it?" response,

is said to enhance the reception of stimulation, while the

DR is said to limit the effects of stimulation (Sokolov,

1963). It has also been proposed that the OR is evoked

by activation of the limbic system and the DR by activation

of the reticular activating system (Lynn, 1966; Routtenberg,

1968). The distinction between the two types of HR response

becomes important when dealing with infants because, as
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Graham and Jackson (1970) have suggested, the failure to

find HR deceleration in newborns is due to the fact that

their behavior is controlled largely by the brain-stem

activating system; thus, they predominantly show DRs. The

point is that, in a developmental comparison of the HR

response to stimulation in which newborns are employed,

different neural substrates may underlie the behavior of

the neonates relative to that of older infants, children,

and adults. As a result, interpretation of the data in

terms of developmental changes in an inferred psychological

process, such as binaural integration, is confounded with

the change from elicitation of a DR to an OR to the same

stimulus conditions. For this reason, newborns were not

used in the present investigation.

Two of the major characteristics of the OR are the

facts that it readily habituates to repeated applications

of a given non-signal stimulus (i.e., one which does not

signal the production of any response for the subject)

and that it recovers when the stimulus is altered (Sokolov,

1963; Thompson and Spencer, 1966). Both of these phenomena

have been demonstrated with the HR response to sound of

five- to six-month old infants (e.g., Melson & McCall, 1970;

Moffitt, 1971; Eimas, et. al., 1971). Although Clifton and

Meyers (1969) were unable to find rapid habituation and

response recovery in four-month-olds. Berg (19 71) found

that when behavioral state was carefully controlled and
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when different stimulus parameters were used the HR response

of infants this age did show rapid decrement and good

recovery. Awake three-month-olds also produce large HR

decelerations to auditory stimulation (Hatton, 1969). The

fact that the response is decelerative suggests that it is

a component of the OR and not the DR. However, habituation

of HR has not been studied at this age level. Berg (1971)

hypothesized that a decelerative response and rapid habit-

uation may develop at different rates. If the OR, and thus

HR deceleration, is controlled by the relatively mature

limbic system, it may appear earlier than response habit-

uation, which according to Sokolov (1963) is determined

by cortical mechanisms. Although Berg (19 71) found no

evidence for such separation with four-months-olds, it may

show up in younger infants. For the above two reasons,

three-month-olds were used in the present investigation.

As Graham (Graham, in press; Graham and Jackson, 1970),

as well as Berg (1971), have argued, the precise stimulus

parameters are critical in determining the function of the

HR response. Several investigators (Eisenberg, 1970; Hutt,

et. al., 1968) have suggested that infants may be most

responsive to frequencies within the range of those produced

by the human voice. Recently, Berg (1971) found a large

HR response to pure tones of 1100 Hz. and 1900 Hz. which

approximate the onset frequencies of the second formants

of the phonemes used by Moffitt (1971) . For this reason,



16

it was decided to use a 1900 Hz. tone in the present study.

It was necessary to consider a number of factors in

the choice of stimulus intensity. First, the tone had to

be loud enough to produce a consistent, large initial

deceleratory response which would habituate in both infants

and adults. The magnitude of the neonate's HR response

(Bartoshuk, 1964; Steinschneider
,
Lipton, and Richmond,

1966), as well as that of adults (Berg and Graham, 1970;

Graham, in press) varies directly with intensity, at least

in the range from slightly above the auditory threshold to

below the pre-pain level. Using behavioral observations,

Hoversten and Moncur (1969) report the same to be true for

three- and eight-month-olds. The adult studies indicate

that subjects show some HR response with intensities as

low as 40-50 dB (re 0.0002 microbar) , but the threshold

of response for infants tends to be somewhat higher. Both

age groups elicit very consistent decelerations at 70-80 dB.

A second consideration was that the response to

intensities much above the 80 dB level tends to have a

large acceleratory component (in both subject populations)

(Graham, in press; Graham and Jackson, 1970; Raskin,

Kotses, and Bever, 1969a, b; Roessler, Collins, and Burch,

1969). As HR acceleration is though to be indicative of

a reaction in which the organism attempts to block out

stimulation (Graham and Clifton, 1966) ,
very loud tones

were unsuitable for the present study in which subtle



differences in the reception of stimuli are being examined.

Thus, a stimulus of approximately 75 dB would be intense

enough to insure an adequate deceleratory response, but

not so intense as to produce much acceleration.

The third factor to be considered, however, was that

the stimulus had to be soft enough to be completely

monaural. When the tone was presented to one ear through

headphones its intensity had to be low enough so that the

contralateral ear received no significant amount of stim-

ulation via either bone or air conduction. Von Bekesy

(1960, pp. 86-87) reported an experiment by Lane showing

that the attenuation from one ear to the other of a monaural

tone presented through earphones is 40 to 50 dB across a

wide range of frequencies. Thus, under ideal conditions,

any tone greater than 40 dB above threshold in one ear would

produce some noticeable stimulation in the other ear. If

the tone was presented in some type of noise field which

raised the threshold of both ears, then a more intense

tone could be presented to one ear before it could be

heard in the other. As the background noise level in the

experimental room was considerable (approximately 52 dB

(re 0.0002 microbar) as measured on the A scale), it was

felt that no significant cross conduction would result if a

tone somewhat more intense than 50 dB was used. Considering,

then, the need for a monaural stimulus, the need to avoid

an acceleratory component in the response, and the necessity
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to have a tone intense enough to produce an adequate

deceleratory response, a stimulus intensity of 60 dB was

selected for use in this study.

Although there is very little data on the differential

effectiveness of various stimulus durations, Clifton,

Graham, and Hatton (1968) found that a 10 sec. square wave,

as compared to signals of 2, 6, 18, and 30 sec, produced

the largest HR response in newborns. K. M. Berg (1970)

and W. K. Berg (1971) using adults in the first study and

four-month-olds in the second, also found that a 10 sec.

stimulus was effective. Therefore, a 10 sec. tone was

selected for use in the present study.

Graham (Graham, in press; Graham and Jackson, 1970) ha

stressed the importance of rise time in affecting the form

of the response to stimulus onset. Hatton, Berg, and Graha

(1970) found that sudden onset produced an initial

accelerative HR response in adults; however, pure deceler-

ations were obtained if the onset was gradual. To avoid

the problem of accelerative or biphasic responses in the

present investigation, a gradual rise time of 10 msec,

was used.

As has been repeatedly shown, the OR habituates, and

differences in the rate of habituation can reflect

differences both in the properties of the stimulus

(e.g.. Berg, 1971; Lewis, Goldberg, and Campbell, 1969;

Meyers, 1969; Stratton, 1970) and in the state of the
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organism (Graham & Jackson, 1970; Hatton, 1969; Hord, et.

al., 1966; Berg, et. al., 1970). If the constructionist

theory of perceptual development (Hershenson, 1967, 1970)

is correct, then infants and adults may perceive the same

physical stimulus differently. When considering the

integration of signals arriving at each ear, a change in

stimulation from one ear to the other may be a qualitatively

different experience for infants than for adults. This

difference in experience should be reflected in differences

in dishabituation to the change and differences in the rate

of habituation to the changed stimulus, particularly if

the state of the infant subjects were controlled.

Habituation is most simply defined as a response

decrement to repeated applications of a stimulus. This

process is certainly one of the phylogenetically oldest

methods of adaptively modifying behavior (Thorpe, 1956).

As Lorenz (1965) has stated, "The really surprising function

of habituation, and the one in which its survival value

lies, is the elimination of the organism's response to

often recurring, biologically irrelevant stimuli without

impairment of its reactions to others." (pp. 49-50).

Because habituation has such an important adaptive function

and is found in most lower organisms (Harris, 1943; Thompson

& Spencer, 1966; Groves & Thompson, 1970), it is an obvious

candidate for developmental study. Further, its

operational simplicity makes it feasible for investigation
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in human infants. Although, as mentioned previously,

habituation of the HR response to auditory stimuli has

been found in both infants and adults, the course of

habituation at these two developmental levels has never

been directly compared within a single experiment employing

the identical stimulus and response parameters. In order

to make such a comparison, as well as to study perceptual

development, both three-month-olds and adults were tested

under nearly identical conditions.

There are two contemporary theories of habituation

which are stated in general enough terms to be applied to

the changes in overt behavior of the intact organism with

repeated stimulation. Undoubtedly, the best known of

these is Sokolov's (1963) stimulus comparator model.

Dealing specifically with the OR, this theory states that

repetitions of a particular stimulus cause the formation

of a "neuronal model" in that sensory cortex receiving

input from the appropriate modality. If the next stimulus

matches the model, then an OR is prohibited from occurring

due to inhibition of the reticular activating system via

descending corticofugal pathways. (Although in his

original formulation, Sokolov suggested that the OR

originated in the reticular system, more recent evidence

points to the importance of the limbic system for the

elicitation of this response (Lynn, 1966; Routtenberg,

1968).) If the stimulus does not match the model, inhibition
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is blocked and the response recovers, at least to some

degree. Thus, although the reticular and limbic systems

may be responsible for the initiation of the OR, cortical

inhibitory mechanisms are required for habituation. As

mentioned previously, the cortex of young infants is not

fully mature, therefore, the possibility presents itself

that infants may not possess as efficient a cortical

inhibitory system as do adults. The obvious implication

is that habituation by infants will be retarded relative

to that by adults.

The other theory of habituation of interest here is

that of Groves and Thompson (1970). Their dual-process

theory states that "the strength of the behavioral response

elicited by a repeated stimulus is the net outcome of the

two independent processes of habituation and sensitization."

(p. 442, 1970). Habituation takes place in the neurons

of the stimulus-response pathway, which is simply the most

direct route through the central nervous system from

stimulus to response. Sensitization, on the other hand, is

a function of the processes and structures which determine

the state or general arousal level of the organism.

Habituation is a purely decremental process, but

sensitization first increases and then decays with stimulus

repetition (See Graham, in press, for a dissenting point

of view.). By combining these two processes. Groves and

Thompson (1970) are able to account for a great deal of
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the existing data on stimulus repetition. The theory,

however, has been derived mainly from work with lower

organisms and spinal preparations, and it was not

specifically designed to deal with cortical control of the

response to repeated stimulation. Groves and Thompson

(1970) admit that the difference between habituation to

a particular stimulus within the stimulus-response pathway

and formation of a neuronal model of the stimulus, in

Sokolov's terms, may be largely semantic. (However,

Graham (in press) points out a number of weaknesses in the

Groves and Thompson theory which are not necessarily

relevant here.) Although the dual-process theory was also

not explicitly formulated to account for developmental

phenomena, it could be extended by hypothesizing that the

inhibitory processes within the stimulus-response pathways

of infants are not as efficient as those of adults. This

theory would then predict comparatively slower response

habituation in young infants.

As stated previously, one of the major interests of

this investigation is the degree to which the input channels

from each ear are integrated. In other words, one can ask

the extent to which signals arriving at different ears are

processed and/or stored in a common auditory information-

processing system. Using Sokolov's (1963) formulation, the

question is to what extent signals from each ear share a

common neuronal model. From the Groves and Thompson (1970)
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are processed over the same stimulus-response pathways.

It has been hypothesized here that young infant's do not

possess the integrative capacity of adults, and thus should

show less transfer from one ear to the other. That is,

when two signals are presented to the organism, differing

only in the ear to which they are presented, infants should

be less likely than adults to "recognize" the common

elements of the two stimuli. In terms of habituation, if

a stimulus is repeatedly presented to one ear resulting

in a significant decrement in some behavioral index,

upon switching the stimulus to the opposite ear, recovery

and rate of habituation should be proportional to the

extent to which this signal is processed via the same

neural mechanisms as was the first. Thus, the difference

in rate of habituation to the first and second series

should be minimal for infants, while adults should habituate

much more quickly to the second series. As in most other

developmental investigations, any age differences which

are found may simply be due to the greater experience of

the older subjects with situations similar to that used

in the experiment, rather than to any differences in the

processing of stimulation. In the present case, the

switching of tones from one ear to the other may be a

relatively more novel stimulus for infants than for adults,

thus the three-month-olds would respond more in the second
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it is hoped that the finding of no difference between

infants and adults in the experimental group discussed

below will militate against an explanation in terms of

novelty.

According to Sokolov (1963), cortical control is

necessary for habituation but not for elicitation of the

OR. Production of an OR is caused by activation of the

limbic arousal mechanisms. Such activation is what is

normally inhibited by cortical processes during the course

of stimulus repetition. If stimulation is changed in some

way cortical inhibition is blocked and the OR reappears.

This re-emergence of the OR has been called dishabituation

by Sokolov (1963). Groves and Thompson (1970) stated that

sensitization takes place in the systems controlling the

state of the organism. In their terms, sensitization,

brought about by some change in the stimulation received

by the state system, would cause a previously habituated

OR to recover. Thus, both the neuronal model and the dual-

process theories suggest that the occurrence of an OR in

the intact organism may be due to the limbic and/or

reticular activating systems, and possibly other arousal

mechanisms

.

The major difference between the stimulus-comparator

and the dual-process theories is that Sokolov assumes an

interdependence of the habituation and arousal processes.
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wherein the former inhibits the latter, while Groves and

Thompson assume that habituation and sensitization are

independent. The latter investigators have recently
'

performed some experiments which they felt supported the

independence notion. Using the hindlimb flexion reflex

of the acute spinal cat, a brief shock train was delivered

following habituation to presentations of single shocks.

One group was then presented the original stimulus again

for ten trials; the other received no stimulation during

this period. When both groups were presented shocks on

the eleventh and twelfth post-sensitization trials, they

responded identically, and the level of response was equal

to that on the trial just prior to the sensitizing stimulus.

Thus, the time required for the decay of sensitization or

arousal effects was independent of presentation of the

habituating stimulus. The process of habituation was not

disrupted by the introduction of the novel stimulus because

it was not necessary to present the habituating stimulus

for the response to return to its habituated level. In

both groups, sensitization simply decayed over time.

Groves and Thompson (1970) provided some support for this

experiment using habituation of the auditory startle

response in the intact rat. When a light was interpolated

between two trials after the response had habituated, there

was recovery on the immediately succeeding trial only.

By the next trial, the response had returned to the
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habituated level; the recovered response did not have to

be "re-habituated." Unfortunately, the latter experiment

does not separate the dual-process theory from the stimulus

comparator model. Sokolov (1963, p. 87) reported a similar

experiment in which a loud bang was interpolated between

trials on which a 10 sec. period of darkness was the

stimulus. The auditory stimulus produced a brief recovery

of the response, alpha-rhythm depression, which returned

to the habituated level after one trial. Apparently, the

disinhibition of cortical inhibition was only temporary,

and the neuronal model was left intact by the introduction

of extraneous stimulation. It again appears that the

difference between the two theories may be largely semantic.

The type of experiment described above, in which a

single presentation of an extraneous stimulus was inter-

polated into the habituation series, has never been done with

infants, and there are a number of reasons for doing such

a study developmentally . As mentioned previously. Groves

and Thompson (1970) hypothesized that sensitization due to

the introduction of a novel stimulus decays spontaneously

and independently of applications of the familiar stimulus.

If, in the intact organism, arousal or sensitization is

an independent phenomenon initiated in the sub-cortical

areas of the brain, one might expect this reaction to be

relatively well-established in young infants. As Scheibel

and Scheibel (1964) have pointed out, the physiological



27

development of the lower brain areas is much advanced over

that of the cerebral cortex. Thus, a reaction involving

only the sub-cortical arousal systems may be similar
'

in both infants and adults because similarly mature neural

substrates underlie the behavior at both age levels. More

specifically, the prediction is that there may be no

developmental differences in the response to a single

presentation of a sensitizing stimulus. In the present

context, the decay of sensitization can be measured in

terms of the magnitude of the HR response on the trials

following the introduction of the interpolated tone. On

the other hand, if the return of the sensitized response

to the habituated level is due, at least in part, to the

action of cortical inhibitory mechanisms, then any excitatory

effects due to the introduction of a novel stimulus would

be expected to last longer in infants than in adults.

This is because of the immature state of the cerebral

cortex of young infants (Conel, 1952). It seems that

Sokolov would predict such age differences in the decline

of a response heightened by the introduction of extraneous

stimulation. In the stimulus-comparator theory, habituation

is due to cortical inhibition of sub-cortical excitatory

mechanisms, so if this inhibition is released by present-

ation of a novel stimulus, it must be reinstated for the

response to return to the habituated level. Thus, a

developmental comparison within the sensitization paradigm
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process theories.

The sensitization phenomenon is also interesting in

tejrms of binaural integration. If the organism is

habituated to a tone presented to one ear, and then an

interpolated tone is presented to the other ear, one would

expect different reactions to the next applications of the

original stimulus depending upon the amount of contra-

lateral transfer of excitation. It is generally believed

that the limbic and reticular activating systems are non-

specific and affect the general level of arousal (Routten-

berg, 1968). If interpolation of a tone presented to the

opposite ear does in some way activate these arousal

mechanisms, then almost complete transfer should occur,

and the response to the original stimulus on the next

trial should be as great, or nearly as great, as the

response to the novel stimulus. On following trials, the

response should rapidly drop to the habituated level. If

the interpolated tone affects only neural mechanisms on

the ipsi-lateral side of the organism, the response to the

re-introduction of the original stimulus should stay at

the habituated level. However, the absence of any transfer

of arousal seems unlikely given the presence of a diffuse

activating system.

To summarize, the constructionist theory of perceptual

development (Hershenson, 1967, 1970) states that through
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from innate sensory elements. Up to this time, proponents

of this theory have not investigated the development of

auditory perception, their work having been done entirely

within the visual system. One purpose of the present

investigation is to obtain information from the auditory

modality relevant to the constructionist theory. An

attempt was made to show that a study of the ability to

integrate signals arriving at each ear would prove fruitful

for elucidating the building-block approach. In this effort,

three conclusions were reached upon reviewing the literature:

1) adults do integrate signals arriving at each ear,

2) the sparse evidence available on sound localization in

infants does not demand that they perform such integration,

and 3) the cortical lesion work with animals suggests

that the auditory cortex is necessary for successful

response in tasks demanding binaural integration. Given

that the last point is true and applicable to humans,

infants, with immature cortices may not be able to integrate

as well as adults, although they do have functional auditoiry

receptors and thus have the basic sensory elements available

to them. In order to compare infants and adults, HR was

selected as the dependent measure. As habituation of the

HR response has previously been found to be sensitive to

stimulus variables, it was felt that developmental differ-

ences in the perception of signals arriving at each ear
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would be reflected in differences in habituation. Speci-

fically, if a tone is repeatedly presented to one ear and
then switched to the other ear for the same number of trials,

infants should show the identical rate of habituation in

both series because the new signal is not recognized as

similar to the first. Adults should habituate more quickly

in the second series if they perceive the signals as similar.

It was also hypothesized that although differences in rate

of habituation should reflect differences in cortical

processing of infants and adults, any differences within

the sensitization paradigm, where a single presentation of

a novel stimulus is given, would reflect developmental dif-

ferences in the sub-cortical arousal systems. The current

neurophysiological evidence suggests that infants and adults

should not differ on this task. The habituation data was

also discussed in terms of the possibility of separating

two current theories of habituation—the dual-process theory

(Groves & Thompson, 19 70) and the stimulus-comparator model

(Sokolov, 1963). Although the theories make the same

predictions in most situations, the finding of no develop-

mental change in a sensitization task would offer support

for the Groves and Thompson position which does not demand

cortical inhibition of the arousal mechanism.

Pilot work with the infants indicated the presence

of serious methodological difficulties (which are detailed

in the Method section) . A decision was made to delete the
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infant subjects, and thus all of the developmental

hypotheses, to perform the experiment using only adults,

and to add a second study with adults that approached other

questions related to auditory perceptual integration.

The hypotheses for the adult portion of the original

investigation are as follows:

1) When a tone is repeatedly presented to one ear, and

then switched to the other ear for the same number of

trials, there should be some recovery of the habituated

response and subjects should habituate more quickly to the

second series than to the first.

2) When a single presentation of a tone in one ear is

interpolated into a series of tones given to the other ear,

there should be a brief recovery of the response to the

repeated stimulus, as well as a response to the novel tone.

3) The decay of recovery due to the presentation of the

novel stimulus should occur more quickly than the original

habituation to the repeated tone, as per Groves and

Thompson (1970).

A somewhat different approach to the question of

auditory integration was taken in the second experiment.

If adults' ears are well integrated, in the sense that they

can act essentially as a single sensory input channel,

then switching the stimulus from one ear to the other

should not be perceived as more complex than presenting

all the tones to one ear. This should be true particularly
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will occur on any trial. It is obvious, however, that the

adult can separate the inputs to each ear, as illustrated

by the many dichotic listening experiments in which the S

successfully monitors the information arriving in one ear

while a second message is presented to the other ear. It

is also equally apparent from these studies that the

separation is often incomplete, in that various types of

dichotic interference effects have been demonstrated.

(See Egeth, 1967; Moray, 1970; Treisman, 1969, for reviews

of this literature.) It may be that when the ears are not

put into direct competition, as they are in the dichotic

situation, adults simply attend to an auditory channel

which is relatively independent of the ear receiving

stimulation

.

Thus, it was predicted that if a series of tones

which single alternated from ear to ear on succeeding

trials was presented to an adult, he would respond to it

in the same manner as to a sequence presented to only one

ear. In terms of the present investigation, the HR

habituation curves for a single alternating and a monaural

sequence would be exactly the same. This is due in part

to the integration of the adult's ears, and in part to the

fact that a single alternation sequence is trivial for an

adult to learn; he would always know in which ear the next

stimulus was to arrive.
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able to show that adults will respond to the lateralization

dimension of the stimulus if the situation is made even

more complex by randomly presenting the stimulus to either

ear. Thus, a group was included in which the tone was

randomly switched from ear to ear. Provided that the Ss

would attempt to make predictions about the nature of the

next stimulus, this manipulation would increase the

uncertainty in the situation. If Ss did not form any

expectancies, then obviously nothing can be uncertain.

According to Sokolov (1963), added uncertainty would make

the aquisition of a neuronal model more difficult, thus

retarding habituation. The relationship, however, between

uncertainty and habituation is unclear, although there is

very little data on the subject.

The studies performed with human adults which have

investigated the effects of fixed and variable intertrial

intervals (Variable intervals add temporal uncertainty.)

on habituation of autonomic responses (Orr and Stern, 1971;

Schaub, 1965; Zeiner, 1970) have produced equivocal results.

Although their details vary greatly, none of these

experiments found reliably slower habituation with variable

intervals. Pendergrass and Kimmel (1968) obtained greater

habituation with a fixed intertrial interval in a judgment

task, as the uncertainty notions would predict, but the

reverse was true when no judgment of the stimulus was
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complex. Among other factors, it may be that the intertrial

interval was not embodied in the neuronal model of the.

stimulus, that temporal conditioning took place in the

fixed interval group which opposed habituation, or simply

that intertrial interval was not a very salient cue.

However, there is at least one report in the literature

which did find an effect of uncertainty. Lovibond (1969)

manipulated the probability that a 1 sec. buzzer would

follow a 10 sec. light stimulus. Habituation of the

galvanic skin response to the light was an inverse function

of the uncertainty that it would be followed by the

auditory stimulus. In the present experiment, if the S^s

attempted to predict the ear into which the stimulus would

be presented, random presentations of the tones to either

ear would increase the uncertainty in the situation. This

increased uncertainty should retard HR habituation relative

to the single alternation and monaural groups."^

Thus, two studies were performed with adults. One

which investigated some effects of contra-lateral stimulation

on the HR response to monaural tones, and one which looked

at the effects of two types of sequential ear-to-ear

alternation on the rate of HR habituation.
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EXPERIMENT I

Method

Subjects. Fifty-four adults aged 18 to 31 served as Ss

.

Thirty-two were undergraduate students taking introductory

child psychology at the University of Massachusetts, each

of whom received one hour of experimental credit for his

participation. The remainder were volunteers paid $2.00

for serving as S^s . Four S^s were dropped from the experiment

because they reported either not hearing the stimulus in

one ear or hearing only a portion of the stimuli. Fourteen

others were dropped because of procedural errors. Thus,

the final sample of adults whose data were analyzed consisted

of 36 S^s divided into three experimental groups of 12. One-

half of the S^s in each group were male.

As indicated in the Introduction, three-month-old

infants were to be used as Ss . To accommodate them, an

infant seat was designed with a special headrest which

held stereo headphones close to the child's ears but still

permitted head movements. Although this device and a

number of other procedural modifications were attempted

(such as having the infant sit in the mother's lap and

placing an array of 20 blinking colored lights in front of

the infant to keep him quiet and alert)
,
only one out of a

total of fifteen infants was able to stay through the



entire session without crying on one or more trials. Most

infants were already crying by the first stimulus presen-

tation, so the session was never really begun. If the

infant had cried, an attempt was made to quiet him and to

begin the session again. This procedure never proved

successful. One infant was excluded because she slept

through the entire session.

Given that the original methodology proved inadequate

time could have been spent either discovering new methods

to be used with infants or modifying the experiment to

include only adult S^s . The latter course of action was

decided upon and some questions related to the originally

proposed ones but pertinent to the mature organism were

investigated, as described in the Introduction (See

Experiment 2 )

.

Apparatus . The experiment was conducted in a 9 by 12 ft.

room located in the Child Behavior Laboratories at the

University. The ambient noise level, as recorded on the

A scale of a General Radio 1565-A sound level meter, was

approximately 52dB (re 0.0002 microbar). A one-way-

vision window permitted the in the recording room to

observe the _S. A reclining dentist's chair was used to

seat the adults during the experimental session.

An Eico Model 377 audio-oscillator was used to produc

the stimuli which were pure tones having a frequency of
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1900 Hz. Each stimulus was of 10 sec. duration. Onset and
offset of the tone were controlled by a homemade photo-
electronic switch. Rise time was 10 msec, in a negatively

accelerating function. Offset was a negative exponential

function which decayed to approximately one-fourth of its

original value (about 12dB and well below the auditory

threshold in this situation) in 10 msec.

Intensity of the stimulus was controlled by a General

Radio Type 1231-P4 sound attenuator before being fed through

a Realistic SA-IOOB amplifier. The stimuli were delivered

to the S through Ambassador 3255 stereo headphones. The

intensity of the stimulus at the earphone was measured

weekly with a General Radio 1565-A sound level meter and

a General Radio 1560-P82 earphone coupler. The intensity

of the stimulus in each earphone was 60 dB(re 0.0002

microbar) as measured on the A scale. The background

noise level was also recorded on the A scale with each

earphone placed over the coupler. Measured in this fashion,

the ambient noise was approximately 47 dB(re 0.0002

microbar)

.

The cardiac data were obtained using Beckman bio-

potential electrodes and a Hewlett-Packard 350-3220 A 481

B EKG preamplifier. The signal was then shaped by a

system described in detail by Clifton (1971). A pulse

coincident with each r-wave was recorded on channel one

of a Revox 77A tape recorder running at 3 3/4 ips. Stimulus
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onset triggered a one-shot (BRS Digibits OS 203) whose

output, after passing through the appropriate resistors,

was recorded on channel two of the same tape recorder.

The data tapes were later fed into a PDP 8/1 computer

for reduction and conversion onto IBM cards.

Procedure . There were three experimental groups. The

habituation alone group (H) received 16 presentations of

the stimulus tone in either the left or the right ear. The

re-habituation group (R) received 8 tones in one ear, but

on trial 9 the tone was switched to the opposite ear, and

the _S then received 8 tones in that ear. The sensitization

group is) received 8 tones in one ear, an identical one

in the opposite ear, and 8 more tones in the original ear.

The ninth stimulus for groups R and H and the tenth for

group S always occurred 60 sees, following the onset of

the stimulus on trial 8. The ninth tone for group S was

presented at the midpoint of the interval between the onset

of the stimulus on trials 8 and 10. The ear which received

the first tone was counterbalanced across the S^s in each

group.

The intertrial interval, as measured from onset to

onset, could take on any integer value between 35 and 60

seconds with the restrictions that the interval between

trials 8 and 9 for groups R and H and between trials 8 and

10 for group S was always 60 sees, and that any value
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appeared only once in the series of trials. Four different

stimulus sequences were generated. Each sequence was used

an equal number of times in each condition.

S were assigned to the experimental groups in an

alternating fashion. Each S was tested individually in a

single session. After the S was seated, the electrodes

were attached to the right and left arms and right leg.

The _S was told that although he should keep movement at

a minimum, he should attempt to remain alert and to

concentrate on what he heard through the earphones.

Exactly what type of stimulation would be presented was

not disclosed, but S_ was informed that what he would hear

would not be loud or unpleasant. The room lights were then

dimmed, and the _S was given a one minute adaptation period.

The experimental session lasted approximately 15 minutes.

Afterwards each was asked what he had heard, whether he

had heard tones in one ear or in both, how many tones had

he heard in each ear, when had he thought he heard a change

from one ear to the other (if the tone had been switched),

when had he heard the first and last stimulus, were the

tones he had received in each ear identical (if appropriate),

and what had he thought the stimulus duration to have been.

In order to meet the ethical requirements of the Psychology

Department at the University of Massachusetts for the use

of human S_s , each _S was told the purposes of these

investigations and given a written description of the
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experiments

.

Results

The raw data were first reduced to the average inter-

beat (R-R) interval (in milliseconds) per second for one

pre-stimulus and 18 post-stimulus seconds. More specifi-

cally, the average R-R interval for each second was deter-

mined by weighting each interval or part of an interval

occurring in a given second in proportion to the amount

of time it contributed to that second. As the stimulus

duration was 10 sees., the use of 18 post-stimulus seconds

allowed for the analysis of any offset response, as well

as the basic response to stimulus onset. For most of the

analyses, the data were further transformed into the average

heart rate (HR) per second in beats per minute (bpm.).

Although some of the first analyses were performed using

only the R-R interval, Graham and Jackson (19 70) have shown

that there is little difference between the distribution

of the time and rate measures within the range of adult

HR. Consequently, statistical analyses would remain

relatively unchanged if the data were transformed from one

response measure to the other.

Analysis of variance techniques were employed for most

of the data analysis. The between-S^ factors were, unless

otherwise indicated, Groups (R, S, and H)
,
Sex, and Ear

of Initial Stimulation. Various combinations of Trials
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and Seconds per trial were used as the within-S variables.

In general, a response to the stimulus was indicated in a

Seconds effect, that is a change in HR across seconds.

A modification of the response across trials, due to the

effects of either stimulus repetition or change, would show

up in a Trials x Seconds interaction. Similarly, group

differences in overall response, in habituation, or in

dishabituation would be indicated by a Groups x Seconds or

a Groups x Trials x Seconds interaction. Effects not

involving Seconds had relatively little importance for

this experiment as, in general, they only indicate

differences in base level HR. Trend analyses were used to

determine the nature of all response effects found in order

to minimize the consequences of any base level differences

in HR.

To determine whether there were any effects at all in

the data, a number of analyses were carried out on the

entire 19 seconds of the response curve. Because these

analyses confounded the response to stimulus onset with

that to stimulus offset, and because they were redundant

with some of the analyses reported below, a discussion

of them has been omitted from the text. They are, however,

included in Appendix A.

Response to Stimulus Onset .

A preliminary analysis of the average R-R interval
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for the pre-stimulus second showed no significant

differences among the experimental conditions or across

trials. None of the interactions with Groups, Sex, Ear,

or Trials were significant. Thus, there were no reliable

differences among conditions or trials in their base

levels

.

In order to investigate the response to stimulus onset,

a series of analyses were conducted on the average R-R

interval per second for 10 post-stimulus seconds. None of

the predicted effects were significant in the analyses

designed to discover any suggestion of a response decrement

across trials. However, the average R-R interval for this

post-stimulus period tended to decrease across the first

8 trials (Trials, F ( 7 , 168 ) =3 . 49 , p<.005), indicating a

general HR acceleration during the experimental session.

No other reliable effects emerged in the analysis of

trials 1 to 8. In an analysis of the first two trials, there

was again no suggestion of an initial response or a change

in response from the first to the second trial. This was

true even though the variability in the data from trials

3 to 8 which could have obscured a small initial response

was not included. A comparison of trials 1 and 8 also

revealed no evidence of a response to the first stimulus

or a change in response from the first to the eighth stimu-

lus. Note that the Trials effect was again present (F(l,24)=

4.45, p<.05), indicating a rise in HR from trial 1 to 8.



The absence of any initial response to stimulus onset is

apparent in the plot of the response curves for each group

on trial 1 (See Fig. l). a comparison of Figures 1 and 2

shows that the response functions on trials 1 and 8 were

very similar. Thus, these data suggested that there was no

initial response to stimulus onset and no change in response

as a function of trials in any of the experimental groups.

In what follows, it should be remembered that trial 9

in groups R and H and trial 10 in group S both occurred

60 sees, after the onset of trial 8. Trial 9 for group S,

the change trial, was halfway between the eighth and ninth

trials of groups R and H. Analyses were performed to compare

trials 8 and 9 in order to determine whether there was an

effect when the stimulus was switched from one ear to the

other. As illustrated in Figs. 2 and 3, there was no

indication of an overall response (Seconds, F ( 18 , 216 ) =1 . 59

,

n.s.) or of any differences among groups R, S, and H in

the change in the magnitude of response from trial 8 to 9

(Groups X Trials x Seconds, F ( 18 , 216 ) =1 . 37 ,
n.s.), as had

been predicted. Analyses of trial 9 alone and of trials

9 and 10 for all groups revealed no reliable effects.

In order to determine whether the response to the changed

stimulus in group R was different from that produced by any

excitation remaining from the interpolated tone in group S,

the data from trial 9 for groups R and H and from trial

10 for group S were submitted to an analysis of variance.
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Again, none of the predicted effects were significant.

Although the Ears x Seconds interaction (F ( 9 , 216 ) =2 . 44

,

PC025) was significant, this effect had no obvious inter-

pretation, particularly since no consistent ear differences

in response were found in the other analyses of the onset

response. To see if the decrease in the response to the

changed stimulus in group R was different from the decline

in response to the stimulus in the original ear which

succeeded the interpolated tone in group S, an analysis

was performed on trials 9 and 10 of groups R and H and on

trials 10 and 11 of group S. Although the overall HR

increased across these two trials in group R and decreased

in groups S and H (Groups x Trials, F ( 2 , 24) =5 . 80 , p<.01),

this effect was relatively unimportant in terms of the

response to stimulus onset. Pooled over all three groups,

the HR of males tended to increase across the two trials

while that of females remained relatively stable (Sex x

Trials, F(l, 24)=4.85
, p<.05). Only a few other interactions

with no clear interpretations were significant in this

analysis. (See Appendix A.) Finally, an analysis was

performed to determine whether group R's response to the

original stimulus habituated more slowly than the response

to the changed stimulus, as predicted. Trials 1 to 4 and

9 to 12 in groups R and H were included in this analysis

as two separate trial blocks. There was again no reliable
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evidence for the predicted effect (Groups x Blocks x Trials
X Seconds, F ( 27 , 432 ) =1 . 12 , n.s.). Thus, absolutely none of

the predicted groups or trial effects on the response to

stimulus onset were apparent from these analyses.

If the response to the stimulus was relatively weak

with a fast recruitment and a rather short duration, then

the analyses of the 10 post-stimulus seconds may have given

no evidence of a response for two reasons. The major

change from the pre-stimulus levels may have occurred in

the first second, thus not including the pre-stimulus

second in the above analyses may have prevented the

discovery of a response. If the response was completed

and had returned to baseline in much less than 10 seconds,

inclusion of the entire period would have just added unwanted

variability to the data. For these reasons, another set of

analyses was conducted which included 1 pre- and 6 post-

stimulus seconds. The dependent variable was HR. These

analyses again gave no indication of an initial response

to stimulus onset, of habituation, or of a response to

stimulus change in any group and no suggestion of any

differences among experimental treatments. The few

significant effects did not lend themselves to any easy

interpretation. (See Appendix A.)

Response to Stimulus Offset .

The analyses of the full 19 seconds suggested that



there had been some response to the stimulus, (See

Appendix A.) but according to the preceding analyses, the

response was apparently not to stimulus onset. The

following results indicate that there was some response

to stimulus termination. One pre- and 8 post-offset

seconds were included in the analyses of the offset

response. (The pre-offset second was equivalent to the

tenth post-stimulus onset second.)

A preliminary analysis indicated that there were no

differences in HR among the experimental conditions during

the pre-stimulus offset second. An analysis of the first

8 trials indicated that there was a response to stimulus

offset (Seconds, F ( 8 , 192 ) =6 . 29 ,
pC.OOl). This effect,

which can be seen in the second half of Fig. 1 and 2, was

further analyzed into its trend components. There was a

general rise in HR of approximately 1.5 bpm. from the

pre-offset period to the final post-offset seconds, as

indicated by the significant linear trend (F ( 1 , 24) =15 . 69

,

p<. 001). Pooled over all 8 trials, the basic response to

stimulus offset appeared to be a small deceleration of about

1.5 bpm., the low point of which occurred in the second

post-offset second. This interpretation was supported by

a significant quadratic trend on Seconds (F ( 1 , 24)=6 . 62

,

p<.025). None of the other trend components were signifi-

cant. (See Appendix A.) However, there was no indication

that this response habituated over trials, as the Trials x
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Seconds interaction was not significant (F ( 56 , 1344) < i )

.

There was a general rise in overall HR during the experi-

mental session for this final portion of the response curve,

as indicated by the significant Trials effect (F( 7,168)=

3.85, p^.OOl). For example, the mean HR on trial 1 was

74.9 while that on trial 8 was 76.4. This rise tended to

be more pronounced for males than for females (Sex x

Trials, F(7,168)=2.30, p<.05). The males showed an

increase in mean HR from 71.0 on trial 1 to 73.6 on trial 8,

while the change for females was only from 78.8 on the first

trial to 79.3 on the eighth.

When trials 1 and 2 alone were submitted to an

analysis, there was no indication that the response to

stimulus offset had changed rapidly during the beginning

of the session (Trials x Seconds, F(8,192)<1). An analysis

of just trials 1 and 8 also failed to indicate any habitua-

tion effects (Trials x Seconds, F ( 8 , 192 ) =1 . 05
, p>.05).

A response to offset was revealed in both these analyses

(Seconds: F(8,192)=2.94, p<.005; F ( 8 , 192 ) =2 . 18
, p<.05,

respectively). As the information supplied by these

Seconds effects was provided by the Seconds analysis of

trials 1 through 8, which was discussed above, no attempt

was made to further analyze these response curves. No

other readily interpretable effects were significant in

these two analyses. (See Appendix A.)

There was virtually no indication of an increase in
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the offset response when the stimulus was changed from one

ear to the other on trial 9 in groups R and S , as

illustrated in the offset portions of Figs. 2 & 3. The

Seconds effect disappeared entirely in an analysis comparing

trials 8 and 9 for the three groups, as well as in one

comparing the magnitude of the response on trial 9 alone.

When trials 9 and 10 for each group were entered into an

analysis, the Seconds effect reappeared (F ( 8 , 192 ) =2 . 75

,

p<;.01). However, the deceleratory component was completely

gone, as the HR in none of the post-offset seconds was

below that of the pre-offset second. There was only a

general rise across seconds of about 2 bpm. The other

analyses which included trial 10 also produced similar

Seconds effects (Trial 9 for groups R and H, Trial 10 for

group S, Seconds, F ( 8 , 192 ) =2 . 55 , p<.025; Trials 9 and 10

for groups R and H, Trials 10 and 11 for group S, Seconds,

F(8,192)=2. 33, p<.025). The fact that there was no

Trials x Seconds interaction in any of the above analyses

suggested that the form of the response was similar on

trials 8, 9, and 10. The response was very weak, and it

may have been by chance somewhat more consistent on trial 10.

Thus, when this trial was included in the analysis, the

Seconds effect reached significance.

Finally, the analysis which compared the response on

trials 1 to 4 with that on trials 9 to 12 for groups R

and H again revealed some response to stimulus offset
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(Seconds, F ( 8 , 1 28 ) =4 . 86 , p<.001), as shown in Fig. 4.

This effect was in part produced by a general rise in HR
across seconds (Linear Seconds, F(1,16) = 7.76, p<.025).
The overall response curve appeared to be biphasic (Cubic

Seconds, F ( 1 , 16 ) =6 . 42 , p<.025), however, unlike the offset

response previously discussed, there was a very slight

initial acceleration in the first post-stimulus second which

returned to the base level in the next second. There was

no deceleratory component to the effect. The early

acceleration coupled with a tendency for HR to drop in the

eighth and ninth post-offset seconds from its maximum in

the seventh second produced a significant quartic trend

(Quartic Seconds, F ( 1 , 16 ) =6 . 56
, p<.025). None of the

other trend components were significant. As illustrated

in Fig. 4, there was some suggestion that the response

during the first four trials differed from that during

trials 9 to 12 (Blocks x Seconds, F(8,128)=2.97, p<.005).

There was no difference between the two trial blocks in

the linear component of the response, as indicated by the

absence of a significant Blocks x Linear Seconds interaction

(F(1,16)<1). Although there had been no suggestion of

an initial deceleration in the overall Seconds effect,

there was such a component to the response in the first

trial block which disappeared in the second (Blocks x

Quadratic Seconds, F ( 1 , 16 ) =4. 90 ,
p<.05). The decline in

the deceleratory aspect of the response also accounted for



50

the significant Blocks x Cubic Seconds interaction

(F(l,16)=6.42, p<.025). The Blocks x Quartic Seconds

effect was also significant ( F (1 , 16 ) =4 . 64
, p<.05), but it

was difficult to interpret this aspect of the response

curve. Thus, the major difference in the response during
the two trial blocks was that the deceleration present in

the early trials was absent in the later ones. These data

suggested that there was initially a weak biphasic response

to stimulus offset with a deceleratory component which

reached its minimum in the second or third post-offset

second and a longer latency acceleratory component which

reached its maximum in the seventh or eighth post-stimulus

second. As the stimulus was repeated, the deceleration

disappeared, but the acceleration remained unchanged.

These conclusions were made with no little caution, however,

as the effects discussed were extremely weak.

Discussion

In summary, the results of this experiment revealed

no HR response to stimulus onset in any of the experimental

conditions. There was no suggestion of any modification

of the response as a function of either trials or change

in the ear receiving the stimulus. A consistent, but

small, response to stimulus offset did occur. There was

some weak indication that the offset response altered its

form across trials, in at least two of the groups. In the
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early trials, the response tended to be biphasic with an

initial deceleration followed by an acceleration. After

a number of stimulus repetitions, the deceleratory component

vanished, but the acceleratory component remained unchanged.

The offset response was not sensitive to having the stimulus

switched from one ear to the other. None of the predicted

effects were obtained.

Although the data failed to conform to prediction, the

results of this experiment said almost nothing about the

specific hypotheses or general theory advanced in the

Introduction. The study proved unsuccessful largely due

to methodological difficulties. Thus, the theoretical

notions which motivated this experiment essentially remained

untested.

One of the greatest problems encountered was that no

suitable method for collecting data on infant S^s could be

devised. Consequently, none of the original developmental

hypotheses, which were the principle interest of this study,

could be tested. Although various attempts were made to

find conditions acceptable to the infants, such as laying

them down or having them sit in their mothers' lap, the

major problem seemed to be that the infants would not

tolerate wearing earphones. Most infants protested almost

immediately when the earphones were placed on their heads.

Even though the headphones were lightweight and softly

padded, they were so large that they nearly encompassed
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simply have felt too confined. The problem remained that

the stimuli for this study had to be completely monaural,

therefore conventional speakers could not have been used

to present the tones. It is possible that smaller headphones

or earpieces could be constructed which the infant would

tolerate and wMch would present the stimulus to each ear

individually.

The basic methodological problem with the adult Ss

was that the stimulus did not elicit a reliable HR response.

This was not due to the fact that the S_s did not hear the

tones, as all those who reported hearing none of the stimuli

in one or both ears were not included in the data analysis.

Previous data (Berg and Graham, 1970; Graham, in press;

Smith and Strawbridge, 1968, 1969) indicated that one could

obtain a response to a stimulus which had an intensity as

low as 50 dB (re 0.0002 microbar). However, the experiments

by Graham and her associates were conducted in a sound-

proof room. The other investigators gave no information

about the nature of the experimental room or the background

noise levels. It is quite probable that all these

investigations were carried out in rooms with background

noise levels well below the 52 dB of the present experiment.

Thus, the background noise in this study may have masked

the stimulus tone, rendering it ineffective for producing

a HR response. Since the stimuli for this experiment must
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concerning auditory integration, the intensity of the tone

itself could not be greatly increased. According to

von Bekesy (1960), stimuli much more intense than 50 dB

produce a significant amount of cross hearing, at least

under ideal conditions. Thus, the signal-to-noise ratio

in the present study can only be increased by decreasing

the background noise level. Consequently, any replication

of this experiment should be conducted in a soundproof room.

Although no response to stimulus onset was found,

there was a consistent HR response to the termination of

the stimulus. There are a number of reports of an offset

response in the literature for both infants (Clifton and

Meyers, 1969; Lewis, 1971) and adults (Chase and Graham,

1967; Raskin, Kotses,and Bever, 1969a). None of these

studies reports finding a response to stimulus offset in

the absence of a response to stimulus onset. Stern (Stern

1968; Beideman and Stern, 1971), however, has suggested

that the OR to onset and offset may actually be made to

different stimulus attributes. Namely, the OR to onset

may be related to the content of the stimulus (factors such

as complexity or intensity) , while the OR to stimulus

termination may be related to the ability of the S^ to

conceptualize time or to attend to duration as a significant

attribute of stimulus. In the present experiment, the

response to offset initially had a significant deceleratory
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component which, according to Graham and Clifton (1966),

is the cardiac constituent of the OR. It is possible

that stimulus duration was a more salient cue than the

actual content of the stimulus, which in this case consisted

only of frequency and intensity. Even though perceived

by the Ss
,
the stimulus tone may have been below the

threshold necessary to produce a HR response to onset.

Once the S_s had heard the stimulus, however, they may

have tried to anticipate its duration, and then have been

surprised by its offset. This surprise could have produced

an OR. Thus, the response to stimulus offset may actually

represent a more cognitive response, tied to internally

generated expectancies and conceptualizations of time, than

the response to stimulus onset.

The data showed weak evidence that the deceleratory

component of the offset response tended to habituate, at

least when the average response on trials 1 to 4 was compared

to that on trials 9 to 12. Such rapid habituation was

further suggestion that this deceleration was an OR

(Thompson and Spencer, 1966; Graham and Clifton, 1966).

In general, a habituated OR is reinstated when the

stimulus conditions are altered in some way. There was

no indication, however, that the offset response increased

when the tone was switched from one ear to the other on

trial 9 in groups R and S. It may have been that this

change provided relatively little novelty to adult S^s

,



and they therefore failed to respond. On the other hand,

it may be that the two ears of adults are so well integrated

that a switch from ear to ear could not possibly elicit

an OR.
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EXPERIMENT II

The predictions made for this experiment were as

follov/s;

1) S^s should take no longer to habituate to a series of

tones single alternated from ear-to-ear than to a sequence

of tones presented entirely to one ear. If, as hypothesized,

adults have a central processing mechanism which integrates

the sensory input channels from each ear, then simply

alternating the signal from one ear to the other should not

increase the complexity of the situation. In both the

single alternation and monaural groups, the _Ss can perfectly

predict the location of the next stimulus.

2) The rate of HR habituation should be decreased relative

to that in the above two groups when the stimuli are randomly

switched from ear to ear. According to Sokolov (1963),

increasing the uncertainty of a stimulus makes habituation

to that stimulus more difficult. Thus, random alternation

should increase the uncertainty of the situation for an

adult since he cannot predict the position of the tone and

habituation should take relatively more time.

Method

Subjects . The S^s were 45 adults between the ages of 18

and 26. Nine were undergraduate students enrolled in
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hour of experimental credit for serving as an S. The

remainder were each paid $2.00 for their participation.

Two _Ss were dropped from the experiment because they fell

asleep during the session. Due to procedural errors, 7

others were also dropped. There were 36 Ss, divided into 3

experimental groups of 12, whose data were analyzed. One-

half of the _Ss in each group were male. The S^s in one of

the groups were taken from group H in Experiment 1. Thus,

only two additional groups were actually run for Experiment

2.

The apparatus and stimulus parameters were identical

to those used in Experiment 1.

Procedure . In general, testing procedures in this experiment

were the same as in Experiment 1. The monaural group (H)

received 16 stimulus tones in one ear. In group SA (single

alternation) , the stimuli were alternated from one ear to

the other on succeeding trials. Thus, on the odd numbered

trials the tone was presented to one ear and on the even

numbered trials to the other. Group RA. (random alternation)

received random presentations of the 16 tones to the left

and right ears with the restrictions that 8 stimuli were

presented to each ear and that the probability of an event

in one ear repeating itself was 0.53. Four different

sequences with these restrictions were generated, and each
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was used 3 times in group RA. (Note that in group H the
probability of an event repeating itself is 1, while in

group SA this probability is 0. However, events for both
groups are equally and perfectly predictable.)

As in Experiment 1, the intertrial interval varied

between 35 and 60 seconds. There were 4 random sequences

of intervals, each of which was used 3 times in each

experimental group. The ear in which the first tone was

presented was counterbalanced across the Ss in each group.

Results

The data for this experiment were reduced exactly as

they had been for Experiment 1. The analyses, unless

otherwise noted, included Groups (H, SA, and RA) , Sex of

_S, and Ear of Initial Stimulation as between-_S variables

and Trials and Seconds as within-S^ variables.

A preliminary analysis of the average R-R interval per

second including the entire 19 seconds of the response curve

on all 16 trials suggested that there had been some type of

response to the stimulus (Seconds, F ( 18 , 432 ) =4 . 9 3 , p<.001).

As it was impossible to know whether this effect was due

to a response to onset, to offset, or to both, and as the

analysis of all 19 seconds was redundant with those

discussed below, it has been omitted. (See Appendix B.)
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Response to Stimulus Onset .

An analysis of the pre-stimulus onset second in terms

of the R-R interval produced no significant differences.

In order to determine if there had been any response to

stimulus onset, the R-R intervals for the first 10 post-

stimulus seconds for each of the 16 trials were entered

into an analysis of variance. No significant effects were

found. An analysis designed to test for habituation effects

by comparing trials 1 and 8 also revealed no significant

differences. In an analysis of the first two trials,

there was no hint of an initial response to the stimulus

which habituated quickly, as indicated by the lack of any

significant Seconds effect or Trials x Seconds interaction.

No other effects with clear interpretations were reliable.

(See Appendix B.)

In order to avoid some of the variability inherent in

the 10 second analyses which may have obscured a weak, short

latency response, a set of analyses was carried out on 1

pre- and 5 post-stimulus seconds. HR was the dependent

variable. When all 16 trials were included, there was an

indication of a reliable response to stimulus onset

(Seconds: F ( 6 , 144) =3 . 95 , p<.001). This effect is

illustrated in Fig. 5. The response was basically a

deceleration which reached its maximum in the second post-

stimulus second. This initial deceleration coupled with a

tendency for HR to rise toward the pre-stimulus level in
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the fifth and sixth produced the highly significant cubic

trend on Seconds ( F ( 1 , 24 ) =23 . 22 ,
p^.OOl). Although both

the quartic (F ( 1 , 24) =4 . 91 , p<.05) and quintic (F( 1 , 24)=4.42

,

p<.05) trends reached significance, they were extremely

weak effects as compared to the cubic. None of the other

trend components of Seconds were significant. (See

Appendix B.) When just trials 1 and 8 were entered into

an analysis, it was found that group RA tended to show an

acceleratory response of about 3 bpm. while groups SA and

H showed decelerations of approximately the same magnitude

(Groups X Seconds, F ( 12 , 144 ) =2 . 35 , p<.01). There was no

obvious reason for this difference. ( Pre-s timulus level

differences, which according to the law of initial values

can contribute to varying shapes of the response function,

were probably not important here in that the pre-stimulus

levels were all within 3 bpm. of one another.) The analysis

of trials 1 and 2 also revealed no effects with obvious

interpretations. (See Appendix B.)

Response to Stimulus Offset .

An analysis of the pre-offset second (the tenth post-

stimulus onset second) revealed no significant effects.

One pre- and 8 post-stimulus offset seconds were used in

each of the following analyses. When all 16 trials were

included, there was an indication of a response to stimulus
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offset (Seconds, F(8,192)=8. 36 , p<.001), as illustrated in

Fig. 6. This response was very similar to that in

Experiment 1. There was a long latency accelerative com-

ponent of approximately 1 bpm. which peaked in the seventh

post-offset second. This aspect of the response accounted

for the significant linear trend across seconds (F(l,24)=

15.75, p<.001). A slight deceleration of less than 1 bpm.

reached its minimum in the second post-stimulus second.

This effect combined with a tendency for HR to decline to

the pre-stimulus offset HR baseline in the eighth post-

offset second produced a significant cubic trend (F(l,24)=

9.30, p<.01). None of the other trend components were

significant. (See Appendix B.) In the analysis of the

total 16 trials, there was a weak tendency for the HR

of the males to increase over trials and that of females

to decline (Sex x Trials, F ( 15 , 360 ) =1 . 89 , p<.025). There

was a significant Groups x Trials x Seconds interaction

(F(16,192)=2.18, p<.01) in the analysis of the offset

response on trials 1 and 2 alone. However, this effect

was extremely complex and may have been produced by random

fluctuations in the HR of individual _S s . Other second-

order interactions which were significant did not lend

themselves to any obvious interpretation. The analysis

of trials 1 and 8 revealed no reliable effects.
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Responders .

If certain Ss had paid relatively more attention to

the task, they may have reacted to the stimulus with a HR

deceleration. Some Ss may also have had lower thresholds

for the production of an OR as reflected in HR changes.

The responses of such Ss may have been masked in the group

statistics. In any case, if there were a group of Ss

who had responded to the stimulus, it was important to

examine their data. Only if an S had responded to the tone

on at least the first presentation, could he have possibly

shown habituation to stimulus repetition or dishabituation

to stimulus change. Pooling across both experiments, an

attempt was made to define a group of _Ss who had displayed

a deceleratory response on trial 1.

An _S was required to show a deceleration of 5 or more

bpm. for 3 or more seconds during the first 10 post-

stimulus onset seconds in order to be classed as a responder,

This criterion was employed for several reasons. First,

it insured a very large response on trial 1. In order for

an S_ to produce decelerations of this magnitude, his HR

st have been well below the pre-stimulus level for many

re than the 3 seconds counted. This is because an

adult's HR usually does not plunge 5 bpm. in one second

and return to baseline in the next. It generally takes

several seconds of gradual deceleration for HR to drop this

amount and probably even more time to rise to resting level

mu

mo
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again. Second, if less stringent criteria were used, such

as 2 or 3 bpm. decelerations, few £s could be eliminated as

non-responders. Using the above mentioned criterion, 22

out of the total of 60 S^s from both experiments were

classed as responders. One obvious flaw with this type of

criterion is that it does not take individual differences

in HR variability into account. Thus, a sample of Ss with

labile HRs may have been selected, and those S^s with

stabile rates who actually responded, but with rather small

decelerations may have been excluded. It also seems likely

that a 5 bpm. change is quite different to an _S with a HR

standard deviation of 3 bpm. than to one with a standard

deviation of 6 bpm. If there actually had been a large

proportion of _Ss who had elicited small, but consistent

responses, their data combined with that included in the

present analyses would have tended to produce a response

to stimulus onset ostensible in the group statistics. Given

that there was no hint of such a response in the overall

data, the present method of determining responders was

thought to be a reasonable first approximation.

The 22 responders were divided into 2 groups: 11 from

groups R,S, and H who received the first 8 stimuli all

in one ear (Non-switchers), and 11 form groups SA and RA

who had the 8 tones switched from one ear to the other

(Switchers). An analysis was performed on trial 1 alone

to determine whether these Ss actually had elicited a
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reliable initial response. One pre- and 10 post-stimulus

onset seconds were included in this analysis, and all other

analyses of the responders. There was no difference between

the groups (F< 1) or any indication that the response curve

was different for each group (Groups x Seconds, F<1). As

anticipated, there was a large response to the stimulus

(Seconds, F ( 10 , 200 ) =6 . 50 , p<.001) which is illustrated in

Fig. 7. The significant linear trend on this effect

(F( 1,20) =18. 27, p<.001) was produced by the gradual drop

in HR from the pre-stimulus to the tenth post-stimulus

second. This was probably because the large deceleratory

response demanded of these _Ss did not have time to return

to the pre-stimulus level. The major response to onset

was a deceleration of approximately 8 bpm. which reached

its minimum in the fifth post-stimulus second. Thus, there

was a significant quadratic trend on Seconds ( F ( 1 , 20 ) =16 . 60

,

p^. 001). None of the other trend components of this effect

were significant. (See Appendix C.)

An analysis was then performed across the first 8

trials to determine whether the S^s classed as responders

on trial 1 habituated. Again, there was no difference

between Switchers and Non-switchers or any interaction with

this variable. A significant Trials effect ( F ( 7 , 140 ) =2 . 51

,

p<. 025) was produced by a generally rising overall HR level

across trials, similar to that found in the analyses of

each experiment which had included all the S^s. There was



65

a response to stimulus onset (Seconds, F ( 10 , 200 ) =2 . 28

,

p<.025). This effect can be seen in Fig. 7. Pooled over

the 8 trials, the response was basically a decleration of

about 2 bprn. which reached its lowest point in the third

post-stimulus second and returned to the pre-stimulus level,

as indicated by the significant quadratic trend across

Seconds ( F ( 1 , 20 ) =11 . 00 , p<.005). None of the other trend

components on Seconds alone were significant. The most

interesting finding, however, was that this response tended

to change over trials (Trials x Seconds, F ( 70 , 1400 ) =1 . 79

,

p<.01). Specifically, the magnitude of the response

declined over trials, as demonstrated by the significant

interaction of the linear trend on Seconds with Trials

(F ( 7 , 140 ) =3 . 37 , p<.005). However, the largest decrease in

magnitude by far was between trials 1 and 2. The decrease

in response magnitude across trials was thus not entirely

linear and tended to have a quadratic component (Trials x

Quadratic Seconds, F ( 7 , 140)=2 . 20 ,
p<.05). These data

suggested that there had been rapid habituation of the

response to stimulus onset.

As can be seen in Fig. 7, however, the pre-stimulus

HR level for trial 1 was much higher than that on the other

illustrated trials. A comparison of the trial 1 pre-

stimulus level against the mean pre-stimulus HR for the next

7 trials indicated that the HR preceding the stimulus on

the first trial was reliably faster than on trials 2 through
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8 (F(l,20)=22.67, pC.OOl). On the other hand, an analysis
of variance revealed that the pre-s timulus HR for the trial

1 non-responders did not differ significantly across the

first 8 trials (F(7,259)<1). Although the average pre-

stimulus HR on trial 1 was higher for the responders than

for the non-responders (77.9 versus 74.5), this difference

was not significant (t(55)=1.17, n.s.). These data suggested

that the pre-stiinulus level of the responders may have been

abnormally high for these _Ss on trial 1. For those Ss

who did not respond on trial 1, the pre-stimulus level HR

was not particularly high compared to the levels on the

next 7 trials. Thus, the responders' deceleration may

have been an artifact of their elevated pre-stimulus HR,

that is the drop may simply have been regression toward the

mean.

As the data of the responders could be interpreted

to show habituation, an attempt was made to determine if

those responders drawn from groups R and S (those who

received a change in the ear in which the stimulus was

presented on trial 9) would show some increased response to

stimulus change. Analyses were performed comparing the 7

responders from groups R and S with the 4 responders from

group H and 3 others selected randomly from groups SA and

RA on trials 8 and 9 and on trial 9 alone. The analysis

of trials 8 and 9 did not yield any indication of a

response (Seconds, F(10,120) <1). Although there were



differences in the overall HR levels between Groups

(F( 1 ,12)=13.80 , p<.005) and between Trials ( F ( 1 , 12 ) =10 . 58

p<.01), there was no indication that any response changed

as a function of either of these variables. The analysis

of trial 9 alone, however, weakly suggested that the response

differed between groups (Groups x Seconds, F ( 10 , 120 ) =1 . 98

,

p<.05). The S^s who received a switch in the stimulus on

this trial tended to show a small deceleration (approximately

3 bpm.) while those who did not receive the change showed

no such decrease. It is interesting to note that of the

7 responders who received their first change in the location

of the stimulus on trial 9, only 3 reached the original

criterion of a responder (i.e., at least 3 seconds of

deceleration of 5 or more bpm. in 10 post-stimulus seconds).

Of the remaining 4 S^s , 2 showed a predominately acceleratory

response, and 2 showed virtually no response. Thus, the

group difference in response found in the trial 9 alone

analysis was produced by only 3 S^s

.

Finally, it should be noted that the above inter-

pretation of the Trials x Seconds interaction as habit-

uation across the first 8 trials by the responders is

clouded by the fact that the number of responders on any

trial remained relatively constant, as well as by the rather

high pre-stimulus level on trial 1. Although the number of

responders on trial 1 (22 out of 60) was the largest in

the experiment, the average number of S^s reaching the
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deceleration criterion across all trials was 16.625. A

chi-square analysis of the distribution of the total number

of responders on each trial indicated that it did not

depart significantly from its expected value ("X? ( 15 ) =13 . 28

,

p>.50). The number of S^s showing a response did not decrease

sharply across trials as would have been expected if

habituation had taken place. Further, having responded on

trial 1 did not alter the likelihood that the would

respond on any other trial. The number of trial 1 responders

producing a criterion deceleration did not systematically

decrease across trials. The data indicating the proportion

of trial 1 responders eliciting a response on all other

trials is given in Table 1. A Pearson chi-square test of

association demonstrated that responding on trials 2 to 16

was independent of having responded on trial 1 (X (15)=

7.44, p>.90). Thus, it appeared that there was a more or

less random distribution of responses across the 16 trials.

Discussion

Experiment 2 was run before the data from the first

study were completely analyzed. As it was therefore

impossible to anticipate all the problems which befell the

original investigation, the second experiment suffered from

the same methodological difficulties. Although there was

some suggestion of a response to stimulus onset, this

indication was rather weak. Masking of the stimulus by the
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background noise may have prevented the finding of a more

consistent response to onset. The absence of any differences

in response between the single alternation and random

alternation groups may have been due entirely or only in

part to the weaknesses in method, or at least in part to

the ineffectiveness of these experimental manipulations.

Pooled over all 16 trials, the analysis which included

1 pre- and 6 post-onset seconds revealed a small deceleratory

response to stimulus onset. There was no indication, however,

that the nature of this response altered as a function of

trials. Given the lack of a response to onset both in

Experiment 1 with exactly the same stimulus and in the other

analyses of Experiment 2, it was difficult to hypothesize a

psychological process which would account for this effect.

The apparent response to stimulus onset may have actually

been produced by random fluctuations in HR. On the other

hand, including all 16 trials in the present study might

have increased the stability of a weak, inconsistent

response which was otherwise obscured. In either case,

the HR response was not sensitive to stimulus repetition;

thus, it was difficult to label it as an OR. Furthermore,

as there were no group differences in the response to onset,

the effect carried little information in terms of the

theoretical notions which motivated this investigation.

Given that the onset Seconds effect appeared only once in

a large number of analyses in both experiments and given that
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it did not act like an OR, the absence of group differences

was not damaging to the original hypotheses.

The offset response in this study was similar to that

found in Experiment 1. It was a biphasic response with an

initial deceleration of less than 1 bpm. followed by an

acceleration of approximately the same magnitude. This

response was somewhat smaller than that found in Experiment

1, but this may be due to the fact that 16 trials were

included in the analysis in the second study, as compared

to 8 trials in the first. Thus, there may have been more

trial-to-trial variability in the analyses of Experiment 2

which tended to obscure the response. Unlike the finding

in Experiment 1, however, the response to stimulus offset

in this experiment showed no tendency to change over

trials. The previous conclusion concerning habituation of

the deceleratory component of the offset response was thus

rendered even weaker.

Although the data from the responders indicated that

a subset of jSs did respond to stimulus onset on trial 1,

there was no real evidence that this response habituated

over trials. There was also no suggestion that those

responders from groups R and S in Experiment 1 showed any

dishabitua tion when the stimulus was changed from one ear

to the other. In general, the S^s who responded, that is

met the deceleration criterion, on any given trial were

very likely not the Ss who responded on any other given
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trial. There was no strong evidence that the decelerations

counted were actually responses to stimulus onset in that

the elicitation of a criterion response bore little relation
to either stimulus repetition or change. As can be seen in

Fig. 7, the responders had a rather high pre-stimulus HR

level on trial 1. Thus, the "response" on the first trial

may have been nothing more than regression toward the mean.

In fact, the responders on any given trial may actually

have been S_s with pre-stimulus HR levels well above their

average base rates. The criterion employed to determine

a response, therefore, may have selected those S_s with high

pre-stimulus levels, and not those who responded to the tone,
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CONCLUSION

In peroration, it must be said that due to methodologi-

cal difficulties the theoretical notions which generated

these experiments remain untested. If the methodological

problems, particularly those concerning the use of infant

subjects and the discovery of stimulus conditions under

which adults would respond, can be solved, it would be both

interesting and worthwhile to re-examine the hypotheses

advanced in these investigations.

A repetition of these studies which included infants

would be only a beginning toward understanding the develop-

ment of auditory perceptual integration. In both of these

investigations, the stimuli were monaural. In Experiment 1,

any integration of signals reaching each ear was inferred

by the responses of the S_ to stimuli presented in one

ear after having received one or more stimuli in the other

ear. The nature of the S_' s responses to various sequences

of stimuli which were alternated between both ears was

taken as evidence of integration in Experiment 2. Any

effect that prior stimulation can have on the perception of

subsequent input is obviously in part due to the nature of

the stored representations of the earlier signals, as

well as to the process by which they interact with the

incoming stimulus. Thus, in both of these investigations,



perceptual integration was confounded with any processing,

interference, or decay occurring during the storage of the

stimuli preceding those of interest. Studies should be

undertaken which do not require the interaction of the

stored representation of one stimulus with the perception

of a later one. In other words, investigations should be

performed in which the stimuli are actually binaural, and

the signals reaching the two ears are simultaneous, or at

least nearly so.

A possible study that meets this requirement and that

would have considerable developmental interest would be an

investigation of the sound localization abilities of young

infants in which stimuli were presented at a number of

different positions relative to the head rather than only

on the binaural axis, as in Leventhal and Lipsitt (1964).

If it were demonstrated that infants could or could not

localize sounds presented at angles less than ninety

degrees off the median plane (a plane perpendicular to the

binaural axis which bisects the distance between the ears),

it would be much more convincing that they could or could

not integrate binaural signals. Another possibility would

be to present stimuli through earphones such that the times

of arrival of the signals to each ear were asynchronous.

To adults, time differences on the order of a few

milliseconds lead to the perception of a single localized

sound; that is they fuse the two signals (von Bekesy, 1960)
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It would be interesting to see how infants would respond to

these rather subtle changes in time of arrival. Finally,

although binaural masking is a well documented phenomenon

in adults, it has not yet been demonstrated in infants.

In order to understand the development of binaural inte-

gration, it would be important to investigate masking and

other types of binaural interference in very young Ss.
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FOOTNOTES

1.
It would also be interesting to perform this

experiment with infants. If their ears are not well

integrated, then presenting tones to both ears would vastly

increase the complexity of the situation for the infants.

Thus, the single alternation group should show slower

habituation than the monaural group, unlike the adults.

As infants may be relatively insensitive to sequential

structures, there should be no difference in rate of

habituation between the single alternation and random

alternation groups.
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FIGURES

Fig. 1 HR^response curves on trial 1 for groups R, s

Fig. 2 HR response curves on trial 8 for qrouos R s
and H. p ^, o,

Fig. 3 HR response curves on trial 9 for qrouns R s
and H. ^ i:-

,
>^

,

Fig. 4 HR response to stimulus offset in trial blocks 1
(Trials 1-4) and 2 (Trials 9-12) pooled over
groups R and H.

Fig. 5 HR response to stimulus onset pooled over all
16 trials and all experimental groups (SA RA
and H) . ^ , ,

Fig. 6 HR response to stimulus offset pooled over all
16 trials and all experimental groups (SA RA
and H) .

'
'

Fig. 7 HR response to stimulus onset on trials 1, 2, 4,
and 8 for the trial 1 responders.
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