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Studies by Kimura (196la; 1961b) have shouwn that when
different verbal stimull are presented simultanecusly to
the two ears, more accurate or efficlent report is ob-
tained from the ear which 1s contralateral to the domin-
ant hemisphere for speech. Thus, when different diglts
reach each ear at the same time, normal subjects correctly
report more digits from the right ear than from the left.,
Subsequent luvestligations have confirmed and extended the
generality of this flnding. Using dichotic listening
tests with large groups of normal subjects, Bryden (1963)
and Satz, Achenbach, Pattishall, & Fennel (1965) have
verlifled the right-ear superlority for competing digilt
series and have further demonstrated thls ear effect
after the report order of digits from the right and left
ears was properly controlled. MNMoreover, Broadbent and
Gregory (1964) have found that the right-ear effect
holds not only for the recall of dichoticaelly-presented
digits, but also for the multiple-choice recognition of
digits. Results simlilar to those cited above have been
obtained when filtered, phonetically-balanced (PB) words
(Dirks, 1963), balanced nonsense “words® (Curry, 1966),
and nonsense syllables (Kimura, 1967) were utilized
instead of digits. PFurthermore, Shankweiler and Studdert-
Kennedy (1967) have recently observed laterality effects



at the level of speech sound structure., These investi-
gators have noted a signlficant right-ear advantage for
the ldentiflcation of stop congsonants embedded in single
palrs of synthetic consonant syllables (CV) which were
dichotically channeled to the right-handed subjects.
Taken together, these dichotic studles indicate that nor-
mal llsteners are more successful in recoghizing and
recalling verbal stimull presented to the right ear,
which 1s the ear contralateral to the cerebral hemisphere
dominant for language in most right-handed persons. From
clinical observation, 1t has been established that for
the great majority of right-handed people verbal activi-
ties are predominantly medlated by the left hemisphere
(Milner, 1958 and 1967; Milner, Branch and Rasmussen,
1964 and 1966; Penfield and Roberts, 1959; Bussell and
Espir, 1961).

On the other hand, studies involving the monaural
presentation of verbal stimuli to normal listeners have
failed to provide conclusive or even conslstent evidence
for a fuunctional asymmetry in the auditory system. Several
workers, some of whom have only incidentally been con-
cerned with perceptual differences between the two ears,
have reported separéte speech-reception thresholds (spon-
dee words) for the right and left ears. In a comprehenslve

audiometric survey, Glorig et al. (1954) found significantly



lower right-ear thresholds for speech, particularly
among adult males. In contrast, Corso (1957) has re-
ported slightly lower left-ear thresholds for speech
reception in a mixed group of adult subjects. Still
other workers have found little or no disparity between
right and left-ear thresholds (Jerger, Carhart, Till-
man and Peterson, 1959). Most recently, Palmer (1964)
has employed such threshold comparisons in an attempt
to analyze the influence of cerebral dominance upon
the relative efficlency of the two ears. Palmer®s study
of male undergraduates revealed lower mean right-ear
thresholds than mean left-ear thresholds for the recep-
tion of spondaic words in this group, but the difference
between ears was minimal and not statistically signlifi-
cant., Investigators using verbal materials presented
monaurally at normal couversational levels have found
no significant differences between mean scores for the
right and left ears (Dirks, 1964; Curry, 1966). The
same result was obtalned when interrupted or filtered
speech was employed with normal subjects (Calearo and
Antonellli, 1963).

It is apparent from the research cited thus far that
an asymmetry between ears has been conslistently observed
only under dichotic listening conditions, and has not

been evident when subjects attended to only one ear at

a time. On the basis of neurophysiological and clinlcal



evidence, Kimura (196la; 1961b; 1967) has offered hypo-
theses to account for these behavioral findings. In
brief, 1t has been suggested that the right-ear Super-
lority for dlchotically-presented verbal stimull is 2
consequence of the dominant role taken by the left hemi-
sphere in the perceptlion of speech as well as the greater
efficiency of the crossed auditory pathways when com-
pared with the uncrossed pathways. Furthermore, in
Kimura®s view, some form of competition between path-
ways 1psllateral and contrelateral to the hemisphere
dominant for speech 1s necessary ln order to demonstrate
an asymmetry in the audltory system for the reception
of verbal material., With interaural rivalry between
the ascending auditory connections, it is assumed that
at points of overlap between the contralateral and
ipsilateral pathways impulses passlpg along the crossed
paths tend to occlude impulses arriving along the un-
crossed paths. Likewlse, at the cortical level, it 1is
presumed that the contralateral input is further augmented
over the ipsillateral input through central competition.
Electrophysiologlical studles of cat and dog provide
supporting evidence for this position. Although both
cochleae are represented in each cortical projection
area, 1t has been found that unilateral cochlear stimu-
lation evokes responses of higher amplitude in the con-

tralateral than in the ipsilateral cortex (Bremer and



Dow, 1939; Tunturi, 1946; BRosenzweig, 1951). In par-
ticular, Rosenzweig (1951) has taken these findings to
indicate that more cortical units in each hemlsphere

are fired by contralateral stimulation than by ipsila-
teral, and that in those units which flre to both contra-
lateral and 1ipsllateral stimulation, the crossed input
occludes the uncrossed. Additional, though less direct,
evidence for the greater effectiveness of the crossed
connections comes from investigations of unilateral
temporal-lobe dysfunction in man. Bocca and his co-
workers (1955), studying patients with temporal-lobe
tumors, have demonstrated that recognition of digtorted
words and accelerated speech is signiflcantly impaired
in the ear contralateral to the tumor. Sinha (1959)

has shown a contralateral ear deficlt when words masked
in white noise were monaurally presented to patients

who had undergone unilateral temporal-lobe removals.
Impairments in performance for the ear opposite a leslon
of the auditory cortex also have been found by Jerger
and Mier (1960) when irrelevent speech was delivered

to the ipsilateral ear. The research of Kimura (196la;
1961b) has revealed that unilateral temporal lobectomy
on elther side produces a deficit in the recognition of
dichotically-presented digits arriving at the ear contra-
lateral to the removal. It should be further noted that

impairment of overall performance, independent of the



ear to whloh stimull were chauneled, was greatest when
damage occured to the temporal lobe dominant for language.
Further evidence for the greater strength of the crossed
pathways comes from a recent study of patients with sur-
glcal dlsconnection of the cerebral hemlispheres (midline
section of the corpus callosum, anterlor commlssure, and
hippocampal commissure). It has been observed (Mllner,
Personal communication) that these patients show a very
marked right-ear effect for Kimura'’s (1961la) dichotilc
diglts task. 1In fact, under dichotic conditions, they
frequently denled hearing auny signal in the left ear and
only reported the right-ear input, whereas, with monaural
presentation, accurate report was obtained from both the
left and right ears. These findings, coupled with the
analysls of the effects of unllateral cortical lesions,
indicate that in man the crossed auditory connections from
ear to cortex are functionally more efficient than the
uncrossed.

The studies reviewed earller suggest that at least
some minimal amount of competing ilnput in the auditory
system 1s necessary for the appearance of sar differences
in the perception of verbal material. However, questions
concerning the nature of the stimulus parameters prerequi-
slte for the observation of differential ear effects to
date have receilved little research attention. For exam-
ple, with verbal tasks is 1t necessary that the compe-

ting input be meaningful speech or at least some form of
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patterned audltory stimulation? Or, would random nolse
channeled to the emr comtralateral to the one recel-
ving a simultaneocus and relevant verbal signal do Just
as well? Right-ear superlority has been noted when
normal listeners, under dichotlc conditlons, were instructed
to attend to and report the verbal stimuli from one esax
only (Kimura, 1967; Dirks, 1964). In this case the ver-
bal signals dellvered to the other ear were "irrelevant®,
but they were, nevertheless, efféctive in producing the
observed audltory asymmetry.

The objJjectlive of the present research was to inves-
tigate further the stimulus conditlons necessary for the
detection of a difference between ears in the percep-
tion of verbal material. More speclfically, the effects
of contralateral noise (l.e., narrow-band noise deli-
vered to one ear coincident with the delivery of a rele-
vant verbal signal to the other ear) upon the percep-
tion and immedliate recall of spoken material Wefe analysed.,
If at least some degree of binaural rivalry is required
for the appearance of functional asymmetries in the audi-
tory system, then, on the basis of past research, it was .
expected that verbal stimull delivered to the ear oppo-
site the dominant hemisphere for spesch would be more
often correctly ldentified and immediately recalled than
stimull chanuneled to the same side. On the other hand,

this differential effect was not anticipated under strictly



monaural conditions (i.e., no noise in the channel

conbralateral to the relevant signal).



Method

Three audltory tasks were presented to each subject.
These tasks will be described 1in detall below. The gen-
eral expoerimental paradigm was ldentlcal for all three
tests and 1s represented in Figure I. Tape~recorded
verbal materiallfor each task was delivered monaﬁrally
and in randomized-order to the right and left ears through,
stereophonlc earphones. In the experimental condition
of each teSt, nérrow-band noise withln speech freduencies
was simultaneously delivered to the ear opposite the
one recelving the relevaut verbal signal. In the con-
trol condition, nolse was absent in the contralateral
ear., Observatlions were made on every subject in the sam-
ple under all the nolse-ear treatment conditions, and,

thus, subjects served as their own controls.

Subjects
The subjects for this study were 24 female student

and postgraduate nurses, ages 19-33 (mean age 24.5).
Volunteers were not accepted as subjects if they perceived
their hearing as other than “normal®” oxr if they reported
ever having a punctured eardrum, a“running ear®, serlous
infection of the inner ear or speclalized medical atten-
tion for an ear ailment. Furthermore, only right-handed
persons were accepted as subjects in order to minimize

the probability of right-sided speech representation (lMilner,
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Branch and Rasmussen,1966). Thls determination was made
on the baslils of what they conslidered thelr handedness to
be, as well as their reported hand usiage in writing,
eating, combing halilr and cutting with sclgsors. Each

subject had a memory span of at least six diglits.

Apparatus

The test material was recorded on magnetic bape (73%
per second) through the use of a Teundberg (Model 6) dual-
channel tape recorder and a Shure crystal microphone
(Model 777S-X). Narrow-band noise (range 180 to 320 CPS,
centered at 250 CPS) was transferred to tape from a Rudmore
Diagnostic Audiometer (Model ARJ-R). The Tandberg tape
recorder and a Koss Stereophone Headset (Model PRO-4) were

utilized to present the test stimull to the subject.

Materials and Procedure

The tasks described below were administered to each
subject individually, in a single, one-hour testing session.
All of the experimental tests were carried out in a small,
qulet room. In order to counter-belance agalnst the possl-
bility of inequallity between earphones, channel recordings,
and test materials, a procedure was followed whereby
earphones were reversed for one-~half of The sample. As
a result of this procedure, material in one channel was
delivered to the left ear of half the subjJects, while

the others heard the same material in the right ear,
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Ploslve Discrimination Test., Thls task 1s similar to

one designed by Stitt (1961). The subject was required
to identify a stop consonant (P,B,T,D,K, or G) embedded
In a two-syllable nonsense "word®. The {irst syllable
conslsted of the vowel /a/ followed by one of the six
consonant phonemes noted above and the second syllable'
was composed of a speclified nasal, fricative, or sibilant
consonant phoneme followed by the vowel /a/. The non-
sense words were presented in groups of 24 trials with

a three-second interval between words. For each group,
the second syllable was invariant, but the stop consonant
in the first syllable was variable. Subjects were
instructed as follows:

You will now hear some nonsense words in one
ear or the other. Each word will begin with
the sound /a/, then the sound of one of these
six letters (P,B,T,D,K,G -~ printed ona card

and gilven to the subject) and, finally the

sound /ma/. For example, you might hear /AGMA/.
In each case I want you to tell me which of the
six letters you heard between the /fa/ sound

and the /ma/ sound. Sometimes you will hear
noilse in one ear and nonsense words in the

other,
Each one of the six stop consonants was dellvered twice
to the right and left ears in a randomized series of 24
trials. Altogether 60 presentatlons of nonsense words
(12 presentations with the second syllable ending /ma/,
12 with /na’, 12 with /say, 24 with ythay) were made



12

to each ear under the experimental (noilse to the contra-
lateral ear) and control conditions. The experimental
and control conditions alternated every 24 trials, with
half the subjects irecelving the experimental treatment
flrst and the other half receiving the control first.

The intensitylevel at which subjects heard the nonsense
words was approximately 4o 4B SPL (Re. 0.0002 dynes/cmz)o
In the experimental condition, the level of the contra-
lateral noise was 50 dB SPL., The onset and termina-
tion of the nolse was simultaneous (within 10 milli-

seconds) with the spoken duration of each nonsense word.

Digit Recognition Test. In this test, six or eight digits
were presented two at a time (in two different volces

of similar intonation) to the same ear. Therefore,

each presentation consisted of three palrs of six di-

glts or four palrs of eight dlgits separated by inter-
vals of one second. After each series of six or eight
numbers (one trial), the subject reported all the num-
bers she heard in any order she desired, Ten groups of
six diglits and five groups of eilght diglts were randomly
delivered to elther the left or right ear. .These com--
bined for a total possible score of 100 for each ear under
the experimental and control conditions. Experimental

and control treatments alternated every ten trials,

with the experimental condition preceding the control

condltion for one-half of the subjects (and vice-versa
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for the remaining one~half). The intensity level of
verbal material was approximately 55 dB SPL (Re. 0.0002
dynes/cmz) for this test. In the experimental condition,
the level of narrow~band noise channeled to the contra-
lateral ear was 65 dB SPL. The onset and termination

of the noise was simultaneous (within 10 milliseconds)
z%n%he onset and termination of each dlglt group. In

this way, nolse covered all the digits and also the

intervals between diglts for esach trial.

Digit Span Test. For thils task the subject heard a
series of diglts (6 to 10) channeled to one ear or

the other at the rate of one digit per second. At the
completion of each serles (one trial), the subject was
required to repeat the diglts In exactly the same order
that they were heard (digit span). A total of 15
trials were conducted under each noise-ear treatment
condition with three observations being made at each
digit-span length (i.e., a six-diglit number was pre-
sented three times, a seven-digit number three times,
etc.). Digit serles of varying lengths were randomized
and randomly channeled to the rlght and left ears.
Experimental and control treatments alternated every 15
trials. The maxlimum score possible for each ear was
120, this belng the total number of digits arriving

at each ear during the test. The intensity levels of
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the verbal material and the contralateral nolse were
the seme as those described for the Diglt Recognition
test (approximately 55 dB SPL for digits and 65 dB SPL
for nolse). In the experimental condition, nolse began
in one ear within 10 milllseconds of the delivery of
the first diglit in the serles to the other ear and
terminated within 10 milliseconds after the arrival of
the last diglit in the series.

Upon completion of the Diglit Span test, all subjects
were presented with a brief “shadowing® test. Series
of digits (from 6 to 10) were channeled to one ear (at
approximately 55 dB SPL) with nolse 1n the contralateral
ear (65 dB SPL) as above. A total of six numbers were
delivered to each ear, one number at each digit length.
In this situation, subjects were simply instructed to
repeat each diglt immediately after they heard it. Digits

were presented at the rate of one per second.

Data Treatment

For the Plosive Discrimination test, recognition
errors were tallled to provide a separate error score
for each subject under each treatment condition. In
the two digit tests, the total number of digits correctly
reported (in any order) by each subject from each ear
for the experimental and control treatments was calcu-~

lated, 1In addition, for the Digit Span test, a score
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which reflected memory span under each ear-nolse con-
ditlion was computed. The score was the sum of the digit
serles whlch were reported in correct or nearly correct
order. (If a subjlJect made one omission error, one
commission error or one serial-order error in a particular
series, then one credlt was subtracted from the total
possible score for that serles - e.g., if the seriles
"5862719% was presented and the subject reported ¥5862_19%
or “58624199 or 58672197, then a score of six, instead

of seven, was assigned for that trial.)

The data for each of the tests were submitted to a
three-way analysis of variance (ear treatment X nolse
treatment X subjects) and, where appropriate, individual
meauns across subjJects were compared through the use of

t tests for correlated samples.
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Results

A three-~way analysis of variance of recognltion
error~scores for the plosive discrimination task (Table I)
ylelds a significant F ratio (F = 5.72, p £.05) for the
contralateral nolse treatment; however, no other sources
of varliation approach significance. Table II presents
the mean error-scores for the left and right ears under
the control and experimentel conditions. As evident from
the table, the only slgnificant difference between these
means (t = 2.08, p <.05) occurs for the right ear be-
tween the experimental and control treatments (lL.e., re-
cognltion of stop consonants is poorer for the right
ear with nolse present in the contralateral ear than
with noilse absent)., It should be noted that the same
comparison of cell means for the left ear (t = 1.69,

p 4.10) approaches an acceptable level of significance.

For the digit recognltion task, an analysis of
variance of the number of diglts correctly reported
Table III) reveals substantial variation across both
the ear treatment (F = 14.42, p{.001) and the noise
treatment (F = 25.31, p £.001). Furthermore, a sig-
nificant interaction effect between these two sources
is apparent (F = 10.32, p<0l). An inspection of the mean
number of diglts correctly reported under the various treat-
ment conditions (Table IV) indicates no difference be-

tween ears when nolilse is absent, but a large difference
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when noise 1s present in the contralateral ear (t = 4.64,
p <.001) with significantly more digits reported from
the right ear than from the left. In fact, the mean
number of diglts reported from the left ear with noise
simultaneously presented to the right is slignificantly
below all other treatment means. No difference 1s ob-
served between mean scores for the right ear under the
experimental and control conditlons.

Both sets of scores for the diglt-span task were
subjected to a three-way analysis of variance., Table V
indicates the sources of variation for the number of
digits accurately reported without respect to order.
From thls enalysis, it 1ls evident that both the ear
and contralateral noise treatments produced slignifi-
cant effects upon performance. For the ear effect, the
F value ig 18.15 (p< .001) and for the nolse effect it
is 71.88 (p< .001). A comparison of cell means across
subjects (Table VI) once again reveals no difference be-
tween ears in the control condition (t = 1,11, NS), but
gignificantly superior report from the right ear under
the experimental condition (t = 4.12, p<.001), Both
the left-ear and right-ear scores with contralateral
noise present were significantly lower than those ob-
tained in the control situation. The t value for the
left-ear compafison is 7.65 ( p £.001), and for the right-

ear comparison, 3.59 ( p £.005). An analysis of variance
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of the span scores (sum of diglts series in correct se-
quence) in Tabla VII shows significant variation for the
ear (F = 15.08, p< .001) and noise (F = 30.29, p< ,001)
treatments. An interaction between the ear and noise
treatments 1s also present (F = 7,11, p<£.05). The differ-
ences between mean span scores are dilsplayed in Table VIII.
Essentlally, these differences are in the same relation
as those observed for the simple diglt recognition scores
already analysed for thls task. There 1s no significant
difference between means for each ear in the control
condition, whereas, in the experimental condition, the
left-ear span score is well below the right-ear score.
(t = 4,66, p& .00L), It should be pointed out that the
variance of the span scores 1ls conslderably greater thaun
the varlance of the digilt recognition scores for this
test., Finally, for the brief "shadowing® task which was
appended to the diglt span test, all 24 subjects achieved
perfect identification scores and most of them complained
mildly that the test was "too easy%.

The lmportant uspects of the analyses offered above
are summarlized in Fligure II. A right-ear advantage in
the experimental condition 1s present for the digit tests,
but not for the Plosive Discrimination test, ILaterallty
effects were not observed for any of the tasks in the

control condition (noise absent in the contralateral ear).
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Discussion

It 1= clear from the present investigation, as well
as from other research reviewed earlier, that some form
of lnteraural rivalry 1ls necessary in order to demon-
strate an asymmetry 1n the audltory system. The prin-
cipal new finding of this study is the apparent effective-
ness of random nolse as competing lunput in producing a
right-ear advantage for verbal material. For the two
tests involving the perception and immediate recall of
diglt series, a definite right-ear superiority was evi-
dent when narrow-band noilse was channeled to the ear
contralateral to the ear tested, whlle, consistent with
previous work, no significant differences between right
and left-ear scores were found for any of the experi-

mental tasks under monaural presentation conditions.

Stimulus PFactors and Laterality Effects

On the basis of these findings what, then, can be
sald about the nature of the stimulus parameters pre-
requisite for the observation of differential ear effects
in the perception and recall of verbal materlial? One
important factor seems to be the complexity of the stim-
ulus utilized as “competing input? under conditions of
binaural rivalry. As noted earlier, contralateral noise
as competing input in the Ploslve Discrimination test was

not effective in producing a right-ear eff'ect. On the
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other hand, Shankweller and Studdert-Kennedy (1967) have
shown a signlficant right-ear advantage in the recogni-
tlon of stop consonants embedded in consonant-vowel
syllaebles which were dichotically delivered in slingle
palrs. A comparison of two other studles provides

some further information about the relative effectlve-
ness of contralateral nolse as competing input in speech
recognition. Dirks (1964) has reported distinctly greater
right-ecar efficlency in the perception of dichotlically-
presented PB words, while no ear differences have been
noted for the intelliglbillity of PB words when nolse 1s
utilized as the contralateral input (Weston, Miller, and
Hirsh, 1965). Apparently, then, the observation of later-
ality effects for the perception of verbal stimull be-
comes more probable as the competing input to the oppo-~
site ear becomes more complex and more similar in quality
to the relevant verbal message. Evidence from recent
investigations (Kimura, 1967; Oxbury, Oxbury and Gar-
diner, 1967) in which 1t has been found that lrrelevant
verbal stimull delivered to the side contralateral to

the test ear were suffilclent for the appearance of a right-
ear advantage strengthens this interpretation.

In the present research, another stimulus factor
related to the emergence of a functional asymmetry in the
auditory system 1s the nature of the verbal task presented
to the subject. For the plosive task, subjects were simply

required to discriminate between one of six specifled stop-
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consonant phonemes embedded in nonsense syllables,

but, for the two dlgit tasks in which ear differences

were noted, greater cognlitlive demands were made upon

the listener. In the dlgit tasks, the subleoct was ob-
liged to recognize and recall (sometimes in correct order)
several bits of information per trial. Furthermore, there
1s evlidence to indicate that the requirement to recall

a series of items may gilve rise to greater difficulties

in the perception of the individual ltems in the series
(Aaronson, 1967). In this connection, it has been demon-
strated that the requirement to recall a serles of items
1n9reas§s the time needed for perception (Aaromson, 1965;
ég¥£;%é¥;$eh, Alyahrinskii aund Abul'’yan, 1960). Thus,

such conditions make veridical report more difflicult aund,
by enlarging the area of perceptual uncertainty may pre-
sumably permit more sensitive measurement with the result-
ing detection of definite ear effects. The ease with
which all subjects performed the digit shadowing task
further supports thlis argument, for, in the shadowing
situation, the listener was required to repsat aloud

only one digit at a time immediately after it was heard.

Mechanisms Underlying Binaural Rivalry

A consistent finding for all the experlimental tests
was the loss of efficliency for both ears in the recog-
nition of verbal stimull with contralateral noise present.

Oune plauslble explanation of this result is suggested by
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the fact that both ears are represented in each corti-
cal projection area and by the evidence that binaural
interaction takes place at each level up through the
medial geniculate body (Galambos, Rose, Bromeley; and
Hughes, 1952; Rosenzwelg and Wyers, 1952; BRosenzweig

and Sutton, 1958). It is conceivable that at supposed
points of overlap between the crossed and uncrossed path-
ways and at sites in the audiltory cortex, the narrow-band
nolse input may have partlally "jammed¥ the relevant
verbal slgnals. In this seunse, it 1s posslble that the
presence of contralateral noise tended to degrade or
attenuate the verbal input and thereby increased the
likelihood of recognltlon errors.

At this point, it should be re-emphasized that, for
the perception and recall of diglt serles, the inter-
fering effect of the nolse luput was significantly less
marked when digits were presented to the right ear than
to the left ear. The right-ear superlority for verbal
material observed under dichotic listening conditilons
has been explained by Kimura (1967) in terms of the
dominant role taken by the left hemlsphere in language
function as well as the greater efficlency of the neural
connections which the left hemisphere makes with the con-
tralateral ear than with the ipslilateral ear. More
specifically, Kimura suggests that through the processes

of "afferent occlusion" and "central competition®, the
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crossed input is favored over the uncrossed. Thus,
verbal stimuli arriving at the right ear would more
effectlively actlvate the trace sequences in the left
cerebrel hemisphere than those stimull arriving at the
left ear. The finding that performance for the digit
recognlition and digit span tasks was signifilcantly
better when digits were delivered to the right and
nolse to the left ear than under the converse chauneling
conditions ls conslistent with Kimura®s lanterpretation.
Thus far, emphasis has been given to the percep-
tual processes presumably involved in the tasks under
discussion. It may be argued that performance on the
digit tests was dependent on both perceptual and short-
term mnemonic factors and that a consideration of errors
in recall as well as perceptual errors induced by the
preseunce of contralateral noise 1z necessary. If the
listener is to report diglt series correctly, he must
not ounly "hear¥ accurately, but must also recall what
he has heard. From the present analyses, it is not
possible to weigh the relative contribution of percep-
tual confusions and short-term memorial or serial-order
confusions; for there appears to be no adequate way of
separating performance errors into dlscrete and meaning-
ful categories. Although two separate scores were ob-
tained for the digit span task, one for the total number

of digits correctly reported and another for the number



24

of digits reported in correct sequence, the pattern of
results for both measures was the same, and it is most
probable that both scores reflect the interpenetration
of perceptual and short-term retention components. Con-
celvably, the noilse input may have generated random
"neurological nolse" (Conrad, 1964) which interfered
with sequencling and subsequent recall of dlgit serles

in addition to the prior, increased perceptual stresses
which it produced.

An alternate, and perhaps more meaningful wéy of
interpreting the effects of noise upon diglt recogni-
tion and recall is suggested by a comparison of the
digit span and diglt shadowlng test results. It will
be recalled that the performance for the shadowing
task was errorless for all subjects, indicating that
the listener was able to "hear" the individually pre-
sented digits. On the other hand, with the same noise
condltions in effect, a marked decrement in performance
was observed for the span test. It may be that the
additional effort required to recognize the digits under
condltions of degraded input decreased the "spare capa-
city"? (Broadbent, 1958) available to perform further
cognitive operations or, more simply, reduced the oppor-
tunities for rehearsal. The recent findings of Rabbitt
(1966) lend support to this suggestion; for Rabbitt has
shown that recognition memory for words which were cor-

rectly heard in white noilse was significantly inferior
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to recognition for words not so masked. Yet, whatever
the mechanisms involved, 1t appears most likely from
the observatlions reported here that contralateral nolse
was disruptive during both the perceptual and recall

stages of the dilglt tasks for which a right-ear effect

was obtained.
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Summary and Concluslons

The purpose of the present research was to investi-
gate the stimulus conditlons necessary for the obser-
vation of differential ear effects in the perceptlon
and lmmediate recall of verbal stimuli. Three auditory
tests employing spoken material were administered to
normal, female subJects. In one test (Plosive Discrim-
ination), subjects were required to recognize one of 8ix
stop consonants embedded in a two-syllable, nonsense
word. In another (Diglt Recognition), six or eight
digits were presented two at once (in two different
volces of similar intonation) to the same ear, and
subjects were required to repeat all of the numbers
they heard in any order. In the third test (Digit
Span), the listener heard a series of from six to ten
digits channeled to one ear or the other, and, at the
end of each serles, was obliged to recall the digits in
correct sequence. In addition, a brief digit-shadowing
task for which subjects were requested to repeat each
digit as it was heard was appended to the span test.
The tape-recorded material for each of the three tests
was delivered monaurally to the right and left ears
through stereophonic earphones. In the experimental
condition of each task, narrow-band noise was simul-
taneously channeled to the ear opposite the one receiving
the relevant verbal signal, whereas, in the control

condition, noise was absent in the contralateral ear.
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Each subject was tested under all conditions, and, thus,
subjects served as thelr own controls.

Contralateral nolse as competing input was found to
impalr overall performance on all three experimental
tests, irrespective of the esar to which stimuli were
presented. For both diglt tasks, a slgnificant right-
ear advantage was observed under the nolse conditilonm,
.whereas, for the Plosive Discrimination test, no sig-
nificant ear difference was obtalned. Differential
ear effects were not present for any of the tests in
the control condition and performance on the shadowing
task was errorless for all subjJects. With respect to
these results it 1s concluded that some minimal form of
binaural competition is requlred in order to detect a
stable right-ear effect for the report of verbal materilal.
It is suggested that the observation of a right-ear
advantage becomes more probable as the competing
input becomes more complex and homologous to the rele-
vant verbal message. On the baslis of electrophyslological
and clinical evidence, it is proposed (after Kimura, 1967)
that contralateral nolse as competing lnput acted to
degrade the verbal input through the mechanisms of afferent
and cortical occlusion, and that, as a result of the
greater efficiency of the crossed auditory counnections,
this effect became maximal when nolse was delivered to
the ear opposite the dominant hemisphere for speech.

Although the observed laterality effect for the diglt
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tests can be most plausibly interpreted in terms of
perceptual rivalry in the auditory system, it 1s
further suggested that the interfering effects of the
noise input were also operatlive durling the recall

stages of these tasks.
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TABLE I

Analysis of Variance for Plosive

Discrimination Test Data

SUM OF VARIANCE
SOURCE SQUARES df ESTIMATE F VALUE
Ear Effect (E) ‘3134 1 11,34 2.44
Noise Effect (N) 31,51 1 31.51 5,72%
Subjects (S) 1841,16 23 80,05
Interaction: ExS 106,91 23 4,65 1.30
Interaction: NxS 126,74 23 5.51 1,54
Interaction: ExN 0.01 .1 0.01 0,003
Interaction: ExNxS 82.24 23 3.57
Total 2399,91 95

“ P .05
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TABLE II

Plosive Discrimination Test: Mean Number of

Recognition Errors for the Perception of Stop

Consonants under Various Treatment Conditions

EAR TREATMENT

Mean Errors Mean Errors
for for

Left Ear Right Ear

Control 11.25 t=1,17 10.54
Condition (SD=5,38) NS (SD=4,59)
! \ \ A
NOISE b | t=1,69 t=2.08

TREATMENT NS p <.0
r ’ y v

Experimental 12,38 t=1,18 11,71
Condition (SD=5,36) NS (SD=3.92)

NOTE: One-tailed t tests for correlated samples were computed.
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TABLE III

Analysis of Variance for Digit

Recognition Test Data

VARIANCE

SOURCE ggﬁAggs df  ESTIMATE F VALUE
Ear Effect (E) 84,38 1 84,38 1, 42%%
Noise Effect (N) 121,51 1 121,51 25,31%%
Subjects (8) 4573.33 23 198,84
Interaction: ExS 134,63 23 5.85 1.18
Interaction: NxS 110,50 23 4,80 0.97
Interaction: ExN 51,08 1 51.08 10.32%
Interaction: ExNxS 113.90 23 4,95
Total 5189.33 95

* P<,01
s P< . 001
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TABLE IV

Digit Recognition Test: Mean Number of

Digits Corectly Rep.rted under Various

Treatment Conditions (N=24)

EAR TREATMENT

Mean Score Mean Score
for . for
Left Ear Right Ear
Control 80,08 t=,67 80,50
Condition (SD=7.43) NS (SD=7.51)
. 1 n
NOISE t=6.,55 t=1.13
TREATMENT p<.001 "'NS
/ Y I' !/ 4
Experimental 76,38 79,71
Condition (SD=7,.60) t=4,6u (SD=6.,71)
~ p<.001

NOTE: One-tailed t tests for correlated samples were computed.
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TABLE V

Analysis of Variance for Digit

Span Test Data

AN

SOURCE

Ear Effect (E)
Noise Effect (N)
Subjects (8)
Interaction ExS
Interaction NxS
Interaction ExN
Interaction ExNxS

Total

SUM OF

SQUARES
121.50
4420
2783,00
154,00
141,46
70,04
166.46

3878,50

df

23
23

23
95

VARIANCE

ESTIMATE

121.50
hy2; 0k

121.00

I VALUE

18,15%:%

71.88**

* P < ,01
%% p < .001
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TABLE VI

Digit Span Test: Mean Number of Digits

Correctly Reported under Various Treatment

Conditions (N=24)

EAR TREATMENT

Mean Score Mean Score
for for
Left Ear Right Ear
Control 107.50 t=1l.11 108.04
Condition (Sh=5,.88) NS (SD=5.70)
'r \ \ \
NOISE t=7.65 t=3.,59
TREATMENT p<.001 p<.005
v / . - v 4
Experimental 101,50 t=l,12 105,45
Condition (SD=6,20) p <.001  (SD=5,94)

NOTE: One-tailed t tests for correlated samples were computed.
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TABLE VII

Analysis of Variance For Digit

Span Test Data (Digit Series

Reported in Correct Sequence)

SUM OF
SOURCE SQUARES
Ear Effect (E) 590,04

Noise Effect (N) 1600.67
Subjects (S) 30,812.83
Interaction: ExS 899,96
Interaction: NxS 1215,33
Interaction: ExN-: 376.0u4
Interaction: ExNxS 1216,96
Total 36,711.83

23

23

23

23

95

VARIANCE

ESTIMATE

590,04
1600,67
1339.69

39.13
52,84
376.04
52.91

F VALUE

15,08%=

30.29**

974
1.00

7.11%

% P <.05
B P <,001
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TABLE VIII

Digit Span Test: Mean Number of Digits

Reported in Correct Sequence under Various

Treatment Conditions (N=24)

EAR TREATMENT

Mean Score Mean Score
for for
Left Ear Right Ear
49,79 =.50 50.79
Control (SD=20,21) NS (SD=18,21)
Condition o o
X\ N A
NOISE t=5.,99 t=1,94
TREATMENT p<. 001 P &4.05
4 ‘f y \I
Experimental 37.67 t=4,66 46,58
Condition (SD=19.97) p<£.001 (SD=18.57)

NOTE: One-tailed t tests for correlated samples were computed.
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FIGURE I

General Experimental Design: Intra-Individual

Analysis of Differences in Task Performance

across Treatment Conditions

EAR TREATMENT

Verbal Signal

Verbal Signal

to to
Left Ear Right Ear
Performance Score Performance Score
for for
Left Ear Right Ear
Control
Condition
Noilse Absent in Noise Absent in
Contralateral Ear Contralateral Ear
NOISE
TREATMENT _ :
Performance Score Performance Score
for for
Left Ear Right Ear
Experimental
Condition '
“Eontralateral Contralateral
Noise Present Noise Present
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Comparisons of the Percentages of Correct Responses

from the Left and Right Ears under Experimental (E)

and Control (C) Conditions on Three Monaural Tasks.
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