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Studles by Klmura (l961a; 1961b) have shol"n 'that when 

dlfferent verbal stlmull are presented slmultaneously to 

the two ears, more aoourate or efflclent repor't ls ob­

talned from the ear whloh 18 contralateral to the domln­

ant hemlsphere for speeoh. Thus, when dlfferent diglts 

reaoh eaoh ear at the sarne time, normal subjects correotly 

report more dlgits from the rlght ear than from the left. 

Subsequent lnvestigations have oonflrmed and extended the 

generallty of this flnding. Using d!chotic 11stenlng 

tests wlth large groups of normal 8ubjects, Bryden (1963) 

and Satz, Achenbach, Pattishall» & Fennel (1965) have 

verlfled the rlght-ear superlority for competing diglt 

series illld have further demonstrated this ear effect 

after the report order of dig! ts from the right and le:f't 

ears l'las properly controlled. Moreover, Broadbent and 

Gregory (1964) have found that the right-ear effeot 

holds not only for the recall of dichotioally-presented 

digits, but also for the multiple-cholce recognition of 

digitso Results slml1ar to those cited above have been 

obtalned when filtered, phonetloally-balanced (PB) l'lords 

(Dlrks, 1963), balanced nonsense nwords U (Curry, 1966), 

and nonsense sylla.bles (Klmura, 1967) t"lere utl1ized 

!nstead of dlg! ts 0 Furthermore, Shankwel1er anèl. Studdert­

Kennedy (1967) have recently observed laterallty effects 
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at the level of speech sound structure. These investi­

gators have noted a sign,if1cant r1ght-ear advantage for 

the identification of stop consonants embedded in single 

pairs of synthetic consonant syllables (CV) which wel'e 

dichotically channeled t() the right-handed subjectso 

Taken together, these d1chotic stud1es indicate that nor­

mal listeners are more successful in recognizing and 

recalling verbal stimuli presented to the right ear, 

which is the ear contralateral to the cerebral hemisphere 

dominant for language in most right-handed persons. From 

clinlcal observation~ lt has been established that for 

the great majorlty of right-handed people verbal activi­

ties are predominarltly mediated by the left hemisphere 

(Milner, 1958 and 1967; Milner 9 Branch and Rasmussen, 

1964 and 1966; Penfield and Roberts, 1959; Russell and 

Espir, 1961)0 

On the other hand, studies involving the monaural 

presentation of verbal stimuli to normal listeners have 

failed to provide conclusive or even consistent evidence 

for a functional asymmetry in the auditory system. Several 

l'lorkers, sorne of whom have only incidentally been con­

cerned l'li th perceptual d1fferences bet1'Jeen the tl'lo ears, 

have reported separate speech-reception thresholds (spon-

dee words) for the right and left ears. In a comprehensive 

audiometric survey, Glorig et al. (1954) found sign1f1cantly 
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lower right-ear thresholds for speeoh, partioularly 

among adult males. In oontrast, Corso (1957) has re­

ported s11ghtly lower left-ear thresholds for speeoh 

reoept1on in a mixed group of adult subjeots. still 

other workers ha,ve found li ttle or no disparl ty betl'leen 

right and left-ear thresholds (Jarger, Cerhart, Tl11-

man and Peterson, 1959). Most reoently, Palmer (1964) 

has employed suoh threshold oomparisons in an attempt 

to analyze the influenoe of oerebral dominanoe upon 

the relative effioienoy of the two ears~ Palmeros study 

of male undergraduates revealed lower mean rlght-ear 

thresholds than mean left-ear thresholds for the reoep­

tion of sponda10 l'lords in thls group, but the differenoe 

between ears t'Jas minimal and not stat1stioally sign1fi­

oant. Investigators using verbal materials presented 

monaurally at normal oonversational levels have found 

no signifioant differenoes between mean soores for the 

right and left ears (Dirks, 1964; Curry, 1966)0 The 

sarne result wes obte1ned when interrupted or filtered 

speeoh wes employed with normal subjeots (Calearo and 

Autonelli, 1963)0 

It is apparent from the researoh oited thus far that 

an asymmetry between ears has been oons1stently observed 

only under diohotio listening oonditions, and has not 

been evident when subjeots attended to only one eer at 

a timeo On the basls of neurophysiologioal and olinloal 
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eVidence, Kimura (19618.; 1961b; 1967) has offered hypo­

theses to account for thase behavioral find1ngs. In 

brief, 1t has been suggested that the r1ght-ear super-

10rity for d1chot1cal1y-presented verbal stimu11 18 a 

Iconsequence of the dom1nant; l'ole taken by the left hem1-

19phere ln the percept10n of speech as well as the greater 

Elft'lciency of the crossed audl tory pathways when com­

pared wlth the uncrossed pathways. Furthermore, ln 

Klmuraos viela, some fOrIn of compet1t1on between path­

ways ipsl1ateral and contralatera1 to the hemlsphere 

dominant for speech ls necessary in order to demonstrate 

an asymmetry in the auditory system for the recept10n 

of verbal material o l'T1th lnteraural rlvalry between 

the ascending auditory connections, it 18 assumed that 

et polnts of overlap between the contralateral and 

ipsl1ateral pathways lmpu1ses pa8s1ng along the crossed 

paths tend to occlude impulses arrlvlng along the un­

crossed paths 0 Liltel'Jlse Il at the cort1oal levaI \1 1 t ls 

presumed that the contralateral input ls further augmented 

over the ipsl1ateral input through central oompet1t10n. 

Eleotrophysiologlcal studles of cat and dog prov1de 

supporting evidence for this positlon. Although both 

cochleae are represented in each cortical projection 

area, it has been found that unilateral cochlear stimu­

lation evokes responses of hlgher amplitude in the con­

tralaterel than in the ipsilateral cortex (Bremer and 
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Dow, 1939; Tunturi, 1946; Hosenzweig, 1951). In par­

t1cular, Hosenzwelg (1951) bas taken these findings to 

indicate that more cortical units 1n each hemisphere 

are fired by contralateral stimulation than by ipsila­

teral, and that in those units whlch rire to both contra­

lnteral and ipsilateral. 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 mano Bocca and his co­

workers (1955), studyll1g patlents "t"11 t.h temporal-lobe 

tumors, have demonstrated that recognlt1on of dlstorted 

l'lOrds and accelerated speech ls signlf1cantly lmpalred 

in the ear contralateral to the tumoro Sinha (1959) 

has shown a contralateral ear defioit when l'lords masked 

ln white nolse were monaurally presented to patients 

who had undergone unilateral temporal-lobe removalso 

Impalrments ln performance for the ear opposite a lesion 

of the auditory cortex also have been found by Jerger 

and Nier (1960) when lrreleve.nt speech was delivered 

to the ipsilateral earo The research of Kimura (196la; 

1961b) has revealed that unilateral temporal lobectomy 

on either s1de 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 

lmpalrment of overall performance, independent of the 
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eer to whioh stimuli were ohauneled Il was greatest when 

damage ocoured to the temporal lobe dominant for language. 

Further evidence for tho greater strength of the crossed 

pathways comes from a l'ecent study of patients wi th sur­

gical disconnection of the cerebral hemispheres (midline 

seotion of the corpus oallosum, anterior commissure, and 

hippocampel commissure). It has been observed (Milner, 

Personal communication) that these patients show a very 

marked rlght-ear effect for Klmuraos (1961a) dichotic 

digits task. In fact, under dichotic conditions, they 

frequently denied hearing any signal in the left ear and 

only reported the right-ear input, whereas, with monaural 

presentation, accutrate report waB obtained from both the 

1eft and rlght ears 0 These findlngs, coup1ed l'li th the 

analysis of the effects of unilateral cortical lesions, 

lndicate that in man the crossed auditory connections from 

ear to cortex are functionally more efficient than the 

uncl"ossedo 

The studies reviewed earlier suggest that at least 

some minimal amount of competing input in the auditory 

system is necessary for the appearance of ser differences 

in the perception of verbal material o However, questions 

concerning the nature of the stimulus parameters prer~qui­

site for the observation of differential ear effects to 

date have received little research attentiono For exam-

pIe, with verbal tasles is it necessary that the compe­

ting input be meaningful speech or at least sorne form of 
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patterned auditory stimulation? Or, would random noise 

channeled to the ear contralateral to the one rece1-

ving a simultaneous and relevant verbal signal do just 

as weIl? Right-ear superiority has been noted when 

normal listeners, under d1chotic condi1;1ons, were instructed 

to attend to and report the verbal stimuli from one ear 

only (K1mura, 1967; D1rks, 196~~') 0 In this case the ver-

bal signaIs deIi"vered to the other ear were "11'relevant" , 

but they were, nevertheless, effective in produoing the 

observed auditory asymmetryo 

The objective of the present research l'las to inves­

tigate furth0r the stimulus conditions necessary for the 

detection of a difference between ears in the peroep­

tion of verbal materialo More specifically, the effects 

of contralateral noise (ioe .. , na.rrow-band noise de11-

vered to one ear co1ncident with the de11very of a rele­

vant verbal signal to the other ear) upon the percep-

tion and immediate reca11 of spoken material l'lere analysed .. 

If at Ieast some degree of binaural r1valry 1s required 

for the appearance of funct10nal asymmetries in the audi-

tory system, then Sl on the basis of past research Sl it 't'1as 

expected that verbal stimu11 delivered to the ear oppo-

site the dominant hem1sphere for speech would be more 

often correctly identified end immed1ately recalled than 

stimuli channeled to the sarne side.. On the other hand, 

this differential effect 't'Jas not ant1cipated under strictly 
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moneural oonditions (i.e., no noise in the channel 

contralateral to the relevant signal). 
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Method 

Three audltory tasks were presented to each sUbject. 

These tasks wl11 be descrlbed ln detal1 below. The gen­

eral experlmental paradlgm wes ldentlcal for all three 

tests and ls represented ln Flgure I. Tape-recordod 

verbal materlal for each task was dellvered monaurally 

and ln randomlzedorder to the rlght and left ears through . 

stereophonlc earphones. In the experlmental condltlon 

of each test, narro't'l-band nolse l'Jl th1n speech fre(1.uenc1es 

t'Jas slmultaneously dellvered to the eer opposite the 

one recelvlng the relevant verbal signal. In the con­

trol condition, noise was absent in the contralateral 

earo Observat10ns l'lere made on every subject in the sem­

ple under all the nolse-ear treatment conditlons, and, 

thus, subjeots served as the1r own controls. 

Subjects 

The subjects for thls study l'Jere 24 female student 

and postgraduate nurses, ages 19-33 (mean age 2405)0 

Volunteers were not accepted as subjects if they percelved 

the!r hearlng as other than unol'malu or 11' they reported 

evel' having a punctured eardrum, atlrunning earu Il ser10us 

infeotion of the inner ear or specialized medical atten­

tion for an ear ailment. Furthermore, only rlght-handed 

persons were accepted as subjects in order to minimize 

the probabl1ity of right-s1ded speech representation (Ml1ner, 
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Branch and Rasmussen,1966). This determination was made 

on the basis of l'lhat they considered their handedness to 

be, as we1l as their reported hand us~age in writing, 

eating, combing hair and cutting with scissors. Each 

subject had a memory span of at 1east six digits. 

Apparatus 

The test materia1 was recorded on magnetic tape (7*" 

per seoond) through the use of a Tsmdberg (I1ode1 6) dual-

ohanne1 tape reoorder and a Shure orysta1 miorophone 

(r1ode1 '177S-X) 0 Narrow-band noise (range 180 to 320 CPS, 

oentered at 250 CPS) was transferred to tape from a Rudmore 

Diagnostio Audlometer (Mode1 ARJ-R). The Tandberg tape 

recorder and a Koss Stereophone Headset (Mode1 PRO_l}) were 

uti1ized to present the test stimuli to the subject. 

Materia1s and Procedure 

The tasks described be10w ware administered ta each 

subject indlvidua11y, in a single, one-hour testing session. 

All of the experimenta1 tests were carried out in a sma11, 

quiet room. In order to counter-ba1ance against the possi­

bi11ty of lnequa1ity between earphones, channel recordings, 

and test materia1s, a procedure was fo11owed whereby 

earphones were reversed for one-ha1f of the sample. As 

a resu1t of this procedure, materia1 in one channel was 

de1ivered to the 1eft ear of ha1f the subjects, whl1e 

the others heard the same materla1 in the rlght ear. 
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Plos1ve D1sorim1nat10n Test. Th1s task 18 sim1lar to 

one des1gned by St1tt (1961). The subjeot was requ1red 

to 1dentify a stop consonant (P,B,T,D,K, or G) embedded 

1n a two-syllable nonsense "l'lord Il CI The f'irst syllable 

oons1sted of the vowel la/ followed by one of the s1x 

oonsonant phonemes noted above and the seoond syllable 

l'las composed of a spec1fied nasal, fricative, or sïbilant 

consonant phoneme followed by the vowel /a/. The non­

sense words were presented 1n groups of 24 tr1als wlth 

a three-second interval between l'lords. For each group, 

the second syllable was invariant, but the stop consonant 

in the f1rst syllable was variableo Subjects were 

instructed as follows: 

You will now hear some nonsense words in one 
ear or the other. Each l'lord will begin with 
the sound lai, then the sound of one of these 
six lettera (P,B,T,D,K,G - printed ona card 
end given to the subjeot) and, finally the 
sound Imalo For example, you m1ght hear tAGMA;. 
In each case l want you to tell me which of the 
six latters you heard bet't'Jeen the laI sound 
and the Ima/ sound. Somet1mes you will hear 
noise in one ear and nonsense words in the 
othero 

Each one of the six stop consonants was delivered twice 

to the right and left ears in a randomized series of 24 

trials. Altogether 60 presentations of nonsense l'lords 

(12 presentat;ions l'li th the second syllable ending Ima/, 

12 with Ina! $) 12 with Isa/, 24 l'Jith Ithaj) were made 
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to each ear under the experimental (noise to the contra­

lateral ear) and control conditionso The experimental 

and control conditions alternated every 24 trials, with 

half the subjects receiving the exper1mental treatment 

f1rst and the other half rece1v1ng the control f1rst. 

The 1ntens1tylevel at 't1hich subjects heard the nonsense 

l'lords 'was approx1ma tel y 40 dB SPL (Re. 000002 dynes/ cm2 ) 0 

In the experimental cond1tion, the level of the contra­

lateral noise l'las 50 dB SPLo The onset and term1na-

tion of the noise wes s1multaneous (w1th1n 10 m1lli­

seconds) w1th the spoken durat10n of each nonsense wordo 

D1g1t Recognition Test o In this test, six or eight digits 

were presented two at a time (1n two d1fferent volces 

of sim1lar 1ntonation) to the sarne earo Therefore, 

each presentat10n consisted of three pairs of s1x di-

gits or four pairs of e1ght d1gits separated by 1nter­

vals of one secondo After each series of s1x or eight 

numbers (one trial), the subject reported all the num­

bers she heard in any order she des1red. Ten groups of 

six digits and five groups of e1ght digits were randomly 

de11vered to e1ther the left or right earo These com­

bined for a total possible score of 100 for each ear under 

the experimental and control conditionso Experimental 

and control treatments alternated every ten trials, 

w1th the experimental cond1tion preceding the control 

cond1tion 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. 000002 

dynes/cm2 ) 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 terminat10n 

of the noise l'las simul taneous (l'li thin 10 milliseconds) 
W' l'T H 

~ the onset and terminat10n of eaoh digit group. In 

this l'lay, noise oovered aIl the digits and also the 

intervals bett'1een digits for each ·trial. 

Digit Span Test. For this task the subject heard a 

series of digits (6 to 10) channeled to one ear or 

the other at the rate of one digit per second. At the 

completion of each series (one trial)~ the subject l'las 

required to repeat the digits in exsctly the sarne order 

that they l'lere heard (digit span). A total of 15 

trials l'lere conducted under each noise-ear treatment 

condi tion l'li th three observati.ons being made at each 

digit-span length (i.e.~ a six-digit number l'las pre­

sented three times, a seven-digit number three times, 

etc.). Digit series of varying lengths were randomized 

and randomly channeled to the right and le ft ears. 

Experimental and control treatments alternated every 15 

trials. The maximum score possible for each ear l'las 

120, this being 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 noise were 

the sarne as those described for the Digit Recognition 

test (approximately 55 dB SPL for digits and 65 dB SPL 

for nOise). In the experimental condition, noise began 

in one ear within 10 milliseconds of the delivery of 

the first digit in the series to the other ear and 

terminated with1n 10 milliseconds after the arrival of 

the last digit in the series. 

Upon completion of the Digit Span test, all subjeots 

l'lere presented wi th a brief fDshado't'Jing" test.. Series 

of digits (from 6 to 10) l'lere channeled to one ear (at 

approximately 55 dB SPL) with noise in the contralateral 

ear (65 dB SPI,) as above.. A total of six numbers l'Jere 

delivered to each ear, one number at each digit length .. 

In this situation, subjects were simply instructed to 

repeat each digit immediately after they heard it.. Digits 

were presented at the rate of one per second .. 

Data Treatment 

For the Plosive Discrimination test p recognition 

errors were tallied 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 l'las calcu­

lated.. In addition p for the Digit Span test 9 a score 
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whioh reflected memory span under each ear-noise con­

dition was computed. The score l'las the SUIn of the digit 

series which were reported in correct or nearly correct 

order. (If a sUbject made one omission error, one 

commission error or one serial-order error in a particular 

series, then one credit was subtracted from the total 

possible score for that series - e.g., if the series 

"5862719" was presented and the subject reported "5862_19" 

or n5862~19" or ",586,?g19", then a score of six, instead 

of sevenS! l'las assigned for that trial.) 

The data for each of the tests l'Jere subm1tted to a 

three-l'lay analys1s of variance (ear treatment X noise 

treatment X sUbjects) and, where appropriate, individual 

means across subjects 't'lere compared through the use of 

t tests for correlated sempleso 
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Hesults 

A three-way analys1s of variance of recognition 

error-scores for the plosive discrimination tasle (Table 1) 

ylelds a s1gnificant F ratio (F = 5.72, p ~.05) for the 

contralateral noise treatment; however, no other sources 

of variation approach significance. Table II presents 

the menn error-scores for the le ft and right ears under 

the control and experimental conditions. As evident from 

the table, the only significant difference between these 

means (t = 2.08 9 p ~.05) occurs for the right ear be~ 

tween the experimen't;al and control treatments (i.e. SI re­

cognition of stop consonants 1s poorer for the right 

eax w1th noise present in the contralateral ear than 

w1th noise absent). It should be noted that the saroe 

comparison of cell means for the left ear (t = 1.69, 

P ~.10) approaches an acceptable level of significanceo 

For the digit recognition task, an analysis of 

variance of the numbeI' of digits correctly reported 

Table III) reveals substantial variat10n across both 

the ear treatment (F ; 14.42, p(.OOl) and the noise 

treatment {F = 25.;1, p (.001)0 Furthermore, a sig­

nificant interaction effect between these two sources 

is apparent (F = 10.;2, p(.Ol)o An inspection of the mean 

number of digits correctly reported under the various treat­

ment conditions (Table IV) indicates no difference be-

tween ears when noise is absent 9 but a large difference 
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when noise is 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 me~~ 

number of digits reportod from the left ear with noise 

simultaneously presented to the right is significantly 

below all other treatment means. No difference is ob-

served between Mean scores for the right ear under the 

experimental and control conditions. 

Both sets of scores for the digit-span task were 

subjected to a three-way analysis of variance. Table V 

ind1cates the sources of variation for the number of 

d1g1ts accurately reported without respect to ordero 

From this e.nalys1s p 1t 1s evident that bo"th the ear 

and contrala.teral notse treatments produced s1gn1fi­

cant effects upon performanceo For the ear effect, the 

F value 1s 18.15 (p < 0001) and for the noise eff'ect i t 

is 71.88 (p < 0001) 0 A comparison of cell means across 

subjects (Table VI) once again reveals no d1fference be­

tween ears in the control condition (t = 1011, NB), but 

s1gnificantly superior report from the r1ght ear under 

the exper1mental condition (t = 4012\l p<\oOOl)o Both 

the left-ear and r1ght-ear scores with contralateral 

noise present were s1gnificantly Iower than those ob­

tained in the control situationo The t value for th(3 

left-ear comparison is 7.65 ( p <.001), and for the right­

ear comparison, 3059 ( p «0005)0 An analysis of va.riance 
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of the span scores (sum of digits series in correct se­

quence) in Tabla VII shows slgnificant variation for the 

ear (F =' 1.5 .. 08, p< .001) and noise (F -= 30.29, p<. .001) 

treatments 0 An interac'l:;1on between the ear and no1se 

treatments is also present (F = 7.11, p <. .0.5). The dlffer­

ences between mean span scores are displayed in Table Vlllo 

Essentially, these differences are in the SaIne relation 

as those observed for the simple d1git recognition soores 

already analysed for thls task.. There is no signif1cant 

difference between means for each ear in the control 

condition, whereas, in the experlmental condition, the 

left-ear span score is weIl below the right-ear score, 

Ct Q 4 .. 66, p<. 0001)0 It should be pointed out that the 

variance of the span scores is cons1derably greater than 

the var1ance of the digit recognition scores for this 

'test.. Finally, for the brief "shadowing U task whlch was 

appended to the digit span, test, aIl 24· subjects achieved 

perfect identification scores and most of them compla1ned 

mildly that the test was "too easy" .. 

The 1mportant ~spects of the analyses offered above 

are summarized in Figure II.. A right-ear advantage in 

the experlmental condition is present for the digit tests, 

but not for the Ploslve Discrimination test.. Lateral1ty 

effects l'lere not observed for any of the tasks in the 

control condition (noise absent in the contralateral ear)o 
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Disoussion 

It is olear from the present investigation, as weIl 

as from other researoh reviewed earlier, that some form 

of interaural rivalry is neoessary in order to demon­

strate an asymmetry in the auditory system. The prin­

oipal new finding of this study is the apparent effeotive­

ness of random noise as oompeting input in produoing a 

right-ear advantage for verbal material. For the two 

tests involving the peroeption and immediate reoall of 

digit series, a definite right-ear superiority was evi­

dent when narro"Vl-band noise was ohanneled to the ear 

oontralateral to the ear tested, while, oonsistent with 

previous work, no signifioant differenoes between right 

and left-ear soores were found for any of the experi­

mental tasks under monaural presentation oonditions. 

stimulus Faotors and Laterality Effeots 

On the basis of these findings what, then, oan be 

said about the nature of the stimulus parameters pre­

requisite for the observation of differential ear effeots 

in the peroeption and reoall of verbal material? One 

important faotor seems to be the oomplexity of the stim­

ulus utilized as Uoompeting inputU under oonditions of 

binaural rivalryc As noted earlier, oontralateral noise 

as oompeting input in the Plosive Disorimination test was 

not effeotive in produoing a right-ear effeoto On the 
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other hand, Shanlrwe11er and. studdert-Kennedy (1967) have 

shown a s1gn1f1oant r1ght-ear advantage in the reoogn1-

t10n of stop consonants embedded 1n consonant-vowel 

syllables wh10h were diohot1cally de11vered 1n single 

pa1rs. A compar1son of two other stud1es prov1des 

sorne further 1nformat10n about the relat1ve effect1ve­

ness of contralateral n01se as compet1ng 1nput 1n speech 

reoogn1tion. D1rks (1964) has reported d1st1nctly greater 

r1ght-ear eff1c1ency 1n the percept10n of d1chot1cally­

presented PB words, wh11e 110 ear d1fferences have been 

noted for the 1ntel11g1b111ty of PB words when n01se 1s 

uti11zed as the contralateral 1nput (\V'eston, M111er ll and 

H1rsh, 1965)0 Apparently, then, the observation of later­

a11ty effects for the perception of verbal st1muli be­

cornes more probable as the compet1ng input to the oppo­

s1te ear becomes more complex and more s1milar 1n quality 

to the relevant verbéü message a Evidenoe from reoent 

investigat10ns (Kimura, 1967; OXbury, Oxbury and Gar­

d1ner, 1967) in which it has been found that irrelevant 

verbal stimul1 del1vered to the side contralateral to 

the test ear were suff101ent for the appearanoe of a r1ght­

ear advantage strengthens this 1ntEll'pretat10no 

In the present 1'esea1'oh, another st1mulus factor 

related to thl3 emergence of a funotional asymmetry 1n the 

audi tory system is the nature of the verbal taslt presented 

to the subject o For the plosive task, subjects 1'1ere simply 

required to disoriminate betl'Jeen one of six speoified stop-
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consonant phonemes embedded in nonsense syllables, 

but, for the two digit tasks in which ear differences 

were noted, greater cognitive demands were made upon 

the listener. In the digit tasks, the subjeot was ob­

liged to recognize and recell (sometimes in correct order) 

several bits of information par trial. Furthermore, there 

is evidence to indicate that the requirement to recall 

a series of items may give rise to greater difficulties 

in the perception of the individual items in the series 

(Aaronson, 1967). In this connection, it has been demon­

strated that the requirement to recell a series of items 

increases the time needed for percep"tion (Aaronson, 1965; 
" . 

C. h 1 Sï 0 VIC. ~-\ 

~1, Alyahrinskii and Abu1 9yan, 1960). Thus, 

such conditions maIre veridical report more difficul t and, 

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 this argument, for, in the shadowing 

situation, the listener was required to repeat aloud 

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

11echanisms Underlying Binaural Rivalry 

A consistent finding for all the experimental tests 

l'Jas the loss of efficiency for both ears in the recog­

nition of verbal stimuli with contralateral noise presento 

One plausible explanatlon of this result ls suggested by 
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the fact that both eal'S are represented in each corti­

cal projeotion area and by the evidence that binaural 

interaotion taltes plaoe at eaoh level up through the 

medial geniculate body (Galambos, Rose, Bromeley, and 

Hughes, 1952; Rosenzweig and Wyers, 1952; Rosenzweig 

and Button, 1958). It is conceivab1e that at supposed 

points of overlap between the crossed and unorossed path­

ways and at sites in the auditory cortex, the narrow-band 

noise input may have partially "jammed U the relevant 

verbal signals. In this sense, it is possible that the 

presence of oontralateral noise tended to degrade or 

attenuate the verbal input and thereby increased the 

likelihood of recognition errors. 

At this point, it should be re-emphasized that, for 

the perception and recall of digit series, the inter­

fering affect of the noise input l'las sie;nificantly less 

marked when digits were presented to the right ear than 

to the left ear. The right-ear superiority for verbal 

material observed under dichotic listening conditions 

has been explained by Kimura (1967) in terms of the 

dominant l'ole taken by the 1eft hemisphere in language 

function as well as the greater efficiency of the neural 

connections whioh the 1eft hemisphere makes with the con­

tralatera1 ear than with the ipsilatera1 earo More 

specifically, Kimura suggests that through the processes 

of "afferent occlusion" and u centra1 competition", the 
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crossed input ls favored over the uncrossedo Thus, 

verbal stimuli arriving at the right ear would Ilmore 

effect1vely activate the trace sequences in the left 

cerebral hemisphere than those stimuli arriving at the 

1eft earo The finding that performance for the digit 

recognition and digit span tasks was significantly 

better when digits were delivered to the right and 

noise to the left ear than under the converse channeling 

conditions is consistent with Kimuraos 1nterpretationo 

Thus far, emphasis has been given to the percep­

tuaI processes presumably involved in the tasks under 

discussiono 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 weIl as perceptual errors induced by the 

presence of contralateral noise is necessaryo If the 

listener is to report digit series correctly, he must 

not only uhearu accurateIy, but must also. recall what 

he has heardo From the present analyses, it is not 

possible to weigh the relative contribution of percep­

tuaI confusions and short-term memorial or serial-order 

confusions; for there appears to be no adequate way of 

separating performance errors into discrete and meaning­

fuI categorieso 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 
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of digits reporoted in correct sequence, the pattern of 

results for both measures was the saroe, and it is most 

probable that both scores reflect the interpenetration 

of perceptual and short-term retention components. Con­

ceivably, the noise input may have generated random 

"neurological noise" (Conrad, 1964) which interfered 

with sequencing and sUbsequent reca11 of digit series 

in addition to the prior, increased perceptual stresses 

which it produced. 

An alternate, and perhaps more meaningful way of 

interpreting the effects of noise upon digit recogni­

tion and recall is suggested by a comparison of the 

digit span and digit shadowing 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 uhearu the ind1v1dually pre­

sented digits. On the other hand, with the same noise 

condi tions in effect, a marlœd decrement in performance 

was observed for the span test. It may be that the 

additional effort requ1red to recogn1ze the digits under 

conditions of degraded input decreased the "spare capa­

city" (Broadbent, 1958) available to perform further 

cognitive operations or, more simply, reduced the oppor-

tunit1es for rehearsalo 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 noise was significantly inferior 
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to recognition for words not so masked. Yet, whatever 

'the mechanisms involved, it appears most likely from 

the observations reported here that contralateral noise 

was disruptive during both the perceptual and recall 

stages of the digit tasks for wh1ch a r1ght-ear effect 

was obtalned. 
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Summary and Conolusions 

The purpose of the present researoh was to investi­

gate the stimulus oonditions neoessary for the obser­

vation of differential ear effeots in the peroeption 

and immediate reoall of verbal stimuli. Three auditory 

tests employing spoken material were administered,to 

normal, female subjeots. In one test (Plosive Disorim­

ination), subjeots were required to reoognize one of six 

stop oonsonants embedded in a two-syllable~ nonsense 

word. In another (Digit Reoognition), six or eight 

digits were presented two at onoe (in two different 

voioes of similar intonation) to the sarne ear, and 

subjeots 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 ohanneled to one ear or the other, and, et the 

end of eaoh series~ wes obliged to reoall the digits in 

oorreot sequenoe. In addition, e brief digit-shadowing 

task for whioh subjeots were requested to repeat eaoh 

digit as it was heard was appended to the span test. 

The tape-reoorded material for eaoh of the three tests 

was delivered monaurally to the right and left ears 

through stereophonio earphoneso In the experimental 

condition of eaoh task, narrow-band noise was simul­

taneously ohanneled to the ear opposite the one reoeiving 

the relevant verbal signal g whereas, in the oontrol 

oondition, noise was absent in the oontralateral ear o 
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Each subject l'las tested under aIl cond1t1ons, and, thus, 

subjects served as the1r own controls. 

Contralateral no1se as corupet1ng 1nput was found to 

impair averall performance on aIl three exper1mental 

tests, 1rrespect1ve of the ear to wh1ch st1mu11 were 

presented. For both d1g1t tasks, a s1gn1f1cant r1ght­

ear advantage was observed under the no1se cond1t1on, 

whereas, for the Plos1ve D1scr1m1nat1on test, no s1g­

nif1cant ear d1fferenoe l'las obtained. D1fferent1al 

ear effects were not present for any of the tests 1n 

the control cond1t1on and performance on the shadow1ng 

task l'Jas errorless for aIl sUbjects. W1 th respect to 

these results it 1s concluded that some m1n1mal form of 

b1naural competition 1s requlred 1n order to detect a 

stable right-ear effect for the report of verbal mater1al. 

It is suggested that the obsel~at1on of a r1ght-ear 

advantage becomes more probable as the competing 

1nput becomes more complex and homologous to the rele­

vant verbal message. On the basis of electrophyslo1og1cal 

and cl1.nical eVldenc.e, i t ls proposed Cafter K1mura, 1967) 

that contralateral no1se as compet1ng 1nput acted to 

degrade the verbal 1nput through the mechanlsms of afferent 

and cort1cal occluslon~ and that, as a result of the 

greater effic1ency of the crossed auditory connect1ons, 

thls effect became maximal when noise was delivered to 

the ear oppos1te the dominant hemisphere for speech. 

P . .lthough the observ"ed laterality effect for the d1g1t 
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tests oan be most p1auslb1y lnterpreted ln terms of 

peroeptua1 rlva1ry in the audltory system, it ls 

further suggested that the lnterferlng effeots of the 

noise input were a1so operatlve during the reoa11 

stages of these taskso 
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TABLE l 

Analysis of Variance for P10sive 

Discrimination Test Data 

SUM OF VARIANCE 
SOURCE SQUARES df ESTIMATE -
Ear Effect (E) '11.34 1 Il.34 

Noise Effect (N) 31.51 1 31.51 

Subjects (S) 1841.16 23 80.05 

Interaction: ExS 106.91 23 4.65 

Interaction: NxS 126.74 23 5.51 

Interaction: ExN 0.01 ~1 0.01 

Interaction: ExNxS 82.24 23 3.57 

Total 2J~99091 95 

;': P( .05 

F VALUE 

2.44 

5. 72~~ 

1030 

1.54 

0.003 
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TABLE II 

Plosive Discrimination Test: Mean Number of 

Recognition Errors for the Perception of Stop 

Consonants under Various Treatment Conditions 

Control 
Condition 

NOISE 
T"R'ËArl~E N T 

Experimental 
Condition 

EAR TREATMENT 

Mean Errors 
for 

Left Ear 

Mean Errors 
for 

Right Ear 

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

Anallsis of Variance for Digit 

Recognition Test Data 

SOURCE 

Ear Effect (E) 

Noise Effect 

Subjects (S) 

Interaction: 

Interaction: 

Interaction: 

Interaction: 

,', P< .01 
"ld: P< .001 

(N) 

ExS 

NxS 

ExN 

ExNxS 

Total 

SUM OF 
SQUARES 

84.38 

121.51 

4573.33 

134.63 

110.50 

51.08 

113.90 

5189.33 

VARIANCE 
df ESTIMATE 

1 84.38 

1 121.51 

23 198.84 

23 5.85 

23 4.80 

1 51.08 

23 4.95 

95 

F VALUE 

14.42"°" 

25.31'':;'' 

1.18 

0.97 

10.32'" 
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TABLE IV 

Pigit Recognition Test: Mean Number of 

Digits Cor~tly Rep\rted under Various 

Treatment Conditions (N=24) 

Control 
Condition 

NOISE 
fr'REA'î'FfËN T -

Experimental 
Condition 

Mean Score 
for 

Left Ear 

80.08 
(SD=7.43) 

EAR TREATMENT 

t=.67 
NS 

Mean Score 
for 

Right Ear 

80.50 
(SD=7.51) 

t=6.55 t=1.13 
P <. 0011====*=====1 ,NS 

76.38 
(SD=7.60) t=4.64 

P <.001 

79.71 
(SD=6.71) 

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



(8 
~, 

) 

39 

TABLE V 

Ana1xsis of Variance for Digit 

Span Test Data 

SOURCE 

Ear Effect (E) 

Noise Effect (N) 

Subjects (S) 

Interaction 

Interaction 

Interaction 

Interaction 

~'; p < .01 

;'0'; P (.001 

ExS 

NxS 

ExN 

ExNxS 

Total 

SUM OF 
sqUARES 

121.50 

442.04 

2783.00 

154.00 

141.46 

70.04 

166.46 

3878.50 

VARIANCE 
df ESTIMATE 

1 121.50 

1 442:;.04 

23 121.00 

23 6.70 

23 6.15 

1 70.04 

23 7.24 

95 

F VALUE 

18. 15;'n'; 

71. 88 1n': 

.92 

.85 

9.67;': 
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'l'ABLE VI 

Digit Span Test: Mean Number of Digits 

Correctly Reported under Various Treatment 

Conditions (N=24) 

Control 
Condition 

NOISE 
TR1.7\TMENT 

Experimental 
Condition 

EAR TREATMENT 

Mean Score 
for 

Left Ear 

107.50 
(SD=5 0 SS) 

t=l.ll 
NS 

Mean Score 
for 

Right Ear 

10S.04 
(SD=5.70) 

1" 

t=7.65 
P <. 001 

t=3.59 
1====:tF=====J P <.005 

J.,01.50 
(SD=6.20) 

...::.----U-'-t> 

t=4.12 
P <.001 

105 0 45 
(SD=5.94) 

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

Analysis of Variance For Digit 

§pan Test Data (Digit Series 

Reported in Correct Sequence) 

SUM OF VARIANCE 
.§.QUARES df ESTlMATE 

Ear Effect (E) 590.04 1 590.04 

Noise Effect (N) 1600.67 1 1600.67 

Subjects (S) 30,812.83 23 1339.69 

Interaction: ExS 899.96 23 39.13 

Interaction: NxS 1215.33 23 52.84 

Interaction: ExN,~·: 376.04 1 376.04 

Interaction: ExNxS 1216.96 23 52.91 

Total 36,711.83 95 

1: P(.05 

;':;'; p < .001 

F VALUE 

15.08;'n': 

30.29;':~': 

.74 

1.00 

7 811~': 
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TABLE VIII 

~~t Span Test: Mean Number of Digits 

Reported in Correct Sequence under Various 

Treatment Conditions (N=24) 

Control 
Condition 

NOISE 
TREAT"MENT 

Experimental 
Condition 

EAR TREATMENT 

Mean Score 
for 

Left Ear 

49.79 
(SD=20.21) 

J.. 

t=5.99 
p<.OOl 

'V '{/ 

37.67 
(SD=19.97) 

t=.50 
NS 

Mean Score 
for 

Right Ear 

50.79 
(SD=18.24) 

t=1.94 
p (..05 

-t=4.66 46.58 
p <. .001 (SD=18.57) 

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

General Experimental Design: Intra-Individual 

An~ysis of Differences in Task Performance 

aCrOSS Treatment Conditions 

EAR TREATMENT 
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to 
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Performance Score 
for 
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Noise Absent ln 

Contralateral Ear 

Performance Score 
for 
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to 

Right Ear 

Performance Score 
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Right Ear 

Noise Absent in 

Contralateral Ear 

Performance Score 
for 

Right Ear 

Experimental 
Condition 

>6ontralateral Contralateral 

Noise Present Noise Present 
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tIGURE II ~- ----~-

Comparisons of the Eercentages of Correct Responses 
from the Left and Right Ears under Experimental (E) 
and Control (C) Conditions on Three Monaural Tasks. 
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