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Abstract 

Right ear superiority in the identification 

and recall of dichotically presented verbal s ounds 

has been frequently demonstrated in right handed 

persons . This finding has been attributed to left 

cerebral hemisphere dominance for speech and the 

assumption that the crossed auditory neural paths 

are stronger than the ipsilateral ones. An analogous 

model has been proposed for nonverbal sounds . This 

model suggests that the left ear, and by implication 

the right cerebral hemisphere , shows a significant 

superiority in nonverbal auditory perception . The 

literature suggests that this conceptualization is 

too broad since some nonverbal sounds fail to show 

the expected ear difference . 

The left ear superiority has been shown most 

clearly when music was used as a stimulus . The 

intent of the present study was to replicate this 

finding using different experimental methods than 

have been used previously, to investigate the effect 

of varying leng th of the interstimulus interval , 

and to attempt to isolate those aspects of music 

which may be critical in demonstrating a right 

hemisphere functi onal superiority . 



Four types of stimuli were examined: music , 

rhythm, timbre, and pitch patterns. The latter three 

stimuli we re selected to represent component parts of 

music. The experimental stimuli were presented one 

pair at a time . Each dichotic pair was followed by 

a sing le identification foil which was either a new 

sound or one of the member s of the experimenta l pair . 

The subjects ( S ) identified the f o il by responding 

yes or no. 

Ss were right h anded y oung a dults of both sexes 

who had shown a right ear su periority on a verbal 

dichotic listening test . Sixty-four ~s were assigned 

to one of t wo experimental g roups . Group one had a 

five second interstimulus interval (I3I) separating 

the dichotic pair from the recognition sound; for 

g roup two t h is interval was twelve seconds. Two 

dependent variables were examined: number of correct 

respons e s and re s ponse time . 

A left ear superiority in identifying musical 

stimuli was f ound for the experimental g roup with 

sh ort I SI but not for the g roup with long I SI . No 

significant e ar difference was demonstrated for the 

o the r t h ree stimulus conditions (rhy thm, timbre, and 

pitch ) in either time g roup. There was a significant 

ove rall tendenc y f or Ss to make correct responses 



more rapidly to stimuli presented to the left ear as 

compared to the right ear . However , this difference 

was not statistically significant within any one 

stimulus condition. Overall performance, i.e., the 

number of correct identifications, was affected by 

type of stimulus and length of I SI. Recognition time 

was significantly affected by the type of stimulus, 

length of I SI, and sex of S . 

These results are interpreted in terms of left 

ear superiority for nonverbal stimuli under immediate 

memory conditions. Left ear superiority for nonverbal 

sounds apparentl y is subject to rapid decay since it 

can not be demonstrated under delayed recognition 

conditions. As predicted, an overall effect of left 

ear superiority was found for both the number of 

correct responses as well as response time. 

Supplementary analyses of the performance of 

Ss over time suggest that the phenomenon of left 

ear dominance is affected by decreasing a ttention . 
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Chapter I 

Introduction 

The modern history of hemispher ic l ocalization 
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of brain function dates back to Broca's report of the 

association of aphasia with disease of the left 

cerebral hemisphere (Joynt , 19 64) . Broca's assertion 

that people "speak with their left hemispheres" has 

been widely accepted . The notion of a dominant 

hemisphere for speech was extended to include other 

language functions , such as reading a nd writ ing . The 

left hemisphere has also been shown to be "dominant" 

in the mediation of certain behaviors which are not 

verbally a rticulated , e . g ., body orientation . 

The right cerebral hemisphere , for many ye a rs 

considered a "minor hemisphere" , has recently been 

the subject of considerable s tudy. Patients wi th 

right hemisphere lesions have been found to be more 

severely impaired in certa in perceptual and motor 

abilities than pat i ents with left hemisphere damage . 

Areas of p sychological performance related to righ t 

hemisphere function a re: i mpairment of spatial percep­

tion a nd memory , impairment in visuoconstructive 

activities, defects in visu a l perception and memory 

for nonverba l ma t e rials, motor impers i stence , and 

impairment in c e rta in aspects of au d itory perception 



and memory (Benton , 1965) . 

Specific defects in a udi t ory perception have 

been demonstrated in patients with unilateral temporal 

lobe lesions on both sides (Milner , 19 62) . Damage to 

the left tempora l lobe tend s to i mpair perception and 

memory for speech . Right temporal lobe damage appears 

to impair memory and perception for certain nonverbal 

but meaningful sounds , such as tonal patterns a nd 

sounds associated with common objects . 

The neural pathways from ear to brain a re such 

that b oth ears have neural connections with the 
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primary auditory receiving areas in both the right and 

l e ft temporal lobe (Appendices C and D) . This bilateral 

innervation has made it difficult to study cerebral 

loc alization of auditory function in normal subjects 

since auditory stimuli are received at both hemispheres . 

The problem has been approached by using the technique 

of double simultaneous stimulation . 

The use of double simultaneous stimulation date s 

back to anima l work done by Loeb (1884) . Recent interest 

in thi s technique a s a clinical and experimental 

method ha s been generated by the work of Bender (1952) . 

In the usual application of the double stimulation 

paradigm , the subj ect ( S ) is stimulated at different 

points on the body surface (Bird , 1964 ) or in different 



visua l field s (Teuber et a l ., 1960) . The task of 

the S is to ind icate where or how many st i mulation s 

we re made . Clinically , b rain lesions are presumed 

to raise thresholds and suppress recognition of the 

stimulus in the affected area . 

Rec e ntly, intere st in the use of a uditory 
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doub l e (dichotic1 ) st i mula t i on for the inve s tigation 

of perceptual process ing , verbal learning and cerebra l 

dominance has been g rowing ( Broadbent , 1954; Borkowski 

et a l ., 1965 ; Kimura , 19 61a, 1961b ). 

1Dichotic sti mulation: different stimul i are 
presenteo t o each ear . Diotic stimul ation: i dentical 
stimuli a r e presented to each ear . Monotic stimulation: 
s timulation of one ear onl y . Binaura l st imulation: the 
same stimulus i s r e c e ived at both ears but di f fe r s in 
phase and amp litude (Licklider , 1951) . 



Chapter II 

Review of the Literatu re 

I . Dichotic Listeninq (DLS ) 

DL S is similar to other double simultaneous 

stimulation techniques in that the stimuli are 

presented well above threshold . The~ is required 
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to recall or correctly identify the stimuli used . 

Typically , the sounds used as stimuli carry information 

beyond that conveyed by simple frequency discrimination . 

Some of the sounds which have been used in this context 

are spoken digits (Broadbent , 1954) , words (Borkowski 

et al ., 1965) , nonsense syllables ( Shankweiler , 1967) , 

music (Kimura , 1964) , a nd sonar signals (Chaney , 1966) . 

Current research using DLS was stimulated by 

Broadbent ' s (1954) investigations into the recall of 

transmitted information in the presence of irrelevent 

noise . Broadbent presented pairs of spoken digits 

simultaneously , a different digit to each ear. After 

this presentation the S was asked to recall the digits. 

He found that when three pairs of d i gits were presented 

at the rate of two pairs per second the typical 

f ind ing was that the S wou ld report all of the digits 

presented to one ear before reporting those pre sented 

to the other . If , for example, the pairs were 3- 5 , 

9 - 6 , 2-7 , the ear order of recall (EOR) would be 
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392567 . Only rarely did his ~s use the temporal order 

of recall (TOR) , e. g ., 359627. Broadbent (1958) 

interpreted this finding to be a result of the S 's 

inability to switch attention between channels 

rapidly enough to process all of the incoming infor­

mat ion under overload conditions. He felt that for 

this reason S attended to one input channel at a 

time, the excess input be ing stored in a temporary 

storage mechanism which is characterized by rapid 

decay of memory traces. The g reatest deficit in 

performance occurred in the second half of the recall 

span (Inglis & Tansey, 1967; Inglis & Ankus, 1965; 

Ing lis, 1965), i.e., the most memory dependent 

portion of the stimulus. 

Sa tz et al. (19 65) investigated the effect of 

delayed recall of dichotically presented digits under 

c onditions of free choice and instructed order of 

report. Under the free choice condition 2s showed 

EOR 76 . 42 percent of the time. The left channel was 

the delayed channel 48 percent of the time and the 

righ t channel was the delayed channel 52 percent of 

the time . Disregarding ear order of re port, ~s made 

fewer errors on stimuli presented to the right ear 

than to the l e ft (p(.01). 

The error scores for the delayed half spans were 

calculated as a proportion of the total possible 



number of errors . This analysis showed a moderate 

but nonsignificant right ear superiority (p( . 20) . 

Satz et al . noted that the high level of efficiency 

of this task (92 percent total recall ) and the lac k 
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of systematic control of channels of storage ( i . e ., 

delayed channel) may have obscured a real difference . 

In a second experiment reported in the same paper 

Ss were instructed as to the ear that they should 

report first. Under this instruction EOR occurred 

61 . 69 perce nt of the time . The criterion for occurrence 

of EOR was that all digits from one channel be reported 

correctly before any were reported from the other 

channel . In this experiment ear differences for 

immediate recall were not significant (p> . 20) . 

However , the right ear superiority in the delayed 

reca ll was very significant (p( . 01 ). In the case of 

EOR the greatest number of errors oc curs in the ear 

recalled last , and more errors are made when this is 

the left ear than when it is the right one . 

Subsequent research investiga ted various stimulus 

parameters including words as well as digits . The 

general findings are in agreement with other inve s ti­

gations of short term memory and,erbal learning in 

that such factors as meaningfulness (e . g ., the numbe r 

of free associations given to a word in a given period 
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of time) a nd frequency of English usuage (determined 

by the Thorndike-Lorge (19 44 ) word count; the Howes 

(196 6) count, etc . ) affect the accuracy of recall . 

Single d i g its, as compared to words , have a higher 

recall rate in the DLS s ituation ( typically 90 percent 

or more) presumab ly because of their high degree of 

familiarity and the high probability of guessing the 

correct answer . The EOR was found to be affected by 

speed of presentation of pairs : slower rates tended 

to dilute the EOR making it easier for the Ss to 

report the d igits in the actual temporal orde r of 

presentation. This is probably due to the v e rbal 

rehearsal possible during longe r presentation intervals 

( Bryden, 19 62) . 

II . Perceptual Asymmetry for Verbal Stimuli 

Testing patients under treatment for temporal 

lobe epilepsy , Kimura (1961a, 19 61b) made use of DLS 

for the localization of sensory a nd perceptual 

processes in the brain . She noted that patients who 

had epileptogenic foci in the left temporal lobe showed 

impai rment in the perception of spoken digits presented 

to either ear when c ompared wi th control Ss with 

lesions in the right temporal or frontal lobes of the 

brain . Kimura notes further that unilateral temporal 

lobectomy on either side impaired patients ' recognition 

of the materia l arriving a t the ear contralateral to 
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the site of removal . Her interpretation was that the 

temporal lobes are involved in the elaboration of 

activity at the auditory receiving area of the same 

side and that the left tempora l lobe is particularly 

important in the perception of verbal material in the 

auditory modality (Kimura , 1961a) . Kimura cites 

electrophysiolog ical evidence from animal research 

(Rosenzweig, 1951; Tunturi , 1946) which indicates 

that the contralateral connections between the ear 

and the primary auditory receiving areas are stronger 

than the ipsilateral connections . 

Kimura concluded fr om t h is evidence that in the 

dichotic listening situation a strong contralateral 

signal would be c ompeting with a weaker ipsilateral 

signal in the auditory cortex of one of the hemispheres . 

Presumably a stronger stimulus would be more easily 

perceived and hence more accurately recalled . Since 

in t he large majority of ~s language is presumably a 

process of the l e ft hemisphere this perceptual 

a symmetry should favor verbal material present ed to 

the right ear (arriving as a stronger signal in the 

left hemisphere ) over v e rbal stimuli heard in the 

left ear (arriving as a weaker stimulus at the left, 

ipsilateral hemisphere). For pe rs ons with reversed 

(righ t) hemisphere dominance for speech, verbal 

signals presented to the left ear should be more 



accura tely pe rceived than competing signals at the 

right ear . 
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With this hypothesis , Kimura ( 19 61b ) administere d 

the Broadbent test to 12 0 Ss with either left or 

right hemisphere dominance for speech . These ~s , 

pati ents with epileptogenic b r ain l es i ons , were 

s chedu l ed for surg ical r emova l of the affe c ted area . 

Speech dominance was determined by the intr aca rotid 

injection of sodium amytal (Wada & Rassmussen , 1960 ). 

As pred icted , the re s ul ts fo r the l eft hemisphere 

domi na nt g roup s howed superior r ecognition of digits 

presented to the right ear , a nd the g r oup representing 

right hemi sphere dominance showed superiority for 

digits presented to the left ear . However , righ t 

hemisphere dominance for speec h i s fair ly r are . Only 

13 patient s showed this trait and nine of these had 

extens ive l esions in the l eft hemisphere . Kimura 

notes t hat this may hav e been an infl uence in the 

development of right hemisphere dominance since t h e 

i nc i dence of long standing left hemisphere damag e in 

patients with l eft hemi spher e spe e c h dominance is low. 

In these nine cases the right hemisphere i s both the 

dominant hemisph e re and the intact one . It could be 

argued tha t the left ear superiority for t hese patients 

could be due t o either of these factors . Kimura 



maintains that right hemisphere dominance is not the 

result of the lesion because all of the four Ss 
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without left h emisphe re damage and with right hemisphere 

dominance had a superiority for items presented to 

the left ear . Two of these patients had lesions of 

the right (dominant) hemi sphere . As a special 

analysis of this problem , Kimura selected seven left 

hemisphere dominant ~sand seven right hemisphere 

dominant ~s , all with severe left hemisphere damage . 

Comparing thes e two groups she found that all ~s 

s h owed preference for the ear c ontralateral to the 

dominant hemisphere for speech . These findings tend 

to confirm the importance of the speech dominant 

hemisphere in the perception of spoken digits . 

However, the small number of subjects and the lack 

of a n adequa t ely c onstituted control for size and 

site of left hemisphere lesion make this position 

less c ompelling than it could be in regard to righ t 

hemisphe re speech dominance . A definitive demon ­

stration of reversed EOR with ~shaving right hemi­

s phe re speech d ominance as c ompared to ~s with left 

hemisphere dominance remains to be d one . 

The finding of right ear dominance in the 

perception of spoken material has been extended to 

include normal adults (Kimura , 1964 ) , children of 



b oth sexes as young as age five ( Kimura , 1963), and 

a dults as old as 70 ye a rs ( Ingl i s & Caird , 1963) . 
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I t has further been demonstr a ted to be present in 

mental reta rdates ( Jones & Spreen , 1967) and to occur 

with words ( Bor kowski et al ., 1965) , consonant vowe l 

nonsense syllables ( Shankwei l er , 1967) , and spoken 

digits ( Satz, 1965). In these studies left hemisphe re 

dominance for speech was assumed on the b asis of 

right handedness ( Goodg lass & Quadfasel , 1954) . ~s 

with mixed handedness or left handedness were excluded 

or anal y zed separately .. 

Since t he right ear superiority in ~s with 

p r esumed l eft hemisphere d ominance has been replicated 

by a l arge number o f investigators , one may h ave 

c onsiderable confidence that the righ t ear superiority 

wil l occur in relatively unselec ted po pulations with 

presumed l eft hemisphere speech dominance . 

III . Perceptual Asymmetry for Nonverbal Stimuli 

Milner (1 962 ), investigating the effects of 

temporal lobectomy , noted that patients with righ t 

tempora l lob e removal showed a se lective impairment 

when tested with parts of the Seashore Test of 

Mus ical Abili ty ( Seashore , Lewis & Saetveit, 1939). 

These subtests of the Seashore batte r y are tonal 

memory, t i mbre , l oudness , pi tch , time , and rhythm. 
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The right temporal lob e patients showed a mean 

performance one standard deviation ( SD) or more below 

that of normal ~son e very test but pitch. The right 

temporal lobe group performance was below that of the 

left temporal lob e g roup on all of the Seashore te sts . 

The differences were mo s t mar ced in the tona l me mory 

a nd timbre subtests . The samples in this g roup we re 

rather sma ll ( N=l6 right , N=22 left) and SD s were 

based on Seas h ore's orig inal norms for 4 , 000 healthy 

adults rather than on a ma tched control g roup of 

b rain damag ed patients . Milner notes also that the 

method of administration f or the experimental g roup 

a nd for Seashore's normal Ss was not d irec t ly 

c omparable. 

Since both the tonal memory a nd the timbre 

subtest of the Seashore Te st require retention of a 

stimulus and the comparison with a recognition foil , . 

i mpairment on these sub tests may b e d ue to either 

impairment o f memory or perception. Milner's patients 

we r e st i mul a t ed b inaurall y and t hus received both 

ipsilatera l a nd contralateral input to the intact 

left temporal lobe . The finding of a n impairment of 

performance on t onal memory and timbre subtests in 

patients with right temporal lobectomy i mplies that 

an i mporta nt step in the perception or recall of 



musical components , such as timbre and t onal pattern , 

depends o n fibers wh ich pass through the right 

temporal lobe . It follows that musical sounds 

presented in this fashion could be expected to show 

the s a me selective deficit in patients with right 

tempora l lobectomy . 

To test this hypothesis , Milner , Kimura and 

Taylor ( 1965 ) examined g roups of ~s who had under­

gone right or left tempora l lobectomy and a norma l 

control group on their ability to identify three 

second excerpts from a r e cording of bird songs . 

Both temporal lobectomy groups were inferior to the 

normals . Unexpectedly , however , the righ t and left 

lobectomy g roups did not differ from each othe r . 

Shankweil e r ( 1966a) c ompared right and left 

temporal lobectomy groups in their ability to name , 

and to reproduce by humming , selections of well 

13 

known musical show tunes and mus ical nursery rhymes . 

Becau se of the we ll estab li shed association of verbal 

defect wi th left temporal lesions it wa s hypothesized 

that the left temporal group wou ld be i mpa ired in the 

naming bu t not in the reproducing of melod ies . It 

was predicted that the right temporal lobe grou p 

would be impaired with reg ard t o song reproduction 

but not in the naming of tunes . As pr ed icted , the 
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right temporal group was inferior to the left temporal 

group in the reproducti on of tunes . However, as in 

Milner's study with bird songs, the l eft temporal 

group 's performance was also significantly impaired 

when compared with the normal c ontrol group. The 

left temporal group performed similarly to the normal 

group in that both re produced significantly more 

tunes than they c ould name . For the right temporal 

group this difference between reproduction and naming 

was not significant . 

In these studies the left temporal lobe gr oups 

failed to show the expected deficit in naming and 

instead showed a significant impairment in reproduction 

or recognition, although this deficit was not as 

seve re as that in the right temporal lobe group . In 

both of these studies the defective performance of 

the right temporal lobe group was predicted , but the 

deficit of the left tempora l lob e g roup remains to be 

explained if the assumption of a functional specificity 

of the right temporal lobe is to be maintained. 

In the absence of significant differences in the 

hypothesized direction , a conserva tive explanation 

would be that a functional loss is associated with 

damage t o eith er t empora l lobe . In Milner ' s study 

a c omparison group of patients with fr ontal lobe 



lesions (sparing Broca's area) showed no difference 

from normal Ss . This indicates that the deficit is 
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not a general concomitant of brain damage . Shankweiler ' s 

study l acked this b r ain damage control group and one 

could argue that the defect in reproduction is a 

result of b rain damage in general rather than be ing 

specific to the tempora l lobes . 

Milner suggests that " ... the multidimensional 

nature of the st i muli used (provid ing man y possible 

cues for recognition other than melod ic pattern) 

mi litated a gainst our obtaining either a left right 

difference or a severe defect" (1 965 , p . 5 ). 

Sh ankweiler argues that the defect of the left 

temporal g roup in the reproduction of familiar tunes 

may be due to the f act that in the learning of 

familiar tunes the melodic line is closely cued to 

the lyric s . The verbal defect associated with left 

temporal lobe l esions , then , leads to a loss of 

memory , a nd hence , defect ive reproduction . 

Kimura ( 1964) refers to an unpublished study in 

which the timbre subtest of the Seashore t es t was 

presented monotically to a group of normal ~s , one 

ear at a time, on two separate occasions . No ear 

differences were found with th i s procedure . Milner's 

(1 962 ) report that ~s with right temporal lobectomies 



show selective impairment on the timbre a nd tonal 

memory subtests of the Seashore battery has been 

noted . 

Right ear s uperiority in the recognition of 

verbal stimuli occurs only in the DLS situation 

(Calearo & Antonelli , 1963 ; Dirks , 1964) where there 

i s a strong stimu l us competition . Analogously , it 

may be argued that if ri ght hemisphere specificity 

for the recogniti on and recall of nonverbal sounds 

is present in normal ~s , it would appear as a left 

ear dominance only in the DLS s i tuation . Howeve r, 
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Bakker (196 7, 1968 ) indicates that for some sounds 

compet i tion between ears i s not a necessary condition~ 

Using ~s six to thirteen years of age , he presented 

di gits a nd "morse code l i ke" sound patte rns monotica l l y . 

No significant difference between ears was found in 

the reproduction of digits . Howeve r , a signifi cant 

left ear dominance was presen t in the reproduction 

of sound patterns . 

Simon ( 1967 ) tested ~sin a simple auditory 

rea ction time task . Ss were stimulated at right , 

left , or both ears simultaneously . When Ss did not 

know which ear would be st i mul ated t hey responded 

faster to right ear stimulation that to l eft . Under 

this cond ition of unce rtainty b inaural stimulation 
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led to the most rapid response . When Ss knew to 

which ear the signal would be presented, no differences 

among the three stimulus conditions were noted . Simon 

interpreted his results to mean that ear preference 

can be demonstrated with nonmeaningful stimuli in the 

absence of compet ition and that the observed differ ­

ence may b e due to a S 's expectations or set reg arding 

ear of stimul a ti on . 

Kimura (1964) presented excerpts of commercially 

recorded music as d ichotic stimuli. She used four 

second excerpts of solo passages drawn from the works 

of several composers of t he Baroque period . The 

instruments used were primarily strings and woodwinds . 

She states that the major clue was melodic pattern . 

Twenty n or ma l fe male subjects were g iven the Broadbent 

test prior to administration of the melodies test. 

These Ss showed the typical righ t ear superiority in 

the recognition of dig its while the reverse wa s found 

on the melodies test , i . e . , musical pa ssage s presented 

to the left ear were i dentified with significantly 

greater accu r a cy than were t hose presented to the right 

ear . This asymmetry supports the contention that the 

right temporal lobe plays a specific and dominant role 

in the perception and elaborat ion of certain kinds of 

nonverbal auditory stimuli . 
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Kimura (1 961a , 1961b , 1964) interpretes her 

findings in regard to ea r asymmetry in DLS to indicate 

that: ( a ) the contralateral pathways fr om each ear 

to the primary auditory receiving a rea i n the opposi te 

temporal lobe are stronger than the uncrossed pa thways , 

and (b) the brain functions asymmetrically in the 

processing of verba l and nonverbal auditory stimuli. 

Verba l perception is mediated pr i marily by the spe ech 

dominan t l eft hemisphe re whi l e some k inds of nonverbal 

stimuli , especial l y music, are mediated primarily by 

the right hemisphere . 

Shankwei ler (1 966b ) used Kimura's t echnique a nd 

test mater ial s to presen t the me l odies to 45 pat i ents 

with epileptogenic foci befor e a nd following tempora l 

lobectomy . Despite the presence of epileptogenic foci 

in the tempora l lobes the right and left tempora l lobe 

groups did not diffe r significant l y in the accuracy of 

me l ody r e cogni t i on dur ing preoperative te s ting . 

Remov al of the left tempora l lobe made no difference 

on the ove rall score on the melodies test . However , 

as predicted , the group with right temporal lobe 

r emoval showed significa n t postoperative impairme nt 

on this test . Like Kimura's normal ~s , the l eft 

temporal lobe g roup wa s ·superior in the recognition 

of me lodies prese nted to the lef t ear . 
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Chaney (1966) reported the effects of listener 

experience in the identification of certain kinds of 

multidimensional sounds . He noted as an incidental 

finding that both trained a nd untrained Ss showed a 

right ear superiority for perception of speech sounds 

and a left ear superiority for the perception of 

sonar sounds . Wh ile this was not a planned comparison 

the difference is in the direction hypothesized by 

Kimura's conception of nonverbal perceptual asymmetry . 

Spreen et al . (1965) have reported a case of a 

man with a verified lesion impinging on the temporal ­

parietal - frontal area of the right cerebral hemisphere 

who showed an auditory agnosia in the absence of 

aphasia . The auditory agnosia was demonstrated by 

means of a sound recognition test (Spreen & Benton , 

19 63 ) in which auditory stimuli are common sounds 

taken from commercial sound effects recordings . The 

association of this type of agnosia with a lesion of 

the right hemisphere in a man with no loss of speech 

abilities suggests t ha t common nonverbal sounds may 

be another type of auditory stimulation that is also 

perceived primarily by the right hemisphe re. 

IV. Summary 

In normal h u man s each e ar is represented by 

neural connections t o both cerebral he mi sph e r es . 
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There is no d ifference between ear s in the effic iency 

\vith wh i ch single words are perceived . However , when 

there is perceptual competition between ears , as in 

the dichotic listening situation , ~s typically are 

more effective in recalling those words presented to 

the right ear . This phenomenon has been noted wi t h 

both right and left handed samples but the d i fference 

is both greate r and more reliable with right handed ~s . 

Studies performed on ~s who have had their speech 

dominant hemisphere dete rmined by intracarotid 

inj e c t ion of sodium amyatal indica te that s uperior 

recognition is obtained at the e a r contr a l ateral to 

the speech dominant hemisphere , i . e ., the left cerebral 

hemi sphere in almost a ll right handed persons and in a 

ma jority of left handed persons as well . 

There is evidence that lesions of the right 

cerebral hemisphere may impair the perce ption of 

meaningful so unds associated with commonly occuring 

obj ects and e vents ( Spreen et al ., 1965 ). Excision of 

the right temporal lobe impairs rec a ll and identification 

of tonal pa tterns and t i mbre , and to a lesser degree , 

other components of music . Excision of either right 

or left t emporal lobe reduces t h e ability to recognize 

( Milner et a l ., 1965) a nd reproduce ( Shankweil e r , 

19 66b ) some kinds of me lod ies . 



In normal 1s , the left ear and, by implication , 

the right cerebral hemisphere shows a superiority 
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in the recognition of dichotically presented classical 

music (Kimura , 1964, 1967) . Left ear dominance has 

also been shown in the recognition of sonar signals 

( Chaney , 1966) . Bakker (1967) has presented evidence 

that monotically presented code patterns are reproduced 

better when heard at the right ear than at the left 

ear . 

This evidence suggests that there is a right 

hemisphere functional specificity in the perception 

of several kinds of meaningful nonverbal sound . 
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Chapter III 

Present Investig a t ion: Pilot Stu dy 

I . Introduction 

Kimura ( 19 64 ) has propo s e d that the right ear 

dominance for verbal stimuli a nd the left ear dominance 

for mu s ic repre s ent an asymmetry of function between 

the two hemisphe res , and that n ••• t he d ifferentiation 

a ppears to b e along the verbal - nonverbal d imension , 

a nd among nonverba l s ound s music may be especially 

effective in eliciting a left e a r eff ect" (p . 357) . 

Ear d ifferences in intensity threshold for a wide 

range of pure t ones are typically absent in fs 

following either right or left tempora l lobectomy 

(Sha nkweiler , 1966; J e rger , 1960 ). This rules out 

the pos sibility _of ear preference due to selective 

frequency discrimi na tion associated wi th one temporal 

lob e . 

If the asymmetry of auditory function does lie 

on a verbal - nonverbal dimension but does not include 

t h e discrimination of pure tones it is reasonable to 

as s ume t ha t the d ifference lies in the perc eption of 

more complex , i . e ., more mea~ingful , sounds . The 

demonstration of a s pecific defect in the identifica ­

tion of common "social s ounds" in a pa tient with a 

right hemis phere lesion ( Speen , Benton & Fincham , 
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1965) suggests that the i dentificat i on of this type of 

meaningfu l but nonverbal sound may a l so , like mus ic, 

b e mediated pr i mar ily by the right c e rebra l hemisphere . 

If th i s is the case the compe tition crea ted by d i chot ic 

p r esentation s h ould tend to favor the identification 

of t h o se sounds presented to the left ear over thos e 

pre sented to the right one . 

To t es t th i s hypothesis t h is study investigated 

the recognit ion o f dichotically presented nonverbal, 

nonmus i c a l sounds . The st imuli used in t h is experiment 

were common sound effects simil ar to those u sed in 

the Sound Recogni ti on Test ( Spreen & Benton , 19 63) , 

e . g . , fog horn , airplane engine, si ren , e tc . 

~s i dentifi e d the stimulus s ounds b y making a 

motor response to th r ee k i nd s of mu ltiple choice foils 

representing the st i mu l us sounds - words , pictures , and 

sounds . These identification foi l s re present a 

c ontinuum r a ng ing from v erbal (word s) t o nonverbal 

(sounds ) with picture s representing a pl a ce betwe e n 

the two extreme positions . 

A mode l of bi l atera l function a l a~ymme try for 

verba l and n onv e r bal s ounds s ugges t s the followi ng 

hypotheses . 

A. Hypo thes i s One 

There is an interaction between ear of p re sentation 
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and the mode in which the recognition foil is 

presented . Within the sound and picture response 

conditions , recognition of sounds presented to the 

left ear is significantly greater than of those 

presented to the right e a r . Because of the influence 

of the left cerebra l hemisphe re in the perception of 

language , this difference is reversed within the 

word condition to favor sounds presented to the 

right ear . 

B. Hypothesis Two 

Mode of presentation affects the perfo rmance , 

i . e ., correct identification of sounds . Specifically , 

the sound mode of presentation shows the greatest 

number of correct identifications . The picture and 

word modes show a smaller number of correct identi ­

fications because of the necessity to make a cross­

modal comparison . In the case of both words a nd 

pictures it is necessary to compare a visual 

identification foil with the initial auditory 

stimulation . In addition the word i dentification 

requires verbal labeling of a memory trace to mak e 

the comparison . 

c. Hypothesis Three 

Stimuli presented to the left ear will be be tter 



recognized than stimuli presented to the right ear . 

This hypothesis is only of interest in the absence 
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of a significant interaction between ear of presentation 

and mode of recognitiion . 

II . Method 

A. Subjects 

The Ss were 18 students drawn from the Fleet 

School , Canadian Forces Base , Esquimalt . Ss were 

male , right hande d as determined by a questionnaire , 

and h omogeneous in reg ard to age , educati onal b a ck­

ground , and intelligence (mean age 19 . 5 , range 18 - 23; 

median school g rade level 11 , range 10 - 12 ; median 

intelligence sta nine 7 , range 5 - 9, Applicant Qualifi ­

c a tion Test) . Ss we r e assigned at random to three 

g roups c ounterbalanced for order of mode presentat ion , 

and to three g roups of order within each mpde of 

presentation. All Ss we re tested under all conditions 

a nd e ach 2 completed hi s testing within one day . 

B. Apparatus and Procedure 

In a quiet room , each 2 was examined for normal 

hearing by a sweep check with a pure tone audiometer . 

Each ear wa s tes t ed a t a hearing threshold level of 

30 db over the range of frequencies fr om 250 t o 



6000 cps. The dichotic test stimuli were presen t ed 

to the~ by means of a two channel tape recorder 
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(Ampex 602-2) via stereophonic earphones (Telex St 20) . 

+ Stimuli were equated for peak loudness at 65 - 2 db 

by means of a sound level meter ( Scott Type 540). 

Earphones were reversed f or half of the ~s to counter­

balance possible a rtifacts introduced by the sound 

transmission system . 

Each d was seated at a table with two telegraph 

keys, marked yes and no respectively , di rectly before 

him . Each response key activated a signal light on 

the control panel indicating the response which was 

recorded by~- Behind the keys wa s a frosted glass 

scree n 15 inches from d ' s eyes upon which visual 

response foils (5 1/2 x 7 inches in size) could be 

projected by a 35 mm . slide projector . 

Dichotic stimuli of two seconds duration were 

presented in groups of three pairs , with one second 

interpair intervals . Following each set of three 

pairs there was an interval of five seconds . Twelve 

response foils of two seconds duration were then 

presented serially at five sec ond intervals. After 

each response foil , ~ indicated by pressing the 

appropri a te key whether or not the foil represented 

a stimulus that had been part of the preceding 
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dichotic series . 

The sounds used as stimuli and as foils were 

nonmusical , nonanimate sounds (e . g ., fog horn , siren) 

taken from comme rcial sound effects recording s . From 

a pool of 120 sounds , 20 highly familar sounds were 

selected . Familiarity was determined by presenting 

all sounds independently to three judges . For the 

experiment only those sounds correctly verbally 

identified by all judges were selected . Ten of 

these 20 sounds were assigned at random to make up 

the stimuli used for dichotic presentation and for 

positive response foils . The remaining 10 were used 

as neutral response foils . The foils varied according 

to the three response conditions which were: (a) words , 

a printed word representing the stimulus was shown on 

the screen, (b) pictures, a picture of the object 

mak ing the stimulus sound was shown on the screen , 

(c) sounds, the stimulus sound or a neutral foil 

was played binaurally~ 

All sounds were continuous during the two second 

p resentation . Tapes were prepared by cutting the two 

channel s of continuous sound with an e lectronic audio 

gate . The r i se time of the aud io gate i s in t he 

order of micro seconds thus assuring for perceptual 

purposes s i multane ity of stimulus onset and off se t . 
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Stimulus length wa s measured by a digital time base 

and c ounter (Iconix 6255) with an accuracy of 0 . 1 msec~ 

The audio gate was opened and closed by the timing 

apparatus. 

III . Results 

The dependent variable was the number of correctly 

identified dichotic stimuli . Data were analyzed by 

a three factor analysis of variance design (Table 1) . 

The factors were ear of presentation (E) , response 

mode (M), and subjects (S) . 

The hypothesized MxE interaction was not signi­

ficant . There was no difference noted for ear of 

presentation either as a main or simple effect (Table 2) . 

The main effect for M was significant. As hypothesized 

the experimental condition which used sound as an 

identification foil resulted in significantly more 

correct identifications . The other two modes did 

not differ significantly. 

IV . Discussion 

The superiority of recognition demonstrated 

under the sound respons e mode, rather than words or 

pictures, is of interest for the desig n of future 

experiments . This indicates that a higher level of 

performance can be expected where the Sis not 
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Tab le 1 

Pilot Experiment 

Analysis of Variance of Number Correct 

Source df MS F 

Mode ( M) 2 35.90 7.88 ++ + 

Ear (E) 1 0 . 33 (1 

Subjects ( s ) 17 12 . 17 

MxE 2 1 . 19 (1 

ExS 17 3 . 55 

MxS 34 4 . 56 

MxExS 34 2 . 38 



Table 2 

Pilot Experiment 

Mean Number of Correct Responses per Ear 

Within Stimulus Mode 

Mode of Response 

Ear of 
;::, 

Words Pictures Sound 
Presentation 

Mean SD Mean SD Mean 

Left 8 . 78 2 . 49 9 . 33 1 . 98 10 . 88 

Right 8 . 6 7 2 . 84 8 . 94 2 . 18 11 . 06 

t ( d f=l6) . 56 -. 62 . 28 

Mean Number Correct per Mode of Response 

Bothb 
Ears 8 .73 9 . 13 10 . 97 

30 

SD 

2 . 18 

2. 20 

Note.- The critical d ifference bewteen any two Mode 

o f Response means at the .05 level of significance is 

1.03. 

astandard Error of Difference ( SEd)=,63 

bSEd=.503 



required to make a crossmodal identification , e . g ., 

aud i tory - vi s ual - verbal. This superi ority is 

presumably due to the simi l ari ty of the response 
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foil to the memory t r ace since the dichotic perceptual 

conditions are i dentica l in all three response modes . 

Another main f inding is the failure to demon ­

st r ate a significant d iffe rence between ears for this 

type of nonverbal sound . One explanation fo r this 

l a ck of the expected left ear domina nce is that 

these particul a r sounds we r e strong in ve r bal associa­

ti ons and meaning . This v erbal component may have 

masked a left ear effect that wou ld have been noted 

h ad the sounds been pure l y nonverbal . This poss i bi lity 

is suggested by an operational definition of meaning . 

In verbal lea rning research , mea~ingfulness (m) is 

defined as t h e numbe r of words that c an be freely 

associated to a given word in a particular period of 

time . I n thi s experiment , the selection procedure 

de s i gned to establ i sh familiarity resulted i n the 

selection of those sounds that are h i gh ly verbal in 

their meaning since only those which could be correctly 

v e r bal i zed by a ll judges we re se l e cted . 

Ano ther possibility is that the r i gh t hemi sphere 

is re spon s ive pr i marily to the type of tonal pattern­

ing fou nd in music but not in o ther nonverbal mean-
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ingful sounds . Shankweiler (1 967) , using spoken 

vowel s ounds with fs who had shown right ear s upe ri­

ority fo r consonant vowel comb inations, failed to 

obtain a difference between ears . This was , he 

suggested , because this t ype of nonpatterned , non­

v e rbal sound lies midway betwee n words and music~ 

What this mi ght mean is not clear . One interpretation 

is that the vowel sound is equally v e r ba l and nonverbal. 

Anothe r possibility is that a vowe l sound by itself, 

like a steady tone, is devoid of meaning a nd not 

subject to cortic al analysis . 

A third explanation is that the time from the 

p resentation of the dichotic stimuli to the l as t 

foil ( 96 sec . ) was so g reat that the f inal half of 

the fo ils were responded to in a chance fashion . 

This might con~eal any effect that may have been 

present dur ing the first half of the recognition 

foi ls. 

To examine this last possibility only those six 

stimuli that appear in the first ha l f of the recogni­

t i on foil series were analyzed . This analysis 

s howed the same patte rn as a b ove with the exce pt ion 

that the main effect for mode only reached the . 05 

level of significance (Table 3) . 

A further interpretat i on of the pilot study 



Table 3 

Pilot Experiment 

Analysis of Variance 

of First Six Response Foils in Each Mode 

Sou rce df MS F 

Mode ( M) 2 8 . 04 4 . 30 + 

Ear ( E ) 1 1.33 ( 1 

Su b jects ( s ) 17 4 . 15 

MxE 2 0 . 78 ( 1 

Ex S 17 1 . 76 

Mx S 34 1 . 8 7 

Mx·x S 34 3 . 4 7 

+ p(. 05 

33 



concerns the fact that the same stimulus sounds 

recurred in different combinations but were not 

used as neutral foils . It might be argued that 
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after several exposures S learned which were stimulus 

sounds and which were neutral foils . If this were 

the case the second and third res ponse modes in the 

order of pr e sentation would show a high degree of 

accuracy in identification of sounds presented to 

both ears . This would also conceal any ear preference 

that may have been present during the first mode of 

response tested . This question was examined by 

considering only the first series presented to each~. 

These data were analyzed by analysis of variance 

(Table 4) . As in the previous analysis the main 

effect for mode of presentation was significant . 

The ExM interaction and the main effect for ear of 

presentation were not significant . 

Shortly after the completion of this pilot 

study , Curry ( 1967) published the results of an 

experiment with stimuli similar to those used in 

this pilot study . His Ss received three d ifferent 

dichotic tests: words , nonsense wor ds , and environ­

mental sounds . This l as t test was composed of 27 

pairs of sounds taken from sound effects recordings . 

Stimu lus durations were approximately two seconds . 



Table 4 

Pilot Experiment 

Analysis of Variance: Initial Response Mode 

Source df MS F 

I''!Ode ( M) 2 33 . 36 4 . 19+ 

error ( b ) 15 7 . 96 

Ear ( s ) 1 0 . 69 ( 1 

ExM 2 1.36 (1 

error (w) 15 3.34 

+ p( . 05 
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Curry used g roups of both right and left handed ~s . 

The right handed g roup , which had previously shown 

significant right ear superiority on the tests 

employing words and nonsense words , showed a 

significant left ear superiority ( p( . 05) in the 

identification of the nonverba l sounds . 

Pr ior to testing , each of Curry ' s ~s were 

familiarized with the sounds in the experiment . 

Ss we re assisted in the i dentification of these 

sounds and corrected when this was necessary . Ss 

were told that these were the sounds they would 

be hearing in the experimental conditi ons . Ss 

responded immediatel y following the presentation of 

one pair of sounds and attemp t ed to verbally identify 

the sounds wh ich they had heard. 

By contrast , in the study reported here , ls were 

g i ven three pair s of sounds before being allowed to 

identify them . Identification was by motor response 

to a set of mu ltiple choice foils rather than by 

verba l re port . The .,J;s had not heard the sounds 

before but sounds we re presumed to be familiar 

b ec ause of their i dentifica tion by judges . 

The technique used by Curry of g iving Ss the 

names of the stimuli was specifically avoided on 

the assumption that this wou ld introduce a degree of 

36 
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verbal association that might dilute a possible 

left ear effect for supposedly nonverbal stimuli. 

However, the fact that his study obta ined a difference 

in spite of the technique suggests tha t it i s not 

necessarily an important factor . It might be a r gued 

tha t the different means of respond i ng, i . e., verbal 

and motor , were influe ntial in causing the difference 

between t hese two studies . However , Curry showed a 

left e ar superiority in a situation where the Ss 

respond verbally. This weakens the argu ment that a 

v erbalized response may show a right ear superiority 

because of the method of report rather than because 

of functi ona l differences in pe rception (Inglis, 19 65). 

Mode of response does not appear to be as s ignificant 

a facto r as orig inally assumed. 

The key to the difference between Curry's 

experiment and the present study may lie in the 

different time intervals between stimulus presentation 

and response and the discriminability of the stimuli 

in the two studies. Curry's ~s were able to respond 

at once whereas the ~sin this pilot study had to 

wait as long as 60 seconds b efore responding to some 

foils. The fact that Curry's ~s knew in advance 

the r ange of stimuli t h a t they wou ld be receiving 

probably increased the salie nce of s mall stimulus 
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differences thus enhancing discrimination . 

There remains the possibility that Curry's 

results are due to statistical error . The ear 

difference just reach ed the . 05 level of significance 

for his right handed ~sand f a iled to reach significance 

for his left handed Ss . This latter g roup is of 

importance because t hey had previously demonstrated 

a significa nt right ear preference (p( . 01) in a 

dichotic words test . The classification of handedness 

was based on the coincidence of Ss ' statement of 

handedness to two of three questions relating to 

handedness . If these g roups are pooled on the 

basis of their demonstrated right ear dominance the 

marg in of left ear superiority on the Dichotic 

Environmental Sounds Test fail s to reach statistical 

significance (t=l . 36 df=48 p( . 40) . The status of 

a left e a r dominance in the perception of common 

environmental sounds remains equivocal . 

v. Conclusion 

The hypothesized left ear dominance for nonverbal 

sounds was not demonstrated in this study . The ear 

differences were slight and not consistently in the 

direction predicted by the hypotheses . The absence 

of a significant d i f ference requires that the null 

h y pothesis b e retained . The obtained e a r diffe rences 



in this study were so small tha t there ordinarily 

would be little reason to pursue the possibility of 

ear differences using this type of stimuli . However , 

the demonstration of a left ear dominance by Curry 

using very similar stimuli and the literature on 

musical stimuli raises the possibility that failure 

to find a left ear preference in this study may be 

due, not to the absence of an effect , but rather to 

procedural differences between the two experiments . 
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In Curry ' s study , the increased discriminability 

of the stimuli due to instruction and the opportunity 

to respond immediately appear to be factors that may 

influence the production of an ear difference . 

Evidence suggests that the hypothesis that the 

right hemisphe re mediates meaningful nonverbal 

sounds is too broad . A conservative interpretation , 

based on current research , would be that the right 

hemisphe re is involve d in the perception of patterns 

or melodies, especially those which , like chamber 

music and unlike popular music , are relatively free 

of verbal content or association. 



40 

Chapter IV 

Present Investigation: Main Experiment 

I~ Introduction 

The auditory asymmetry for dichotically presented 

verbal sounds , in which words presented to the right 

ear are better recognized and recalled than those 

presented to the left ear , is we ll established . The 

existence of a l eft ea r dominance for nonverbal but 

meaningful sounds is still rather speculative . The 

previously reported pi lot research using sound effects 

failed to show any ear preference while a study using 

similar stimuli but a different method did show a 

significant difference favoring the left ear . Vowel 

sounds too have failed to show a left ear superiority 

even though they are meaningful and , it might be 

argued , nonverbal . If the effect exists it appears 

to be a smaller effect than that shown for verbal 

stimuli and almost certainly does not appl y to all 

meaningful sounds that could be classed as nonverbal . 

The best evidence for the phenomenon of left ear 

dominance has been found with music stimul i ( Kimura , 

19 64 , 1967; Shankweiler, 1966b ) . The intention of 

the present study was to examine the phenomenon of 

left ear dominance using music stimuli under experi-
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menta l conditions different from those used in 

previous studies a nd to examine , with r e g ard to ear 

preference , the effects of v arious musical c omponents . 

Seashore (1 947) lists four physical variab les of 

sound that h a v e significa nce for music: frequency , 

intensity , duration, a nd form . The psychological 

equivalen ts of thes e dimension s are pitch , loudness , 

time , and timbre . According to Seashore ,_ rhythm, 

harmony , volume , and tone quality are compounds of 

these psycholog ica l v ari a bles . The discrimination of 

p i tch and intensity h av e bee n shown to be re l atively 

i nsens i tiv e to cortical in jury in man ( Shankweiler , 

1 966 ; Milner, 196 2) and a nimal ( Neff , 19 61). This 

s uggests tha t a n attempt to isol a te those compone nts 

of music wh ich a re re sponsible for a left ear effect 

in DL.S might best be direc ted toward tho se c omponents 

f or which some evidence of specificity exists , i . e ., 

timbre , rhythm , and tonal pattern . This choic e of 

mu s ical componen t s r e presents commonl y accepted 

e l ement s of music which a re d iscrimina bly d ifferent . 

Previous r esearc h suggests tha t the s e c omponents may 

show a functional specificity of the right cerebra l 

hemisphere . 

A. Hypothe s i s One 

~usic a l exc erpts , when p r esented dichot ically . 



42 

are recognized more frequently at the left ear than 

at the righ t ear . 

The phenomenon of left ear dominance in the 

percepti on of music has been tentatively established 

in some studies . Howeve r , replication with new music 

under different experimental circumstanc es is des i rable . 

B. Hypothesis Two 

In a DLS situation , tonal patterns p resented t o 

the left ear are more fre quently recognized than 

those presented to t he right ear . 

Two p revi o us studies emp l oyi ng musical stimuli 

( nondichot i c prese ntation ) failed to support the 

hypothe s is of specificity associated wi th the r i gh t 

temporal lobe . This suggests that only some aspects 

of mus ic are important . To determine what the 

c ritical vari ab les may b e it is nece ssary to analyze 

t he c ompl ex st imulus represented by mus ic into its 

c omponent part s . 

The use of tonal pattern s is a fi rst s tep in 

singling out aspects of mu s i c wh ich may result in 

right hemisphere specificity . This hypothesis 

follows from Milne r ' s demons tration of selective 

deficit on this type of test f ollowing right temporal 

lobectomy . 
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C. Hypothesis Three 

In a situation where simultaneous st imuli differ 

only in timbr e , t hose st i muli presented to the left 

e a r are correctly identified more f requently than 

those stimuli presented to the right ear . 

Ti mbre i s the other stimulus which is repor ted 

by Milner as showing s e lective deficit in patients 

with righ t tempora l lobec t omies. Kimura (1964) 

refers to an unpublished study in wh ich this test was 

given t o n or ma l ~s , one ear at a time . In her study 

no d ifferences were found between ears . This negative 

finding may be due to lack of riva lry between the ears . 

The increased d ifficulty of the DLS situation may be 

enough to demonstrate an ear d ifference in normal Ss . 

D. Hypothesis Four 

Rhythm patterns show no differences in performance 

between ears i n the DLS situa tion . 

This hypothes is is s uggested b y Milner's fi nding 

of equal performance levels on the Rhythm subtest of 

the Seashore battery by lobec t omy patients , both pre­

a nd postoperatively . 

E . Hypothesis Five 

Differences in performance betwe en ears are greater 
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following a 12 second interval of reca ll than following 

a 5 second interval. 

This hypothesis is suggested by Broadbent ' s 

the ory which sugg e st s tha t ear diffe rences in DL 

are due to the inability of S to shift his attention 

rapidly enough to a ttend to both stimuli . The 

stimulus that does not receive primary attention is 

shunted into an emergency holding system which is 

characterized by r apid memory decay . Thus it is 

expected that the discrepancy between the me mory 

decay rates of the normal perceptual system and the 

temporary system will result in different levels of 

performance for e a ch e ar . These differences will 

be greater the longer the time interval between the 

p r e senta tion of the st imulus and the occurrence of 

the recognition foil . 

F . Hypothesis Six 

The use of res ponse latency as a dependent 

variable will g ive re s ults which are parallel to 

t h ose ob tained in hypotheses one to five in which 

numbe r of correct identifications is the dependent 

variable . Specifically , t he h ypotheses predict that 

t here is a le f t e a r super iority for music, tone 

patterns , and timbre, and that the re is no ear 

dif f erence for rhythm. Hy pothesi s five predicted 



tha t such differences as were found would be greater 

in the long I SI group . 

This measure is not a motor reaction time 

measure . ~ is g iven no instructions to respond 

rapidly . Response l a tency is assumed to reflect 

speed of recognition rather than speed of reaction . 

This is an exploratory hypothesis . Response 

latencies are notoriously variable and have not 

always proved to be e fficient dependent variabl es. 

II . Method 

A. Subjects 

Ss were drawn from two Victoria public high 

schools , the Victoria Adult Education Institute , 

a Canadian Forces school, a school of nursing , and 

the University of Victoria . ~s were unpaid and 

provided their own transportation with the exception 

of two for whom transportation was arranged . Each 

~ was required to take part in four experimental 

sessions on separate days . Most of the experiments 

were done in the late afternoon or early evening . 

The ~s willingness to be inconvenienced is taken as 

presumptive evidence t hat they were b oth motivated 

and cooperative . 

Ss were preselected according to the following 

45 
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four criteria: a g e between 17 and 20 ye ars , right 

handedness , normal he a ring thresholds b ilaterally , and 

right e ar superiority on dichotic presenta tion of 

word s . Age , sex , a nd handednes s were determined by 

a que s tionnaire (Appendix A) di s tributed to interested 

persons in the appropriate a g e r a nges . 

1 . Handedness . Handedness was assessed by ten 

questions relating to manual preference in varying 

situations ( Spreen & Benton , 1967) . The questions 

are answered b y the S indica ting that he habitually 

uses either hi s right or left , or b oth hands equally , 

for a g ive n t a sk . A response ind icating a right hand 

preference i s g iven a score of ten , both hands five , 

and a left hand pre f erence zero . Ri ght handedness is 

defined by a score of 65 or g rea ter. Th is initial 

screening yielde d a subj e ct pool of 56 males a n d 49 

fe males . 

2 . Hearing threshold . Ss we r e tested ind ividuall y 

in a quiet room (amb i e n t noise l e vel betwee n 4 0 - 45 db ) 

f o r h e aring threshol d o f each ear u s ing a pure tone 

aud iometer (Maico, MA -2 B) . A s weep test through t he 

fr eque ncie s o f 500 , 750, 1000 , 1500 , and 2000 Hz was 

made a t a l e v e l of 20 db (ISO, 1964 ) . One mal e and 

one fe male S were d ropped from the s ub ject pool because 

of hig h f requency hearing los s . 
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3 . Ear preference . The remaining Ss were tested 

for right ear preference in the recall of dichotically 

presented words . This test consists of words matched 

for frequency of use , abstractness , and initial 

phoneme . It has been shown to produce right ear 

preference in a variety of right h anded samples 

(Jones & Spreen , 1967; Borkows ki et al ., 1965) . 

Word pairs are presented three at a time with an 

interpair interv al of . 5 s econd s . After each series 

o f three pairs S recalls as many of the words as 

possib le . The score is the number of correctly 

recalled words presented to the right ear minus the 

number of c orrectly r e called words presented to the 

left ear . Ri ght ear dominance is defined by a score 

of one or g reater . 

Nine o f the 55 ma les and four of the 49 female s 

failed to show this effect . This be tween sex 

difference is not sta tistically significant ( 1 6 .3 

percent vs. 8 percent , z=l . 23 p ( . 22) . 

From the remaining subject poo l 32 experimental 

Ss of each sex were selected at r andom . Three 

fema le s were dropped from the study after one experi­

mental session. One of these was excluded because of 

failure to correct l y fo llow t he experimental instruc tions 

and two becau se of commitments wh ich did not allow 
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them to complete the full experimental series . Two 

males withdrew from the study with no reason given . 

These Ss were replaced by Ss from the pool of eligible 

volunteers . 

The 64 Ss who took part in the experiment are 

described in Table 5 . Sex differences in criterion 

performance were not significant . 

The . 05 level of significance was adopted for 

2 testing statistical hypotheses . 

B. Apparatus 

S was seated in one of two experimental rooms at 

a table with two telegraph keys , marked yes and no. 

These two rooms were separated by an observational 

and equipment room which allowed E to observe Ss 

through a one way mirror while monitoring the test 

equipment. Prior to testing ~s were shown the 

observa t ion room. It was demonstrated to them that 

E would be able to observe them during the course of 

testing . The test rooms were d ivided into two 

cubicles b y a room divider so t hat two Ss could be 

2The ExS mean square from the pilot study was 
used to estimate between e ar var iability in the 
desig n of this e xperiment . Using this estimate , 
a two tailed t test of the betwee n ear difference in 
the sma llest homogenous cell ( N=l 6 ) has power ) . 95 
when a .05 level of s i g ni f ica nc e is adopted . 



N 

Male 32 

Fema le 32 

Tab le 5 

Main Experiment 

Subject Description 

Ag e Ri ght Ear 
Domi nance 

Mean SD Mean SD 

18 . 1 . 99 7 . 2 4 . 7 

18 .3 . 70 6 . 6 4 . 2 
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Handedness a 

Median Range 

89 .5 65-100 

89 . 7 65-1.00 

a Number of words corre ctly rec a lled after presentation 

to the righ t ear minus numbe r of words correctly r ecalled 

afte r p r esentation to the left ear . 



tested in each of the two experimental rooms at the 

same time . There was no visual contact between Ss . 

They were instructed not to talk to each other 

during the experiment . Ss were told that their 

responses would be recorded but no mention was made 

of the fact that r esponse times would be measured . 

Each experimental session lasted approxima tely 21 

minutes for group one Ss and 32 minutes for group 

two Ss . 
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The dichotic stimuli , r ecognition foils , and 

identification numbe r s for each of the stimuli were 

recorded on magnetic recording tape and presented by 

a two channe l tape recorder (Ampex 606 - 2 ). Each 

channel was separately amplified by an Ampex 620 

speaker - amplifier and pr esented to~ via a pair of 

stereophonic earphones ( Te l ex St- 20 ). Earphones 

were balanced for sound intensity by cal ibrating 

with a sound l e vel meter pressed flush against the 

earphone cushions . TQe stimuli were presented at 

an intensity level between 58 and 64 db . The differ ­

ence between peak loudness of dichotic stimulus 

pairs was 2 db or less . In the musical pairs this 

diffe rence was e xceeded in some portions of a 

musical passage. However , a s the stimulus duration 

was relatively brief , intensity v a riations were 



kept at a minimum . 

Ss responses were recorded by separate pens of 

a six pen paper tape recorder . The stimulu s onset 

and offset was simultaneously recorded on the same 

tape by a pen driven by a sound activated relay 

(Grayson Stadler A 7300a - l) . 

C . Procedure 

2s were randomly assigned to one of two experi ­

mental groups, Time One (T1 ) in which the ISI was 

5 seconds or Time Two ( T
2

) in which the interval 

was 12 seconds . Within these two groups fs were 

randomly assigned to one of four orders of presenta­

tion to counterbalance possible learning effects 

between test sessions . Within each order , half of 

the fs had their earphones reversed, to control 

possible bias introduced by the sound transmission 

system . 

Ss were presented with dichotic stimuli in each 

of the four stimulus conditions: music (M), tonal 

pattern (P), rhythm (R), and timbre (Tm). Within 

any one test session only one type of stimulus was 

used . The dichotic pairs were preceded by a spoken 

numbers, heard diotically . This number ended the 

preceding response interval, acted as a ready signal , 

and identified the pair . The dichotic pairs of 2 
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seconds duration were followed by an ISI appropriate 

for the experimental group . The I SI ended with the 

onset of an identification foil presented diotic ally . 

This foil was a sound which was either one of the 

members of the preceding dichotic pair or a new but 

similar stimulus . The S's task was to indicate, by 

pressing one of the two response keys, whether or 

not the foil was one of the dichotic pair . 

D. Stimulus Material 

In each of the four stimulus conditions S 
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received 96 dichotic pairs , each followed by a diotic 

foil. The pair and the foil were separated by an ISI 

according to experimental g roup. Half of the recogni ­

tion foils were drawn from the dichotic stimulus pair 

and half were new foils not present in the dichotic 

pair. Pairs 1-48 were repeated to make up the pairs 

49 - 96 . However , the channels of presentation were 

reversed so that each S received every dichotic pai r 

twice . Each member of a stimulus pair appeared once 

at each ear in different halves of the test . The 

stimulus tape in each session was played through with ­

out pause . 

1 . Music . Twenty-four diotic foils were made 

up from one member of each of the dichotic stimulus 

pairs . The foil was recorded on both channels of the 



experimental tape . Thus the fo il was an exact 

diotic r eplica of the stimulus . 

Musical passages were paired randomly for the 

dichotic stimuli. No attempt was made to match 

selections for such v ariables as tempo, rhythm, 

etc . In all instances the melodies were continuous 

within the 2 second stimulus interval. 

Simultaneity of onset and off set of stimulus 

pairs was achieve d by recording dichotic and diotic 

signals passed through an electrically driven audio 

gate . The dichotic stimuli were cut from the middle 

of the rec orded passages . The method is the same 

as that described in the pilot study reported above 

(p . 27). 
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2 . Tone pattern . The patterns in this subtest 

were composed of four pure tones of 500 msec . duration 

each , presented contiguously to make up a 2 second 

stimulus . The eight pure tones, comprising the 

octave from A4 to A5 on the chromatic scale , with 

frequencies of 440 , 494 , 522, 586, 660, 700 , 784 , 

and 88 0 Hz were produced by a sine wave generator . 

Phase was not controlled for the dichotic pairs . 

The dichotic pairs were unique combinations of 

four tone patterns, produced in such a way that each 

ear received a diffe rent tone at any one time, and 

e a ch of the tones in a ny one ear pattern was different 



from the one which preceded it, e . g . , right ear 

received 440, 784, 660, 494 Hz and left ear received 

494, 522, 586, and 880 Hz . 

A program was prepared for a digital computer 
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(IBM 360) that would enumerate the very large (greater 

than 500,000) number of such unique patterns . A 

printout of every five hundredth such combination 

was obtained. From this sample, patterns for both 

dichotic pairs and recognitions foils were selected 

randomly with the restriction that a neutral foil did 

not match a member of a dichotic pair . 

3 . Rhythm. This test consisted of signals 

similar to Morse Code . However , instead of the 

conventional dot and dash pattern the signals were 

made of pure tone pulses of 100, 200, 300, or 400 

msec . duration . The interpulse interval was 200 , 300, 

or 400 msec . long . Each ear received a different 

frequency (1000 Hz and 1500 Hz) to maximize discrimi ­

nation . The frequency presented to each ear and the 

frequency of the recognition foil were randomized . 

To prevent frequency discrimination acting as a cue 

a recognition foil drawn from a dichotic pair had 

the same frequency as the orig inal stimulus. All 

pulses were simultaneous in onset. The pattern 

differences were crea ted by the d ifference in offset 



55 

and hence in the interpulse interval . 

4 . Timbre . The stimuli in this instance were 

single notes played on a pipe organ . The fundamental 

frequency was the same for both members of the pair 

but the overtones differed according to the combination 

of pipes used (Appendix B) .. Each stimulus was 2 

seconds in length . Foils were of the same fundamental 

frequency. 

E . Scoring 

Two dependent variables were used in this study . 

The first dependent va r iable was the number of correct 

responses made by the s , i . e ., responding yes when the 

foil was one of the dichotic pair . Thus for each sin 

each condition a score could range from Oto 24 for 

each ear . The second dependent variable was recognit i on 

time , the time from onset of response foil to ~'s 

pressing of the response key . The duration of the 

response foil was 2 seconds for all stimulus conditions . 

In most instances S did not respond until after the 

foil was completed . Response time was measured from 

foil onset to allow the S to make a scorable response 

prior to the end of the 2 second foil duration . This 

measure was recorded on paper tape moving at a velocity 

of 12 mm . per second . Measurements were made to the 

nearest mm ., i . e . , . 083 s e c . For purposes of analysis 



the distribution of these da ta was normalized by a 

na tura l logarithm transforma tion . In a few cases a 

S would res pond both yes and no within the s ame 

re s pon s e interval . In this i n stance the fol l owing 

s coring convention was adopted: the last response i n 
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the interval was a s sumed to be S ' s c o r r ected preference 

and the initi al response was i gnored . If no accurate 

determinatio n could be made regar ding the priori ty of 

onset t h e res ponse was scored a s no . 

III . Results 

A. Dependent Variab l e One ( Number of Correct Responses ) 

1 . Sex . The first analysis of the dat a was 
I 

performed by a four f a ctor a nalysi s of v a rianc e with 

two independent meas ure s , sex ( S ) and time (T ), and 

t wo repeated measures , ear of presentation (E) and 

stimulus condition (C) . The sex mai n effec t and the 

interact ions with E , T , a nd C were not sig nificant 

( Table 6 ) . Therefore , the data were collapsed for 

sex and a three f actor ana l ys i s of variance ( Type VI , 

Lindquist , 1953) performed . This analysi s (Table 7 ) 

showed significant main effects for T and c , a nd a 

significant ExC interac t ion (Figure 1 ). 

2 . Time . A significant main effect was obtained . 

The main effec t for T shows that the overal l level of 

performance decrease d from T1 to T2 . The ExT inter -



Table 6 

Main Experiment 

Analysis of Variance: 

Number of Correct Responses 

Source df MS 

Time (T) 1 817 . 59 

Sex ( s ) 1 43 . 36 

TxS 1 45 . 72 

error (b) 60 46.17 

Ear (E) 1 1 . 64 

ExT 1 48 . 14 

ExS 1 43 . 36 

ExTxS 1 12 . 19 

error1 60 12 . 35 

Stimulus 3 445.35 
Condition (C) 

CxT 3 11 . 29 

CxS 3 9 . 43 

CxTxS 3 10 . 17 

e rror2 18 0 1 4 . 40 

Exe 3 23 . 46 

ExCxT 3 16 . 05 

ExCx S 3 12 . 69 

ExCxSxT 3 10 . 14 

error 3 180 7 . 94 

+ p ( .05 
+++ p(.001 
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F 

17 . 70+++ 

(1 

(1 

(1 

3 . 90 

3 . 90 

(1 

30 . 92+++ 

(1 

(1 

(1 

2 . 95+ 

2.02 

1.59 

1 . 29 



Table 7 

Main Expe riment 

Analysis of Variance: 

Number Correct Respnses with Sexes Pooled 

Source df MS F 

Time (T) 1 817 . 60 17 . 73+++ 

error (b) 62 46 . 12 

Ear (E) 1 1 . 64 (1 

Condition ( C) 3 445 . 35 31.,24+++ 

ExC 3 23 . 46 2. 90+ 

ExT 1 48 . 14 3 . 72 

CxT 3 11.29 ( 1 

ExCxT 3 16 . 05 1 . 99 

error1 62 12 . 93 

error2 186 14 . 26 

error 3 186 8 . 05 

+ p( . 05 

+++ p( . 001 
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action was large (F =3 . 72 p( . 10) but fell short of 

the adopted level of significa nce. Inspection of 

the data suggested that the variances in the two 

experimental groups were not e qual . This was tested 

by a two tailed K test (Pearson & Hartley , 1966) . 

The hypothesis of equal variance was rejected 

(F=2 . 57 p( . 05) . Following Lindquist (1953) a 

separate analysis was done for each experimental 

group . 

3 . Stimulus condition . A significant main 
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effect was obtained in the overall analysis . Separate 

two factor analyses of variance with repeated measures 

on each factor were performed on e a ch experimental 

group for the reason noted above . Group one (Table 8) 

showed significant main effects for C and E . The 

ExC interaction was also significant . 

In group two (Table 9) only the main effect for 

C was significant . 

4 . Ear of presentation . No overall main effect 

for ears was obtained . However, because of the ear 

effect found i n the analysis of experimental group 

one, the ear effects within each stimulus condition 

were examined separately by two tailed t tests. In 

g roup one (short I SI) the left ear was significantly 

superior to the right ear (Table 10) . There was no 

significant ear difference demonstrated in any of the 
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Table 8 

Main Experiment 

Five Second ISI Group 

Analysis of Variance: 

Number of Correct Responses 

Source df MS 

(E) 1 33.78 

Condition (C) 3 216.71 

ExC 

Subjects ( s ) 

ExS 

CxS 

ExCxS 

+ p(.05 

++ p(.01 

+++ p( . 001 

3 28 . 66 

31 36 . 18 

31 6 . 59 

9 3 12 . 18 

93 6 . 42 

61 

F 

5.12+ 

17 . 79+++ 

4.46++ 
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Table 9 

Main Experiment 

Twelve Second I SI Group 

Analysis of Variance: 

Number of Correct Responses 

Source df .MS 

(E) 1 16 . 00 

Stimulus 3 239 . 9 3 
Condition ( C) 

Exe 3 10 . 85 

Subjects ( s ) 31 56 . 07 

ExS 31 19 . 26 

CxS 93 16.33 

ExCxS 93 9 . 69 

+++ p( . 001 

62 

F 

(1 

14 . 69++ + 

1.12 



Table 10 

Main Experiment 

Five Second I SI Group (N=32) 

Summary Table: Mean Number Correct per Ear 

Within Stimulus Condition 

Stimulus Condition 

Ear of 
Presentation a Iliusic Timbre Rhythm 

Left 19 . 5 19 . 2 17 . 2 

Right 17.0 19 . 8 1 7 . 1 

t(df=30) 
3 . 90+++ -. 92 . 9 7 

a 
SEd= . 64 

+++ p(.001 

63 

Tone 
Pattern 

15 . 6 

14.7 

1 . 46 



other three stimulus condit i ons . In group two ( long 

ISI) no ear differences could be demonstrated within 

any stimulu s condition (Table 11 ) . 

The results supported hypotheses one and four . 
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Hy potheses two and three were not supported . The left 

ear superiority within the t one pattern condition wa s 

in the direction proposed by hypothesis two and this 

observed d i fference was modera tely large Ci=l . 46 

p( . 10) . Hy pothesis five was rejected . This hypothesis 

predicte d g reater e a r differences in the g roup with 

long ISis . There was a sig nificant ear difference 

for Min group one a nd no difference in g roup two . 

This result was di r ectly opposite to hypothesis five . 

B. Dependent Variable Two ( Response Time) 

The data for this analysis are the natural 

logarithms of mean respon s e times for trials with a 

left or right ear f oil . 

The first analysis was a four factor a nalysis of 

variance with two independent factors and t wo repea t ed 

me a sure factors (Table 12) . The four factors , i . e ., 

s , E , c , a nd T , were t he same a s in the a na lysis of 

depe nden t variable one ~ All four main effects were 

significan t . None of the interactions were s i gnificant . 

1 . Sex . Males re s ponded significantly f a ster 

than females . 



Table 11 

Main Experiment 

Twelve Second ISI Group ( N=32) 

Summary Ta ble: Mean Number Correct Responses 

per Ear Within Stimulus Condition 

Stimulus Condition 

Ear of 
Presentation a Music Timbre Rhythm 

Left 15 . 00 17 . 66 13 . 44 

Right 15.16 17 . 56 15 . 15 

t(df=30) .1 7 . 20 -1.57 
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Tone 
Pattern 

12 . 91 

13 . 12 

-.08 



Table 12 

Main Experiment 

Analysis of Variance: 

Mean Response Times (Log Seconds) 

Source 

Time ( T ) 

Sex ( s ) 

TxS 

error (b) 

Ear (E) 

ExT 

Ex S 

ExTxS 

error1 

Stimulus 
Condition (C) 

ExT 

CxS 

CxTxS 

error2 

Exe 

ExCxT 

ExCxS 

ExCxTxS 

e rror 3 

+ p( . 05 
++ p ( . 01 

+++ p ( . 001 

df MS 

1 1.158 0 

1 1 . 6133 

1 . 03 62 

60 . 1046 

1 . 0189 

1 . 0030 

1 . 0005 

1 . 0053 

60 . 0045 

3 1 . 7695 

' 
3 . 0203 

3 . 0075 

3 . 044 2 

180 . 0278 

3 . 0169 

3 . 0054 

3 . 0121 

3 . 0087 

18 0 .0073 
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F 

11 . 70 ++ 

15 . 42+++ 

(1 

4 . 20+ 

(1 

(1 

(1 

63 . 64+++ 

(1 

(1 

1 . 59 

2 . 31 

(1 

1 . 64 

1 . 19 



2 . Time . Recognition time was slower in the 

second (long I SI) experimental gr oup . 

3 . Stimulus condition . The order of the con­

ditions from most rapid to slowest recognition time 

was timbre , music , tonal pat t ern , and rhythm (Figure 

2 , Figure 3) . 

4 . Ear of presentation . ~s responded signifi ­

cantly faster to stimuli presented to the left ear 

than to those presented to the right ear . Ear 

differences within individual conditions were not 

significant ( Table 13). 

6 7 

These results support the notion of a left ear 

superiority suggested in hypotheses one to three. 

However, the individual hypotheses are not supported., 

Hypothesis four cannot be rejected . Hypothesis five 

is not supported since the magnitude of the ear 

difference is the same wi t hin each time group . 

C. Supplementary Analysis 

The stimulus tapes were designed so that the 

first and the second half were composed of the same 

items balanced with regard to the number of right 

and le f t ea r presentations . This ma de it possible 

to analyse separate halves of the experiment . Within 

each experimental g roup a two factor repeated measures 

analysis of variance was performed on the data in each 
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Table 13 

Main Experiment 

Summary Tab le: 

Me a n Response Time (Log Seconds) per Ear 

With in Stimulus Condition 

Stimulus Condition 
Ear of 

Presenta tion a Music Ti mbre Rhythm 

Left . 8233 .78 56 . 9100 

Ri gh t . 8 375 . 7830 . 90 6 3 

t(df=62) - 1 . 20 .22 . 31 
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Tone 
Pattern 

. 83 33 

. 8 4 68 

- 1 .1 4 

Mean Res pons e Time per Stimulus Cond ition 

Both . 8314 • 7843 I . 9082 I . 8468 

Note .- The critica l differe nce betwe en a ny t wo 

s t imulus condition means which is significant at 

. 05= - 1864 . 

a SEd =.012 

b SEd= . 0932 



half of the experiment . 

1. Number correct. In group one (short ISI) 

the analysis of the number of correct responses 

obtained on the first half of the experiment (items 

1-48) showed significant main effects for E and c, 
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and a significant ExC interaction (Table 14). The 

analysis of the second half of the data (items 49 -96) 

showed a significant main effect for Conly (Table 15). 

In group two (long ISI) the analysis of the two 

halves of the test showed significant main effects 

for Conly (Table 16, Table 17). 

2. Response time. Separate analyses of response 

times for first and second halves of the experiment 

showed significant main effects for c, T, and Sin 

both halves. The F ratio for Eis less in the second 

half of the experiment ( Table 18, Table 19]~ 

3. Sign test. A different way of examining ear 

dominance is to class each Sas to whether he shows 

a right or left ear dominance. Ss who show no 

difference in either direction are disregarded by 

the analysis. A sign test was performed within ear 

stimulus conditions (Table 20). The results of this 

analysis were essentially the s ame as those obtained 

in the analysis by 1 test. The only significant ear 

difference was found within the musical stimulus 



Tab le 14 

Main Experiment 

Five Second I SI Group 

Analysis .of Variance: 

Number Correct in First Half of Experiment 

Source 

Ear ( E ) 

Stimulus 
Con d ition (C) 

ExC 

Subjects ( S ) 

ExS 

CxS 

ExCx S 

+ p ( . 05 
++ p( . 025 

p( . 001 +++ 

d f i"iS F 

1 25 . 0 4 . 85 + 

3 74 . 9 21 . 05++-+ 

3 12 . 38 3 .72++ 

31 7 . 68 

31 5 . 12 

93 3.54 

93 3 . 30 
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Tab le 15 

Main Experiment 

Five Second I SI Group 

Analysis of Variance: 

Number Correct in Second Half of Experiment 

Source df MS F 

Ear (E) 1 0 . 66 (1 

Stimulus 3 39 . 04 8 . 85++ + 
Condition (C) 

ExC 3 4 . 48 1 . 37 

Subj e cts ( s ) 31 13 . 59 

ExS 31 2 . 05 

CxS 9 3 4 . 40 

ExCxS 93 3 . 2 7 

+++ 
p( . 001 
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Tab le 1 6 

Main Experiment 

Twelve Second I SI Gr oup 

Analysis of Variance : 

Nu mber Corre c t in First Ha lf of Ex perime nt 

Sou rce df MS F 

Ear ( E ) 1 1 . 40 (1 

.S timulus 3 6 6 . 4 2 1 4 .34+++ 
Con d i tion ( C ) 

Exe 3 3 . 38 (1 

Subj ects ( s ) 31 13 .4 7 

ExS 31 7 . 83 

CxS 93 4 .63 

Ex CxS 93 4 . 02 

++ + p{ . 0 01 
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Table 17 

Main Experiment 

Twe lve Sec on d I SI Group 

Analysis of Variance: 

Number Correct in Se cond Half of Experiment 

Source df MS F 

Ear ( E ) 1 7.91 1.67 

Stimulus 3 55.64 10.21+++ 
Condition ( C) 

ExC 3 3 . 64 (1 

:::iubjec ts ( s ) 31 16 .60 

ExS 31 4.75 

CxS 93 5. 45 

ExCxS 93 3 . 90 

+++ p( . 001 
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Table 18 

Main Experiment: First Half 

Analysis of Variance: 

Me a n Response Times (Log Seconds) 

Source 

Time ( T) 

Sex ( s ) 

TxS 

error (b) 

Ear ( E) 

ExT 

ExS 

ExTxS 

error1 
Stimulus 
Condition (C) 

CxT 

CxS 

CxTxS 

e rror 2 

ExC 

ExCxT 

ExCxS 

ExCxTxS 

error3 

++ p( . 01 
p(.001 +++ 

df MS 

1 . 9193 

1 1 . 0132 

1 . 0002 

60 . 0811 

1 . 01 68 

1 . 0000 

1 . 0010 

1 . 0045 

60 . 0065 

3 1 . 3911 

3 . 0245 

3 . 0162 

3 . 0180 

18 0 . 0202 

3 . 0093 

3 . 0020 

3 . 0113 

3 . 0061 

180 . 0089 
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F 

11.34 ++ 

12 . 49 +++ 

(1 

2 . 59 

(1 

(1 

(1 

68 .. 96+ ++ 

1 . 21 

(1 

(1 

1 . 04 

(1 

1 . 27 

(1 



Table 19 

Main Experiment: Second Half 

Analysis of Variance: 

Mean Response Times (Log Seconds) 

Source 

Time (T) 

Sex ( s ) 

TxS 

error (b) 

Ear ( E ) 

ExT 

Ex.S 

ExTxS 

error1 

Stimulus 
Condition ( C) 

CxT 

CxS 

CxTxS 

error2 

Exe 

ExCxT 

ExCx S 

ExCxTxS 

error 3 

++ p(. ·01 
p ( . 001 +++ 

df MS 

1 . 7324 

1 1 . 3873 

1 . 09 8 3 

60 . 0958 

1 . 0231 

1 . 0012 

1 . 0061 

1 . 0054 

60 . 015 7 

3 1 . 3182 

3 . 0177 

3 . 0149 

3 . 0636 

180 . 0366 

3 . 0256 

3 . 0281 

3 . 0137 

3 . 0188 

180 . 01 68 

77 

F 

7 . 64+ + 

14 . 48+++ 

1 . 02 

1 . 4 7 

(1 

(1 

(1 

35 . 96+++ 

(1 

(1 

1. 73 

1 .52 

1. 67 

(1 

1 . 12 



78 

Tab le 20 

Main Experiment 

Sign Test : Ss with Left Ear Domi nance a 

Stimulus Condition 

Tone 
Music Timbre Rhythm Pattern 

Proportion . 68 . 42 . 43 . 61 

N b 60 55 58 56 

C 2 . 71 1 . 08 -. 92 1 . 4 7 z 

p( . 003 . 15 . 82 . 0 7 

a Domina nce defined b y l ef t ear minus right score 

of one or more . 

b Ss with left minus right=O were not inc luded 

in the a nalysis . 

c 1 tailed 



condition , where most Ss showed left ear dominance 

( p(. 005) . A maj ority of Ss (61 percent) showed 

left ear dominance in the tone pattern condition 

but this falls short of statistical significance 

(1 tailed Z=l - 47 p ( ,07) . 

IV . Discussion 

The first purpose of this study was to replicate 

the finding of a l ef t ear dominance for dichotica lly 

presented music and to investigate the generality of 

the phenomenon under experimental conditions not 

previously used . A second purpose of t he study was 

to indicate what components of music, if any , are 

critical in producing the f inding of a left e a r 

superiority . The effect of me mory on the differences 
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in recall be tween right and l ef t ears was also examined. 

Finally , response time was investigated as a potentially 

useful indicator of ear difference . 

A. Dependent Variable One (Numbe r Correct) 

1 . Stimulus c onditions. No s pecific predictions 

were made with rega r d to the effect of experimental 

conditions on overall level of performance . The 

d ifferences be tween various stimulus condit i ons in 

leve l of performance may be taken as an index of their 

difficulty . Considered in t h is way the stimuli in the 

order from leas t . to most difficult a re: timbre, music, 



rhythm, a nd tone pattern. Thi s ordering is found 

both under long and short I SI conditions. In the 

a b sence of a priori reason s for predicting different 

levels of difficulty for the different stimulus 

conditions, statistical tests between individual 

mean scores were not performed . 
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The relationships between the s timulus conditions 

in the two experimental g roups are shown graphically 

in Figure 1. This relationship ind icate s that the 

conditions are ordered according to de gree of f amili­

arity, with music and timbre being more familiar than 

pattern and rhythm. This explanation as s umes that 

even though the melodies themselves have not been 

heard before the y appear familiar t o the Ss since they 

are composed in traditional style a nd pe rformed on a 

commonly heard musical instrument. In a similar 

fashion the pipe organ can be considered as a familiar 

sound to most Ss even though the experience of judging 

continuous tones on this instrument is not. By 

compari s on, rhythm and tone patterns are quite unique . 

The stimuli for the tone patterning experiment we re 

selected randomly and as a result many of the "melodies" 

constructed were not musical in the sense of being 

commonly heard combinations of notes. For example, 

one~ described a tone pattern as "atonal electric 

music". The rhythmic patterns in this experiment were 
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quite unique and unfamiliar to the Ss. Even if a S 

were familiar with Morse code the experimental stimuli 

would not be recognized as a familiar pattern since 

stimuli were made up of tone and pulse intervals that 

varied in four rather than two time dimensions. It 

appears then that level of difficulty is related to 

stimulus familiarity , with music and timbre the most 

familiar stimuli and tone pattern and rhythm the least 

familiar . 

Another explanation for the obtained order of 

stimulus difficulty could be found according to the 

amount of information contained in them. Miller (1951) 

states that the amount of information in a sound wave 

is proportional to the du r ation of the signal , the 

range of the frequency components involved , and the 

logarithm of discriminable steps in amplitude . 3 

In this experiment mus ic contains the greatest 

number of discriminable steps in amplitude and has 

the greatest range of frequency components . The timbre 

stimuli have few amplitude changes but comprise many 

discriminable overtones . The tone patterns have no 

amplitude changes and contain a maximum of eight 

3 S+N Amount of Information= 2 TW log N ' where 

T = duration of signal , W = width of band of frequencies , 
S = maximum amplitude of the signal , N = the size of a 
discriminable difference in amplitude (Miller , 1951 , p . 45) . 
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frequencies , and the rhythm stimuli contain only two 

frequencies but have several on- off amplitude changes . 

All stimulus conditions have the same duration with 

the possible exception of rhythm which , unlike the 

other conditions, is not continuous . Following Mi l ler ' s 

definition of information , music and timbre would be 

expected to be the most discriminable stimuli and 

tone pattern and rhythm the least . 

The nature of scoring used in this experiment 

could have allowed fs to get spuriously high scores 

if a strategy of yes guessing had been adopted . The 

degree of yes guessing was estimated by calculating 

the mean number of false positive responses within 

each condition . The number of false positive responses 

varied widely from condition to condition and was 

always less than would be expected by random guessing4 

The fact that false positives varied widely and were 

based on repeated measures on the same Ss in each 

condition discounts the possibility that fs used a 

systematic strategy that would maximize their scores . 

2 . Time . The overall difference in performance 

l e vel between the long and short I SI groups is consistent 

4Mean number of false positive responses per ear 
are: music 4 . 7 , timbre 8 , rhythm 10 , tone pattern 8 . 5 . 
Means which fall below 11 . 9 are significantl y less 
than chance at the . 05 level of confidence . 
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with other experiments which find a decrement in 

performance following longer memory intervals (Woodworth 

& Schlosberg , 1955) . 

The major difference of interest between the two 

time groups lies in the fact that the predicted left 

ear dominance for music is found only in the group with 

the short I SI . This result is in the opposite direction 

from the prediction made in hypothesis five and will be 

discussed in conjunction with other findings regarding 

ear of pre sentation. 

3 . Ear of presentation . For ear of presentation 

a main effect favoring the left ear across all conditions 

in the short I SI group was obtained . However , because 

of the specific predict i ons made and because of the 

significant ExC interaction the differences between 

ears will be discussed separately within each stimulus 

condition . 

a . Hypothesis one . A statistically significant 

difference obta ined in the short ISI group supports 

the prediction of a left ear superiority in the 

recognition of dichotically presented music . This 

finding replicates Kimura (1964) and demonstrates that 

in normal right handed Ss opposite ear preference 

exists for the identification of verbal and musical 

stimuli . The demonstration of an ear difference 

using a motor rather than a spoken or sung response 
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discounts the likelihood of the ear asymmetry being 

response related and validates an experimental tech­

nique that provides more control over experimental 

variables than has been available in previous experi­

ments . No such d ifference was obtained with long ISis . 

This hypothesis is concerned with whether or not 

the re is a right hemisphere superiority in the identi­

ficati on of musical stimuli . It also pertains to the 

question of whether or not such a difference is due 

primarily to perceptual or memory processes . Kimura 

(19 61b) maintained that right ear dominance for words 

in a DLS situation was due to enhanced perception 

caused by the strong contralate ral signal arriving 

at the speech dominant hemisphere . Inglis (1965) 

suggested that the difference was not one of perception 

but rather one of selective retrieval from memory 

storage. The distinction between differences due to 

perception and those due to memory is somewhat 

artificial in an experimental situation since any 

identification response necessarily involves s ome 

memory component, albeit a brief one . However, 

perceptual influences can be usefully defined as 

differences occurring fo llowing very short ISis . 

. In this experiment the left ear preference effect 

is demonstrated after an ISI of 5 seconds but not after 

an I SI of 12 seconds. This suggests that if memory 



proces se s are involved in p r oducing e a r differences 

under dichotic conditions of presentation they are 
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most effective under rel a tively short spans of memory 

and are no longer operating with longer ISis . However , 

without knowing the degree of ear difference that 

occurs following still shorter I Sis (e . g ., less than 

1 second) the question of perceptual differences 

remains rather speculative . The question of memory 

process is examined more fully in the discussion of 

hypothesis five . 

b . Hypothesis two . The prediction that tone 

patterns would evoke left ear preference followed 

from the evide nce that right hemisphere damage creates 

a specific deficit in the recall of this type of 

stimulus (Milner , 1962). 

This hypothesis cannot be supported by the data 

in this experiment . It should be noted , however , 

that there is a moderately large observed ear difference 

in the predicted directi on (one tailed t test p( . 10; 

one tailed sign test p( . 07) . The overall level of 

performance on this test and the guessing rate as 

indicated by false positive responses show t h is to 

be a difficult test. This rai s es the possibility that 

a real ear difference has been obscured by task 

difficulty. 



Alternatively, for this particular stimulus a 

5 second interval may be t oo long to retain a memory 

trace. Egeth (19 6 7) has called attention to the lack 
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of data on auditory trace decay. He noted that visual 

trace decay is very rapid within the first half second . 

The Seashore tonal memory test used by Milner has an 

interval of less than 1 second between the stimulus 

patterns and the matching foils. In ligh t of the 

possibility of a rapid memory trace decay for musical 

stimuli , it might be possible that dichotic tone 

patterns of the type used in this experiment would 

show the hypothesized left ear d ominance had the 

recognition foils followed the dichotic stimuli by a 

much shorter interva l (i.e . , less than 1 second) . 

c. Hypothesis three . The predicted left ear 

superiority for the recognition of timbre was not 

demonstrated . This hypothesis was suggested by the 

deficit shown by Ss with right hemisphere damage 

(Milner , 1962). The observed differences, while not 

significant , are opposite in direction to the hypothesis . 

Simon (1967) sugge sted that under conditions of 

uncertainty ~s responded to pure tones more rapidly at 

the right ear than the left. He attributed this to 

an habitual expectancy favoring the right ear . It 

might be argued that , like pure tones, timbre stimuli 

a re relatively devoid of meaning and that ~s respond 
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wi t h similar expe c tancie s . 

Ne ithe r Milner's nor Simon ' s study is directly 

comparable to the pr esent one and under the circum­

stance s t he observed d ifference is best attribu ted to 

random v ariabil i ty . 

d . Hypothes is fou r . This hypothes is predicted 

there would be no significant di fference between righ t 

and left ears in the ide ntification of rhythmical 

patterns . Th i s hypothesis cannot be rejected . 

The d ichotic stimulus pairs in this t e st are not 

c ompl etely dichotic in the sense that they are both 

simultaneous and d ifferent . Al though the onse t of 

the pulse s was s i multaneous , offset of one me mbe r 

occurred before the o t her . Thus the difference in 

rhythmical patterning result s in the fac t that f or 

brief periods one ear i s rec e iving s timulation wh ile 

the other i s not . This difference may lessen t he 

stimulu s competition that the DL S technique attempts 

to achieve , s ince the sig nal from the ear still 

r e ceiving a pul se will be re pre sented bilaterally . 

Recentl y , Bakke r (1 96 7 , 1968 ) has shown that ~s 

ask ed to reproduce monotically pre sented Morse code 

like st imuli de monstrate a left ear s u periority . The 

apparent conf lict i n results betwee n the Bakker studies 

and the rhythm test i n this study may be due in part 

to differenc es in I SI . Bakker ' s Ss re sponded i mmedia t e ly . 



In light of Bakker's results this lack of 

competit i on , due to differences in offset time , is 

probably not critical . However , even if the stimuli 

are not conceived of as being in competition , the S 

must make and rec a ll a discrimination between two 

patterns rather than one , as in monotic presentation . 

The greater difficulty of this task may in part 

acc ount for differences between Bakker ' s results and 

those reported here . 
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e. Hypothesis five . This hypo thesis predicted 

greater performance differences between ears for the 

experimental g roup with the l ong ISis . The hypothesis 

is not supported by this experiment . Instead just the 

opposite appears to be the case . These results are 

pertinent to the question of whether ear superiority 

is primarily a result of perceptual or memory processes . 

Broadbent (1958) held that the~ could only attend 

to one stimulus at a tirne . When two simultaneous 

stimuli were presented , the stimulus attended passed 

directly into the usual sound processing system for 

short term memory and recall (p-system) and the 

unattended stimulus was shunted into an emergency 

storage system (s-system) where it was subject t o 

rapid memory trace decay. Broadbent held that Ss 

could not switch attention rapidly between input 

channels . Consequently , when pairs of stimul i were 



89 

p r esent ed rapidly ( one pair per ha l f second) the S d i d 

not switch attention between ears but maintained 

attention to one ear . Th is a ccounted f or the EOR . 

Rather t han EOR , Ki mu r a has empha s i zed the l ate r a l 

dominance shown by t he superior recall of v e r ba l 

st i muli presented to the righ t ea r over those pre sented 

to the left ear . Satz et al . (1 965 ) have shown tha t 

. both EOR a nd righ t ear pre ference occur and that these 

two mode ls for DLS a re compatible . Satz ' experiments 

show t ha t ea r di f feren c es in pe r formance a r e not 

usually present in the first half span of r e c a ll e d 

dig i ts . The appea rance of ea r domi nance in the most 

memory dependent part of the t es t s ugges ts that the 

st i mu li wh ich we r e presented to the righ t e a r are i n 

some way retained bet t er t h a n those pr esented at the 

left ear . 

Hypothesis fi v e was derived from Broadbent' s 

conceptualization of separa te memory processes fo r 

s i mu ltaneous st i muli . The nonattended , i . e ., non­

domi nant , ear was expected to show more rapid dec a y 

and hence a g reater ear d i f ference f oll owing the long 

I SI . 

There a r e t wo possib l e expl a nations f or the 

fa il ure of this e xpe riment to support this hypothesis . 

The first explanation a ss umes t hat the Broadbent memory 

mod e l is essentially correct bu t t hat the choice of 
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I Sis in this experiment was not an appropriate one . 

It ma y b e the case that 5 se c onds i s a long interval 

for t he retention of unfamiliar st i muli . By 12 

seconds the immediate memory tra ces from both e a rs 

h ave comp l ete ly dec ayed . Th i s mnemonic process model 

would predict that at 1 sec ond or les s the ear differ ­

ence s would be very s light . This woul d be c ons istent 

with the evidence from v e rba l DL S studies which s how 

lit t le ear di ff erence in the f irst d i g i ts reca lled . 

A sec ond explanation is provided by Kimura's 

(1 961b } a r gument that ea r differences are primar ily 

a perc eptua l phenomen on . This po s i tion implies a 

significa nt dif f erence between the ears at s hor t I Sis . 

Presuma b ly this difference would lessen rather t h an 

increas e a s the ISI g rows longer . With this mod e l it 

i s not necessary to make the a s sumption of two types 

of memory . These mode l s are compared graph i cally in 

Figure 4 . 

It c a n be s een t ha t either of t he se mode ls can 

a c c ount f or the results obtained in the present 

e xperiment a nd that the y make d ifferent and testable 

predict i ons about size of ear d ifference that would 

be obtained fol l owing an I SI of 1 second or less . 

The qu e s t ion of perce ption versus memory c anno t 

b e determined from the ava i lab le literatu re s ince I SI 

has not b e en control led in previous studies . In Kimura' s 
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(1 9 64) study using musical stimuli, the Ss t ask was to 

identify the two of four multiple choice foils which 

were t he same as the members of the dichotic pair . 

These stimuli were 4 seconds in length a nd separa ted 

b y a 3 s econd interval . The f i rst of the foils was 

presented 4 seconds after the dichotic pair . It can 

b e seen t ha t h e r Ss were r esponding to a last f oil 

t hat b e g an 29 seconds a f t e r initial stimulati on . The 

midpoint of the res ponse f o il sequence occurs 15 . 5 

seconds afte r t he d i ch0 tic stimuli. The demonstration 

of a left ear preferenc e under the s e circumstanc e s led 

to the selection of 5 and 12 second I Si s as the short 

and long rec a ll interva ls for this experiment . 

Following the present experiment's failure to 

demonstrate an ear difference at a 12 second ISI , a 

re-examination of Kimura's study suggests that the 

critical interval of reca ll in the Ki mura study may 

be less than it initially appeared . In each set of 

four multiple choice foils , the S knew that two of the 

foils were a repetition of the dichotic stimuli and 

two we re neutral foils . If the§ correctly identified 

the f irst of the four foils , the remaining three could 

be determined with a probab ility of . 67 . Thus it can 

be argued that the left ear superiority was due 

primarily to correct identification of the first foil 

presente d and th a t the remaining foils were identified 
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at a better t h an .5 probabi lity . If this is the case 

the critical responses in the Kimura study follow a 

4 second interval which i s comparable to the results 

obtained in the present experime nt . Unfortunately 

Kimura does not present an a nal ysis of her Ss ' res ponses 

on a per foi l basis . 

Milner's (1962) demonstration of a deficit on the 

tonal memor y tes t , hy pat i e nts a f ter right temporal 

lobectomy , occurred f ollowing a n ISI of le s s than 1 

second . Bakke r showed a left ear s uperiority in 

immediate r eproduction of code messages; however , the 

time between s timulus and respons e was not measured. 

Neither of these two studies employed DLS and so 

generalizations to dichotic music are tentative . 

They do suggest , however , t ha t a significant ear 

preference for music may be fo und f ollowing short I Sis. 

B. Dependent Variab le Two (Response Time) 

In the ana l ysis of dependent variable two, the 

length of time requi r ed for the S t o respond to the 

foil was taken as a n index of t he time necessary to 

recognize the stimu lus foi l. 

1. Hypothesis s ix . It was hypothesized t ha t 

response time would show re s ults parallel to those 

hypothe s ized for dependent v a riable one in hypothesis 

one through five . This hypothesis received only 

partial s upport . 



2. Sex, time, and stimulus condition . In this 

analysis males responded significantly more quickly 

than females . Even though this measure was not a 

motor reaction time measure in the traditional sense , 

this finding is consistant with studies of reaction 
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time (Woodworth & Sch losberg , 1955) which characteristi­

cally find males responding faster than females. 

Overall speed of response indicates the degree 

of difficulty inherent in individual stimulus condi­

tions . The order of conditions corresponds closely 

to that obtained with the number correct responses as 

dependent variable one. Timbre and mu s ic are identified 

more quickly, tone pattern and rhythm more slowly. 

The superiority of time one over time two parallels 

the findings of dependent variab le one . 

The above results support the proposition that 

dependent variable two is primarily an index of speed 

of recognition rather than motor reaction time, 

although the sex difference may in part be accounted 

by motor reaction time differences . 

3. Ear of presentation . The overall difference 

between ears is significant and in the predicted 

direction . The stimuli presented to the left ear were 

responded to more rapidly than those presented to the 

ri ght . This supports the hypothesis of left ear 

dominance. Failure to detect significant differences 
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within individual stimulus conditions does not allow 

more specific statements with regard to the ear effect 

within each of the stimulus conditions . 

I n this experiment r es pon se t i me did not prove 

to be as u s eful a variable in de tecting possible e ar 

differences as did the nu mber of correct identifications. 

However, the fact that a ma in effect for the ear factor 

was ob t a ined suggests that recognition time is a 

potentially u s eful variable. The s i gnifica nt ear 

difference is in the opposite direction from t hat 

obtained by Simon (19 6 7). This suggests that the 

time variable is no t reflecting auditory- motor 

reaction time . Since ~s were given no instructions 

t o re spond rapidly , it seems likely that the experi­

mental precision of response time as a variab le was 

reduced due to a n increase in subject variab ility. 

C. Attention 

First and second half analysis of the number of 

correct res pon ses sb ows t hat left ear preference in 

group one (short I SI) is present only in the f irst 

ha l f of the experiment . However , there is still a 

sig nific ant effect on level of performance attributable 

to the different stimulus conditions in the second 

half of g roup one. No ear effect is present in 

either half of g roup two (long I SI). 
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The two halves of the test represent the performance 

of the same persons on identical test items. The 

disappearance of the ear effect in the s econd half of 

the experiment suggests that attention is related to 

the production of e ar dominance in dichotic listening 

experiments. 

Treisman (1 968) has discussed the role of selective 

attention in the perception of dichotic speech . He r 

Ss were required to verbally shadow (i.e., repeat) a 

speech message being presented to one ear and , at the 

same time, to respond, by tapping , to certain key words 

in a speech message being presented t o the opposite 

e a r. Treisman f ound that ~s• tapping to target words 

presented at the right ear was better than at the left 

ear when t hese words were in the nonshadowed message. 

She further notes that Ss made more e rrors mainly f or 

nontarget words in the le f t ear message. Treisman 

(1968) interprets her findings in the following manner: 

"The ear asymmetry was shown only when Ss attention 

was focused on some other aspect of the task ." She 

concludes n · ••• right e a r dominance is primarily a 

quantitative difference in the distribution of 

attention to left and right e ar inputs (p. 139)." 

Simon (19 67) has al s o indicated tha t attention 

plays a part in the e f ficiency of auditory perception . 

Under c ondit i ons of uncertainty as to which ear would 
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be stimulated , ~s characteristically showed a right ear 

superiority in motor reaction time to a monotically 

presented tone. This superiority disappeared when ~s 

were informed in advance of the ear tobe stimulated . 

Simon postulates an ear expectancy to explain this 

finding . He suggests that ~s tend to "tune in" with 

their right ear and therefore react faster on trials 

where the stimulus source corresponds to their expectancy. 

The implication of an habitual set or tendency to attend 

to the right ear advanced by Simon is not consis t ent 

with the left ear dominance obtained in the present 

experiment unless one assumes with Treisman that an 

ear preference in the recognition of complex sounds 

occurs at the nonattended ear . 

These two studies are not directly comparable in 

as much as Treisman 's ~shad to respond to meaningful 

stimuli (words ) which requires cortical analyses 

whereas Simon's Ss were involved in nonmeaningful 

signal detection, which is a much simpler , and 

primarily subcortica l, task (Shankweiler, 1966)~ 

The experiments of Treisman and Si mon indicate, 

however, that selective attention is involved in 

producing an ear difference in response to auditory 

stimuli . It is not po s sible from the available 

evidence to say what part attention plays in the 

production of an ear preference in DLS . However, 
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attention appears to be a necessary if not sufficient 

conditions for the de monstration of left ear dominance 

for music. 



Chapter V 

Implications for Futu re Res e a rch 

The p r esent study raises questions concern i ng 
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the parts p l ayed by at tention and memory in the 

production of left ear superiority in t he recognition 

of musical stimuli . 

A . Interstimulu s Interval 

In prev ious studies employing DLS , the length of 

the interval between stimulus and response has not 

been controlled . The u sual expe r i mental me thod requires 

S t o ve rball y i de n t ify the stimuli when he is ready . 

This length of time has not been measured . Ve r bal DL S 

experiments indicate that the e a r difference appears 

in the most memory dependent portion of the st imulus 

recall (Satz et al ., 19 65) . The stimuli used ( spoken 

digits ) have a high deg ree of famil iarity a nd are 

presented in groups of three pairs or mor e . This 

stimulus paradigm typically pr oduce s an ear order 

effect . Thus with verbal stimuli it appe a rs that 

ear di ffer e nce s i ncrea s e with length of recall 

interval . 

It wa s pointed out in the previous c hapter that 

the e a r di f ferences obtained following the shor t ISis 

could be equall y well explained by ei ther of t wo 

theoretical models which generate opposite predication s 



for intervals shorter than 5 s econds . 

The results of the present study considered with 

the findings of Milner (19 62) a nd Bakker (1967 , 1968 ) 

indicate that for music the shorter I SI may produce 

g reater ear difference . If this hypothesis were 

c onfirmed i t would indicate that the different ear 

preference f or verbal and musical stimuli was related 

to different mnemonic and perceptual processes as 
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well . The solution to the qu e st ion of whe t her ear 

superiority is due primaril y t o perc~ptual or mnemonic 

processes or to an interaction of the proces s es can 

be a pproa ched by s ys t ematic ally v ary i ng the leng th of 

the I SI from less t hat 1 second to more than 5 seconds . 

This experimental manipul~tion of ISI should be 

done with musical stimuli such as used in the present 

experiment in order to establish the nature of the 

interval of recall on this particular stimulus . In 

addition it would be reasonable to use tone patterns 

and social sounds as dichotic stimuli . With bo th of 

these stimuli there is reason to believe that the failure 

to obtain significant ear differences in the experiments 

reported above was due to I Sis which were too long . 

B. Attention 

The failure to find significant ear differences 

in the second h a lf of the experiment in the short ISI 



group indicates that attention is a factor that 

influences ear dominance . The classical study of 

Hernandez-Peon (1 956 ) with unanesthetized cats has 

demonstrated that increased attention to another 
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sense mode , i . e ., tactile , visual or olfactory , can 

inhibit e voked electrical potential s to audi tory 

stimuli . A similar phenomenon has been demonstrated 

with human Ss . Hernandez - Peon and Donoso (1 957 ) 

found that evoked potentials to visual stimuli were 

inhibited by r equiring the~ to pe rform menta l arith ­

metic and t hat the more difficult the problem the 

greater the inhibition . Grossman (1967) notes tha t 

the findi ng of suppression of auditory input by 

attention is typically present only under conditions 

of ar,ousal as indicated by EEG . 

In considering the effect of attention upon the 

production of ear preference in DLS it might be 

speculated that there is a selective suppress i on of 

auditory input from one ear . If this were the case 

it could be argued that the ear d ifferences in DLS 

experiments are in part due to differences in perceived 

l oudness . This hypothesis could be readily tested 

using standard psychophysical methods for match ing 

the intensities of two stimuli. 
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C . Methodology 

The present study has shown that the ear differe nce 

in DLS c a n be obtained in the absence of an articulated 

res ponse , a nd in a way offering exact c ontrol over the 

time of the recall inte r v al . This technique could be 

usefully e mployed in DL S studies using verbal stimuli . 

In comparing the l atera l asymmetries in the perception 

of words and music , v e r y d ifferent experimenta l 

methods have b e e n used and the stimuli involved h ave 

di f fer e d great ly in familiarity. To eliminate 

differences in d iscriminibility b etween words a nd 

mu sic it would be possib le to create a set of st imu li 

which were equally discriminable , e . g ., 50 percent of 

the time . This c ould be done by manipulating the 

backg round noise level f or word s or by se lectively 

cutting speech fre quencies out of the s t i mul i. 

The notion of a b ilateral functiona l asymmetry 

for words and music would b e more compelling if the 

phenome non were demonstr ated under identical experi­

mental cond itions , wi th f amiliarity a nd discrimin­

ability controlled . 
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Appendix A 

University of Victoria 
Neurops ycholog y Laboratory 

Research Subject Information 

Na me: Age: Sex: 

A. Do you have normal hearing in both 
ears so far as you know? Yes No 

B. 1 With which hand do you write?. Right Left Both 

2 With which hand do you use a 
scissors? Ri ght Left Both 

3 With which hand do you use a 
screwdriver ? Right Left Both 

4 With which hand do you throw 
a ball? Ri ght Left Both 

5 In baseball , do you bat right -
handed or left - handed ? Right Left Both 

6 With which hand do you use a 
hammer? Right Left Both 

7 With which hand do you use a 
needle in sewing? Ri ght Left Both 

8 With which hand do you usually 
c a r ry b ooks ? Right Left Both 

9 With which hand do you usually 
carry a sui tease ?. Ri ght Left Both 

10 With which h a nd do you hold 
the toothbrush whe n b rushing 
your teeth ? Right Left Both 

c . This research will take about 30 minu t es of your t i me 
on each of four different days . 

1 . Woul d you be wi lling to come to the University 
Psychology Laboratories during the following 
t i mes : 

9 - 12 a . m. Yes No 

1 - 5 p . m. Yes No 

5 - 10 p . m. Yes No 

2 . Do you h ave your own transportation for la te r 
afternoon or eve ning when schoo l is out: 
( If not , t r a ns portation will be provided ) 

Yes No 
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Appendix B 

The timbre selections were made up of the 

following c ombinations of stops . 

1. Trumpet 8 1 

2. Rohrfl~te 8 1 

3. Gemshorn 8 1 and Quintaton 16' 

4. Diapason 8' and Spitzfl~te 4' 

5. Diapason 8 1 , Octave 4 ', and IV Fourniture 1 1/3' 

6. Gemshorn 8 1 , Spitzfl~te 4', and Superoctave 2 1 

7. Choir 16', Blockfl~te 4 ', and Krummhorn 8' 

8 . Hautbois 8 1 and Octavin 4' 

9 . Swell 16', Corde Nuit 8 1 , and Octave 4' 

10. Viole de Ga mbe 8', Plein Jeu 4 ', and Nazard 2 2/3' 

11. Schalmei 4' and IV Mixture 2 2/3' 

12. Choral bass 8', Frincipal 4', and IV Mixture 2 2/3' 

13. Nachthorn 8 1 and Schalmei 4 ' 

14. Nachthorn 8 1 , Schalmei 4 ', and IV Mixture 2 2/3' 

15. Oboe 8 1 and Echo 4' 

16. Erzahler 8 1 , Sesqui Altera 2 2/3', and 

III Cymbal 1/2' 

17. Erzahler 8 1 , Koppelfl~te 4 ', Quintfl~te 1 1/3' 

18. Erzahler 8 ', II Sesqui Altera 2 2/3', Quintflate 

1 1/3', and III Cymbal 1/2' 

19. Choir 16', Erzahler 8 1 , II Sesqui Altera 2 2/3', 

Quintf~~te 1 1/3', and III Cymbal 1/2' 

20 . Trumpet 8 1 , Spitzfl~te 4' , and IV Fourniture 1 1/3' 
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21 . Trumpet 8 ', Superoctave 2', and IV Fourniture 1 1/3' 

22 . Hautbois 8' , Octave 4 ', Nazare 2 2/3', IV Plein Jeu l' 

23 . Swel l to Grea t 8' , Trumpet 8 1 , Trompet te 8 ', 

Gemshorn 8 ', Nazard 2 2/3 ', IV Fourniture 1 1/3', 

IV Ple in Jeu l' 

24. Trompette 8 ', Gemshorn 8 ', Nazard 2 2/3', 

IV Fourniture 1 1/3', IV Plein J e u l ', (Swell to 

Great 8 ') 

25 . Hautbois 8 ', Bas son 1 6 ', Flute Harmonique 4' 



APPENDIX C 

SENSORY-ACOUSTIC AREA 

11111 MOTOR-ACOUSTIC AREA 

ffl PSYCHO- ACOUSTIC AREA 

·~ 
... '"""'lool,;ca:c•t:1111 Jal 9,." J;lu.i..;11,•-

111 

..::..'.'. 

, 37- f-\ 

Kleist'g (1928) auditory cortical areas. Area numbering according 
to Brodmann (1914). Taken from Spreen et al. (1965). 
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APPENDIX D 

Lateral lemniscus 
and nucleus ----

Cochlear nucleus 
dorsal 

ventral 

MEDIAL 
GENICULATE 

-- INFERIOR 
COLLICULUS 

t-:---Short acoustic 
trac1s (ref lex) 

Th f • 11 ll f e of erent ocoust,c pathways. The order o each neuron 
is identi f ied by o number. Taken from Davis (1951). 
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APPENDIX E 

Pi lot Experiment: Number Correct 

Response Mode 

Subject Words Pictures Sounds 
Number 

Ri ght Left Righ t Left Right Left 
ear ear ear ear ear ear 

1 8 4 6 9 9 7 

2 7 9 8 10 10 14 

3 10 11 10 9 12 11 

4 12 lI 11 13 14 11 

5 6 7 8 12 10 12 

6 11 12 11 10 13 12 

7 11 8 7 9 10 IO 
8 10 8 12 8 10 11 

9 13 13 10 9 14 14 

10 11 10 8 11 8 11 

11 10 10 11 10 13 12 

12 6 7 8 8 13 9 

13 3 8 7 10 10 11 

14 7 7 11 11 13 11 

15 12 11 11 9 13 8 

1 6 5 8 6 4 8 13 

17 9 10 11 9 12 10 

18 5 4 5 7 7 5 
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Appendix F 

Main Experiment: Number Correct 

5 Second I SI 

s Mus ic Timbre Rhythm Tone Pattern 

Ri ght Left Ri ght Left Right Left Right Left 
ear ear ear ear ea: r ear ear ear 

1 20 15 17 20 1 6 18 1 4 15 

2 22 12 22 22 18 18 20 14 

3 24 18 20 16 15 17 23 15 

4 21 17 16 22 14 9 16 17 

5 21 24 21 23 22 23 17 20 

6 24 14 19 20 20 18 19 15 

7 1 5 17 21 19 18 19 15 15 

8 21 15 21 18 8 13 19 16 

9 21 19 22 21 20 20 16 18 

10 16 15 17 13 19 14 17 17 

11 22 18 20 20 16 15 9 8 

12 11 19 15 17 12 9 8 11 

13 21 18 16 19 17 16 12 8 

14 18 7 20 21 14 1 6 9 14 

15 15 15 22 22 22 19 15 21 

1 6 1 4 7 1 3 21 13 11 16 8 

17 1 6 7 19 23 13 11 11 1 4 

18 21 20 20 22 17 19 19 18 

19 24 22 22 19 20 1 6 21 17 

20 23 19 22 24 18 19 20 16 

21 21 21 24 24 15 19 18 17 

22 21 20 20 19 18 21 10 15 

23 23 21 18 17 1 6 19 17 15 

24 15 17 24 22 16 21 15 12 

25 14 20 18 1 6 24 22 15 14 

26 20 22 24 24 14 19 15 19 
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27 21 14 15 18 21 17 10 10 

28 20 15 17 1 4 16 18 13 13 

29 23 21 17 19 20 20 18 18 

30 20 15 16 19 20 15 22 16 

31 15 17 1 6 17 17 17 1 6 15 

32 22 24 21 23 20 19 16 10 

12 Second I SI 

33 21 19 23 23 13 19 17 13 

34 21 18 20 20 15 14 16 8 

35 20 13 22 18 20 22 18 15 

36 21 17 18 20 16 16 19 18 

37 15 15 20 23 9 11 8 5 
38 6 8 12 12 14 17 22 22 

39 14 12 10 12 5 9 6 9 

40 15 17 13 1 6 1 2 19 12 11 

41 22 20 16 20 14 17 11 14 

42 15 13 10 15 12 15 7 8 

43 19 22 22 18 19 15 20 16 

44 1 6 11 1 6 19 12 16 15 14 

45 2 4 1 4 10 1 2 8 13 8 

46 1 3 12 21 1 6 12 18 16 15 

47 21 19 23 21 1 6 15 18 15 

48 14 13 14 11 13 8 13 10 

49 18 15 20 20 12 20 18 18 

50 13 13 1 3 15 14 12 19 14 

51 20 1 2 20 22 18 15 13 15 

52 8 14 1 6 17 14 10 8 15 

53 18 17 21 18 13 19 11 14 

54 14 20 18 8 11 17 2 13 

55 5 13 22 23 9 13 12 12 

56 22 15 18 20 1 2 18 6 12 
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5 7 20 19 1 2 19 1 6 12 14 13 

58 24 18 20 19 19 21 19 13 

59 21 17 22 1 9 14 16 14 16 

60 3 24 23 19 9 18 1 20 

61 16 12 18 16 18 11 14 9 

62 5 1 9 16 18 10 20 9 10 

63 11 1 4 14 1 6 12 9 11 10 

64 7 10 18 19 15 15 11 15 

Note - Ss 1 - 16 and 33 - 48 are female . 

Ss 17- 32 and 49 - 64 are male . 
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Appendix G 

Main Experiment: 5 Second ISI 

Res ponse Time (Log Seconds) 

s Music Timbre Rhythm Tone Pattern 

Ri ght Left Ri ght Left Righ t Left Ri gh t Left 
ear e ar ear ear ear ear ear ear 

1 1 . 864 1 . 86 7 1 . 924 1 . 9 59 • 1 . 90 2 1 . 896 2 . 072 2 . 079 

2 1 . 912 1 . 9 05 1 . 933 1 . 9 37 2 . 000 1. 949 1. 906 1 . 929 

3 1. 8 10 1 . 96 3 1.915 1 . 777 2 . 213 2 . 233 1 . 8 12 1 . 920 

4 1 . 8 24 1 . 95 3 1 . 760 1 . 8 52 2 . 296 2 . 1 84 1 . 710 1 . 9 29 

5 1 . 95 7 1 . 8 39 1 . 813 1 . 8 1 6 2 . 035 2 . 108 1 . 909 1 . 88 0 

6 1 . 904 2 ... 039 1 . 88 7 1 . 8 29 2 . 187 2.219 2 . 0 32 2 . 050 

7 1 . 86 7 1 . 944 1 . 8 08 1 . 892 2 . 1 77 2 . 189 2 . 02 8 2 . 133 

8 1 . 957 1 . 926 1 . 8 32 I . 8 26 2 . 258 2.151 1 . 454 1 . 48 2 

9 2 . 055 1 . 978 1 . 900 1 . 977 2.100 2 . 1 4 0 2 . 203 2 .,117 

10 1 . 8 76 1 . 9 11 1 ... 783 1 . 823 1 . 98 0 2 . 046 2 .. 104 1 . 912 

11 1.775 1 . 94 0 1.472 1 . 4 35 2.12 6 2 . 184 2 . ,08 8 1 . 963 

1 2 2 . 111 1 . 984 1 . 772 1 . 78 5 2 . 1'68 2 . 220 1 . 901 2 . 040 

13 1 . 753 1 . 8 1 6 1 . 954 1 . 954 2 . 171 2 . 116 1 . 844 1 . 8 39 

1 4 1 . 963 1 . 999 1 . 778 1 . 756 2 . 059 2 . 041 1 . 8 15 1 . 8 78 

15 2 . 088 1 . 985 1 . 795 1 . 82 1 1 . 98 6 1 . 905 1 . 942 1 . 914 

16 2 . 027 2 . 08 8 1 . 957 1 . 908 2 . 135 2 . 253 2 .. 08 7 2.128 

17 1 . 86 7 2 . 123 1 . 1 66 1 . 227 1 . 95 2 1 . 884 1 . 8 36 1.898 

18 1 . 797 1 . 984 1. 8 48 1 . 746 2 . 119 2 . 166 1 . 936 1 . 906 

1 9 1.748 1 . 8 31 1 . 75 3 1 . 6 77 2.009 2 . 045 1 . 688 1 . 88 7 

20 1 . 732 1 . 950 1 . 221 1.200 1 . 74 4 1 . 847 1 . 603 1 . 732 

21 1 . 411 1 . 401 1 . 256 1 . 272 1 . 855 1 . 8 29 1.641 1 . 71 7 

22 1 . 80 0 1 . 69 0 1 . 532 1 . 595 1. 930 2.011 1 . 892 1.845 

23 1 . 8 21 1 . 85 0 1 . 89 3 1 . 836 2 . 001 1 . 959 1. 4 56 1.59 7 

24 1 . 80 3 1 . 785 1 . 754 1 . 78 2 1 . 90 4 1.930 1 . 85 0 1 . 883 

25 1 . 9 30 1 . 911 1 . 95 6 2 . 128 2.135 2.159 2 . 115 2 . 106 

2 6 1 . 84 5 1 . 836 1 . 466 1 . 511 2 . 031 1 . 995 1 . 878 1 . 751 



11 8 

2 7 2 . 111 1 . 96 0 1 . 78 7 1 . 8 03 1 . 968 2 . 043 2 . 109 2 . 202 

28 1 . 652 1.739 1 . 5 71 1 . 541 1 . 9 75 1 . 9 05 1 . 98 5 1 . 855 

29 1 . 78 0 1. 845 1 . 946 1 . 9 0 5 2 . 001 1 . 9 62 1 . 6 73 1 . 692 

30 1 . 6 73 1 .703 1 . 62 1 1 . 73 2 1 . 8 02 1. 91 7 1 . 735 1 . 775 

31 1 . 95 7 2 . 0 6 0 1 . 765 1 . 9 2 0 2 . 09 7 2 . 1 25 1 . 967 1 . 884 

32 1 . 9 36 1 . 852 1 . 923 1 . 93 9 1.82 6 1. 861 1 . 995 1. 926 

Main Expe riment: 12 Second I SI 

33 1 . 64 1 1 . 813 1 . 66 0 1 . 575 2 . 050 2 . 048 1 . 96 2 1 . 93 4 

34 1 . 77 5 1 .714 1 . 86 7 1 . 76 6 2 . 08 7 2 . 168 1 . 866 2 . 09 7 

35 1 . 9 39 2 . 086 1 . 688 1 . 615 2 . 1 72 2 . 158 2 . 071 2 . 029 

36 1 . 86 1 1 . 9 95 2 . 03 6 1 . 98 2 2 . 204 2 . 2 70 2 . 048 2 . 05 7 

3 7 2 . 046 1 . 923 1 . 904 1 . 69 0 2 . 28 3 2 . 24 5 2 . 037 2 . 23 3 

38 2 . 39 5 2 . 20 4 2 . 38 1 2 . 4 01 2 . 371 2 . 371 2 . 018 1 . 9 24 

39 1 . 917 2 . 1 0 3 1 . 848 1 . 611 2 . 0 6 3 2 . 12 3 2 . 201 2 . 226 

40 2 . 033 1 . 98 6 2 . 041 1 . 9 29 1 . 966 2 . 106 2 . 19 9 2 . 1 66 

41 1 . 8 79 1 . 9 04 2 . 099 1 . 84 2 2 . 230 2 . 03 7 1 . 91 2 2 .0 62 

4 2 1 . 9 06 2 . 003 2 . 0 6 7 1 . 8 3 3 2 . 27 3 2 . 1 46 1 . 896 2 . 032 

4 3 1 . 9 0 6 1 . 927 1 . 759 1 . 8 73 2 . 23 6 2 . 281 2 . 033 1 . 9 20 

44 2 . 086 2 . 0 26 1 . 64 3 1 .782 2 . 18 9 2 . 0 29 1 . 9 18 2 . 040 

45 1 . 51 4 2 . 237 1 . 946 1 . 79 7 2 . 28 3 2 . 2 71 2 . 059 2 . 202 

4 6 2 . 96 7 2 . 28 4 1 . 8 73 1 . 89 9 2 . 171 2 . 1 76 2. 0 66 2 . 003 

4 7 1 . 9 70 1 . 9 29 1 . 812 1 . 8 3 6 2 . 08 7 2 . 1 79 1 . 950 1. 94 2 

48 2 . 370 2 . 28 8 2 . 379 2 .48 0 2 . 199 2 . 51 4 2 . 159 2 . 089 

49 1 . 8 23 1 . 8 70 1 . 49 3 1 . 59 1 2 . 235 1 . 963 1 . 861 1 . 8 05 

5 0 2 . 018 2 . 1 8 5 1 . 55 6 1. 669 2 . 091 1 . 96 3 1 . 91 2 1 . 9 30 

51 1 . 923 1 . 964 1 . 8 19 1 . 896 2 . 263 2 . 1 66 2 . 12 6 1 . 957 

52 2 . 40 6 2. 312 2 . 33 7 2 . 1 6 6 2 . 373 2 . 407 2 . 251 2 . 235 

53 1 . 8 26 1 . 73 3 1 . 541 1 . 649 1 . 9 08 1 . 85 5 1 . 679 1 . 74 2 

54 1 . 756 1 . 5 79 1 . 686 1 . 635 1 . 98 5 1 . 9 28 1 .705 1 .724 

5 5 1 . 9 24 1 . 95 0 1 . 8 69 1 . 888 2 . 2 77 2 . 1 51 2 . 00 6 2 . 020 

56 1 . 8 32 2 . 084 1 . 78 0 1 . 869 2 . 12 2 2 . 09 7 1 . 981 2 . 02 0 

5 7 1 . 732 1 . 826 1 . 78 3 1 . 8 18 2 . 001 2 . 044 1 . 83 1 1 . 8 5 6 
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58 1 . 797 1 . 8 05 1 . 772 1 .721 2 . 041 2 . 004 1 . 761 1 . 887 

59 1 . 730 1 . 82 0 1 . 940 1 . 908 2 . 063 2 . 123 1 . 967 1 . 982 

60 1 . 946 1 .787 1 . 852 1 . 881 2 . 21 7 1. 995 1 . 428 1 . 924 

61 1 . 890 1 . 944 1. 918 1 . 855 1. 988 1. 926 2 . 049 2 . 03 7 

62 1. 912 1 . 853 1 . 973 1 . 8 75 1 . 936 1 . 949 2 . 108 2 . 036 

63 1.966 1 . 942 1 . 970 2 . 129 2 . 274 2 . 304 2 . 032 1. 805 

64 1 . 898 1. 902 2 . 000 1. 986 2 .046 2 . 084 1 . 785 1. 89 0 

Note - Ss 1-16 and 33 - 48 are fema l e . 
Ss 17- 32 and 49 - 64 are ma l e . 
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