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ABSTRACT 

Twenty- four right handed female college students were 

presented with dichotic verbal sounds and twenty- four right 

handed female college students were presented with dichotic 

non- language sounds . Followi ng the dichotic presentation 

~s were required to identify from a group of monaural 

recognition foils those sounds which had been presented 

dichotically . On half of the trials the ~s were required to 

recognize first the sound which had been presented to the 

left ear and then recognize the sound which had been 

presented to the right ear . On the remaining trial s this 

procedure was reversed . The dependent measure was the 

number of correctly recognized sounds . Those Ss presented 

with verbal sounds showed a right ear preference when 

recognition was required soon after presentation (mean , 

approximately eleven seconds) . ~his right ear preference 

was also shown when sounds were identified lat er (mean , 

approximately twenty- five seconds) following the preceding 

recognition of left ear stimuli . These data are interpreted 

as reflecting dominant perceptual and memory capacity of the 

left hemisphere as compared to the right hemisphere . Those 

~s presented with non- l anguage sounds showed no evidence 

for either a right or left hemisphere dominance in the 

perception or retention of these non- l anguage sounds . 

(ii) 



Rather it was found that the Ss recognized mor e sounds to 

the ear to which sounds were first presented (both l eft and 

right) than the ear to which sounds were present ed for 

storage . This experiment does not support a model whi ch 

predicts a bilatera l asymmetry of auditory function . It is 

concluded that both cerebral hemispheres participate to an 

equal extent in the perception and memory of these complex 

non- language sounds and . t hat compared to verbal sounds , 

these non- language sounds are not as effici ent ly entered 

i nto short term memory . 
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Introduction 

Dichotic Listening: A General Introduction 

Dichotic stimulation refers to the s i multaneous 

presentation of two different sounds t o the l eft and right 

ears (Lickl ider , 1951) . This is contrasted with diotic and 

binaural stimulation . Diotic stimulation refers to t he 

present ation of the same stimulus to both ears . With 

binaural stimul ation one stimulus is also presented to both 

ears . However , unlike dio t ic stimulation, there may be 

phase or intensity differences at the two ears . Monotic 

stimul ation on the other hand refers to t he presentation 

of a stimul us to only one ear . 

The dichotic listening procedure has been used as a 

technique for studying attention , verbal learning , auditory 

memory and , perhaps most extensively, asymmetry of brain 

function . In this review emphasis will be focused on the 

l atter category. The prime interest of thi s writer is to 

explore those studies in which the dichotic listening 

procedure has been used to develop models of auditory 

perception and memory of the left and right hemispheres in 

man . Also included is a discussion of Broadbent ' s storage 

model along with some recent criticisms and modifications of 

that model, Kimura ' s perceptual model along with a recent 

modification of that model, auditory asymmetry and 



handedness , and auditory asymmetry under conditions of 

monaural stimulation. In the development of the hypotheses 

which deal with auditory perception and memory of the l eft 

and right hemi sphere the issue of recognition versus recall 

will be discussed . 

2 

Broadbent ' s storage model . Broadbent (1954) , i n an 

early application of t he dichotic listening procedure , 

noticed t hat when subjects (§s) were presented wi th a series 

of spoken digits, three to each ear a t a rate of one pair 

per half second , they tended to respond by reporting all the 

digits presented to one ear followed by the digits presented 

to the other ear . This phenomenon has been referred to as 

the ear order of report (EOR) . Broadbent further noticed 

that when the interval was increased to one second between 

dichotic pairs the § ·was able to respond in the temporal 

order of digit presentation, i . e . left ear- right ear- l eft 

ear- right ear or vice versa . However, when the digits were 

presented with r apid alternation between the left and right 

ears , i . e . not dichotically, t he EOR was not noted . 

Broadbent concluded that the ability to remember dichotically 

presented information is more difficult than the ability to 

remember monotically presented information and suggested 

that this may be due to perceptual confusion rather than to 

an actual failure of memory . Further research into t he EOR 

phenomenon led Broadbent (1956) to conclude that the loss of 

efficiency of memory recall with the dichotic listening 
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procedure i s not in storage but rather in the reception of 

informa tion a t t he two ears . Information enters 

s i multaneously a t the left and r i ght ears but is verbally 

responded to successively. Such a process implied to 

Broadbent a storage or delay system. 

These findings led Broadbent (1958) to formulate a 

storage deficit model to account for the EOR phenomenon . 

This model holds tha t under r a pid rates of dichotic 

presenta tion , such as two pairs per second , £Swill show an 

EOR since it appeared to be the most efficient strategy when 

Ss cannot rapidly alterna te a ttention between the two ears . 

With sl ower rates of dichotic presentation , such as one pair 

per second , the tempora l order of report strategy wi ll be 

employed . In t he EOR condition Ss will process all the 

information presented to one ear . Broadbent called t his 

t he p- system. Information presented simultaneously to t he 

other ear is shunted into a short term store by a fi l ter 

mechanism. Broadbent referred to this store a s t he s - system 

which may be conceptualized as short term memory . After all 

t he information in the p- system is processed , the 

i nformation in t he s - system is retrieved for processing. 

Broadbent a rgued tha t the s - system is used anytime the 

p- system is already full . Because of the r a pid decay of 

short term memory it is corrµnon to find more errors in the 

delayed s - sys tem than in the p- syst em. 

Recent criti cisms of Broadbent ' s model : In contradic tion 
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to the data presented by Broadbent (1958) , Emmerich , 

Goldenbaum, Hayden , Hoffman , and Treffets ( 1965) present 

data which show that Ss who switched from one channel to 

another a t a rate of two pairs per second did better than Ss 

who did not switch . Considering these data Emmerich et al . 

argue that Broadbent ' s model needs to be modi fied in order 

to take into account the S' s ability to make use of a 

relatively permanent memory system when materi al facilitating 

meaningful associa tions was employed as the dichotic 

stimulus . This study used one syllable words which formed 

sentences when perceived temporally . However , Bartz , Satz , 

Fennell , and Lally (1967) have pointed to serious problems 

within the Emmerich et al . study which included using a male 

voice on one channel and a female voice on t he other 

channel , telling the Ss that if the female voice of the 

first dichotic pair was recorded first some of the answers 

would form sentences , and allowing ~s to write their 

responses . Bartz et al . argue that any one of these 

features was capable of biasing the Ss ' responses . 

Implicit in Broadbent ' s storage deficit model i s the 

assumption that under rapid rates of dichotic presentation 

the EOR occurs . Kimura (1961b) has criticized this position 

and argues that her data suggest that the predicted EOR 

seldom occurs . Unfortunately , neither Broadbent nor Kimura 

have reported the EOR frequencies . Satz, Achenbach , 

Pattishall , and Fennell ( 1965) attempted to provide an 
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estimate of the frequency of the EOR . Using three pairs of 

digits they found that EOR effect occurred 76 . 42% of the 

time . These data were interpreted as providing considerable 

support for Broadbent' s model and refuting Kimura ' s position 

that the EOR seldom occurs . In a second experiment reported 

in the same paper Satz et al . observed that if task 

difficulty was increased (e . g . by using four pairs of 

digits) there was a tendency for the EOR to decrease . 

The model developed by Broadbent is a memory model and 

i s offered as an explanation of why errors occur in short 

term memory. Recent researchers such as Trei sman (1960), 

Treisman and Geffen (1964 , 1968) , Triesman and Riley (1 967) , 

and Deutsch and Deutsch (196 3 ) have offered various 

modifications of Broadbent ' s model but t hese subsequent 

modifications s till leave a memory model which says little 

about lateral differences . As the primary i nterest of the 

present study concerns lateral differences i n audi tory 

perception and memory, attention is t urned to Kimura ' s 

perceptual model . 

Ki mura's perceptual model . The dichotic listening 

procedur e has perhaps been most extensively used as a 

techni que for s tudyi ng functional brain asymmetry . 

Ki mura (1961 a ) first noted that the recall of digits 

presented to the ear contralateral to the si te of t emporal 

lobectomy was more impaired followi ng removal of the left 

temporal lobe than fol lowing removal of the right temporal 



lobe . Prior to surgery however, fs recalled more digits 

from the right ear than from the left ear regardless of the 

site of a lesi on . In a group of normal Ss Kimura (1961b) 

6 

also found a right ear preference . Kimura states tha t for 

most people the l eft hemisphere is dominant for speech and 

that the contralateral ear is superior in speech recognition . 

Wada and Rasmussen (1960) have demonstrated tha t by 

injecting sodium amytal into the internal carotid artery on 

one side it is possible to temporarily disrupt the functions 

of that hemisphere . By using what has become referred to as 

the Wada Test, Kimura (1961b) was able to locate the speech 

dominant hemisphere and concluded that when speech was 

represented in the left hemisphere the right ear was 

preferred and tha t the left ear is preferred when the right 

hemisphere was speech dominant . Kimura has argued that her 

findings are independent of handedness . Kimura further 

argues that since she was unable to demonstrate any ear 

asymmetry under conditions of monaural stimulation both the 

contralateral and ipsilateral pathways from the ear must be 

very efficient in normal Ss . Therefore she holds that the 

ear asymmetry will only be observed in brain damaged cases 

or in a stimulus competition situation such as the one 

provided by the dichotic listening task . 

The model developed by Kimura is a perceptual model . 

It holds that under conditions of dichotic stimulation there 

is an enhanced perception for information presented to the 



ear contralateral to the s peech dominant hemisphere which, 

for most £S , is the left hemisphere . Kimura ' s perceptual 

model i s based on perceptual inequalities between the left 

and right hemispheres with the left hemisphere dominant for 

speech perception. Inglis (1962) has rejected the 

7 

perceptual model offered by Kimura and offers an alternati ve 

which is consistent with Broadbent ' s theory . This model 

emphasizes storage rather than perceptual asymmetry . Inglis 

(1968) compared order of report to the perceptual asymmetry 

phenomenon. The Ss were tested with the dichoti c l i steni ng 

procedure under three different conditions : free recall , 

recall order specified before presentation , and recall order 

specified after presentation. This study employed several 

age groups and Inglis found tha t there was a significant 

decrement in the material recalled second regardless of 

whether it was originally presented to the left or right ear . 

Considering these dat a Ingl is argues tha t even though there 

is a laterality effect i n the dichotic listening situation 

the order of report is the major source of vari ation. 

The role of the left hemisphere in speech percepti on is 

well documented in the litera ture (Meyer & Yates , 1955 ; 

Milner , 1958) . Milner , Taylor , and Sperry (1968) examined a 

group of patients who had undergone complete commissural 

section . These patients were only able to respond to speech 

information that reached the dominant left hemisphere . They 

were unable to identify objects fl ashed to the left eye or 



8 

palmed with the left hand and in a dichotic listening 

presentation of digits there was near compl ete suppressi on 

by the left hemisphere of inputs from the left ear . Under 

monaural stimulation conditions , however , they were able to 

respond to left ear inputs suggesting that ipsila ter al 

pathways can be utilized but not under conditions of dichotic 

stimulation. This provides further support for the notion 

of speech dominant hemisphere a s well as f or the importance 

of contralateral auditory pathways . 

Sparks and Geschwind (1968) have presented extensive 

dichotic listening test information on a patient who had 

undergone a complete section of the neocortical commissures . 

Several different types of dichotic verbal stimuli were 

administered under a wide range of conditions such as 

attenuation of signal strength to one of the channels and 

filtering of the signal to one of the channels . Sparks and 

Geschwind ' s findings were similar to those of Milner et al . 

(1968) . They found that under all dichotic listening 

conditions there was almost complete suppression of 

information presented to the left ear . When Sparks and 

Ge schwind compared the performance of thei r patient to t hat 

of a group of patients who had suffered extensi ve damage 

of the right temporal regions , they found tha t the pa tient 

with section of the neocortical commissures was considerably 

inferior on the dichotic listening tasks . As with the 

Milner et al . study , this paper supports the role of 
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the contralateral pathways i n auditory perception and the 

notion that the l eft hemi sphere i s speech dominant . 

The notion of a speech dominant hemisphere implies t hat 

there are qualitative differences between the two 

hemi spher es . Ge schwi nd and Levitsky (1968 ) have shown that 

there a re also quantita tive differences . In an examination 

of 100 human brains they found tha t in 65% of the cases the 

planum temporal e behind Heschl ' s gyrus was larger on the 

left side , on the right s ide i n 22% of the cases , and 24% of 

the cases the two hemispheres were equal . Geschwind and 

Levitsky note that this finding i s consistent with the 

finding t hat the left sylvi an fissure i s longer than the 

right . These data are consistent with a model based on 

perceptual inequalities since Heschl ' s gyrus contains the 

primary auditory cortex while the planum temporale contains 

t he auditory association area which constitutes Werni ckes 

area . 

Gazzaniga and Hillyard (1971) explored the l anguage and 

speech capacities of t he right hemisphere . Patients who had 

undergone a complete section of the neocortical commissures 

served as Ss as it was possible to present material solely 

to one hemi sphere . Verbal material was f lashed to the right 

hemi sphere and t he Ss were asked to identify or r espond in 

vari ous ways to characteristic s of the s timulus . The 

gener al findi ng was that t he right hemisphere is capable of 

recogni zing noun objects, but could not comprehend verbs or 
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respond to printed commands . The authors note t hat in the 

more complex semantic syntactic sphere there appears to be 

no ability of the right hemisphere to recognize either the 

relations between subjects , verb , and object , the future 

versus the present tense , or the s i ngular versus the plural 

case . They did note, however, that the r i ght hemi sphere has 

the ability to determi ne whether an action sequence i s 

properly represented by an affi rmati ve or negative statement . 

Gazzaniga and Hillyard conclude that whi le the extent and 

exact nature of verbal structure processing in the r ight 

hemisphere i s unknown those capacities which are present are 

very pri mitive . In terms of speech production thei r data 

suggest that t he r i ght hemi sphere is not capable of 

producing speech. 

Kimura ' s (1 961a) contenti on that the cont ralateral 

pathways are in some way more effici ent than the ipsilateral 

pathways is well grounded in physiological research wi th 

animals . Rosenweig (1 951 ) in his studies with cats noted 

that the audi tor y system is arranged in such a manner that 

each ear has neural projections to both hemispheres . 

However , more neural units are stimulated by contral ateral 

sti mulation . Si mi larly Hall and Goldstei n (1 968 ) , also 

usi ng cats , have demonstrated that t he cortical 

representati on of an auditory s t imulus ( tone bur sts , noise 

bursts , and cli cks ) presented to only one ear is greater in 

the contralateral than the ipsil ateral hemisphere . 
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Considering the fact that no detectable differences in 

duration have been demonstrated in these studies , the 

asymmetries that have been observed in dichotic listening 

studies must be due to the greater number of contralateral 

impulses stimulating the dominant left hemisphere . At some 

point within the auditory transmission system, it might be 

speculated that the contralateral and ipsilateral pathways 

overlap and at this point the more potent contralateral 

pathways occlude the ipsila teral pathways thus a chieving 

greater cortica l representation. To Ki mura , occlusion 

appears to refer to the suppression of one set of afferents 

by another . Kimura (1 967 , 1968) argues t hat this occlusion 

situation is ideally demonstrated in the dichotic listening 

task . More speci f ically Kimura holds that the observed 

asymmetries in the dichotic l istening task are a resul t of 

the contralateral pathways from the r ight ear occluding the 

ipsilateral pathways from the left ear . This position 

reaffirms her earlier assertion (Kimura , 1963a) that a 

competition s ituation such as provided by the dichotic 

listening t ask is essential to demonstrate ear asymmetry . 

A recent modification of Kimura 1 s model : Sparks , 

Goodglass , and Nickel ( 1970) used real words and digits in a 

di chotic listening experiment with both l eft and right brain 

damaged patients . These authors suggest that the proposed 

competition from the contralateral right ear and the 
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ipsilateral left ear is sufficient to account for the 

effects of a left hemisphere lesion. Sparks , et al . note 

however that Kimura ' s (1961a , 1961b) explanation could not 

account for impaired speech perception when the i mpairment 

was confined to the right hemisphere . To explain the 

deficit in speech perception following damage to t he right 

hemisphere they argue that Kimura ' s perceptual model would 

have to be expanded to include the non- language hemi sphere 

and the commissural fibers which return informati on to each 

temporal lobe from the i psilateral ear . Basic to this 

argument are the assumptions that under dichotic listening 

conditions contralateral inputs completely suppress 

ipsilateral inputs and that the competiti on for language 

perception and report occurs within the dominant left 

hemisphere . Thus , as distinct from Kimura 1 s explanation, 

the competition proposed by Sparks et a l . is between the 

contralateral pathways from the right ear which takes the 

direct route to the left hemisphere and the contralat eral 

pathway from the left ear which takes a direct route to the 

right hemisphere and must then follow the transcall osal 

pathway to the left hemisphere . 

In the Sparks et al . study both the right and left 

brain i njured patients showed impaired performance on the 

words and digits presented to the ear contralateral to the 

site of the lesion. However , patients with lesions in the 

left hemisphere also showed an impaired performance for 
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material presented to the ear ipsilateral to the site of the 

lesion but to a lesser extent . Consi dering these data the 

authors suggested that the contralateral fiber s connect with 

the primary sensory areas while the callosal fibers connect 

with the association areas . Consistent with this extension 

of Kimura ' s perceptual model, a l esion in the right 

hemisphere will impair performance from the left ear but the 

preferred right ear will be unaffected . Similarly a lesion 

in the left hemisphere will impair the contralateral right 

ear if the primary sensory area or the association area i s 

affected . However , if the transcallosal pathway is also 

affected by the lesion then the ipsila teral ear will be 

affected . Following this model only a left hemisphere 

lesion can impair both contralateral and ipsilateral inputs 

in the perception of speech sounds . 

In the Sparks and Geschwind (1968) paper discussed 

above there was a near complete suppression of information 

presented to the left ear following section of the 

neocortical com.missures . As in the Sparks et al . study, 

Sparks and Geschwind argue that the contralateral pathways 

are of primary importance under conditions of di chotic 

stimulation . Interestingly however, these authors found 

that with practice and strong instructions to the S to 

attend to his left ear he was able to recall some of the 

material presented to the left ear . This suggests that , 

under certai n conditions in the di chotic listening 



14 

situation, the left temporal lobe may acquire the ability to 

separate messages arriving via the weaker ipsilateral 

pathways . 

Asymmetry of Brain Function : The Left and Right Hemisphere 

In the preceding sections the dichotic listening 

procedure has been explained as a technique for studying 

auditory memory and attention and functional brain asymmetry. 

Two models have been offered : Broadbent ' s memory model and 

Kimura 1 s perceptual asymmetry model . In the sections to 

follow, a closer examination will be provided of the 

conditions under which this asymmetry has been observed . 

Discussion will be provided of the stimulus materials used, 

strategies of Ss in dichotic listening situations , and 

researchers 1 interpreta tions of their findings . In data 

interpretation, most researchers discuss their f i ndings 

within the framework of one of the two models described 

above or in terms of a modification of one of the models . 

In general, however , it will be concluded that the bulk of 

the evidence of s tudies of functional brain asymmetry i s 

best explained by Kimura 1 s perceptual model or a 

modification of that model . 

The left hemisphere . In Kimura 1 s research discussed 

above (Kimura, 1961a , 1961b, 1963a) all £S were permitted 

free recall , i . e. they could recall the dichotically 

presented digits in any manner they preferred . Since Ss 

reported more digits presented to the right ear than to the 
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left, Kimura developed her perceptual model which emphasi zes 

the role of the left hemisphere in speech perception and the 

superiority of the contrala teral audi tor y pathways . In the 

section which follows studi es wi ll be c.i ted in which report 

strategies were manipul ated with various t ypes of verbal 

stimuli . 

Report strategies and stimul us materi als : Ingli s (1962 , 

1968 ) as noted above has rejected Kimura ' s posi tion and 

holds that order of report is the primary variable in 

dichotic listening. Bryden (1963) has confi rmed Kimura ' s 

finding of a right ear preference for dichoti cally 

presented digi ts and further noted t hat ~s preferred the EOR 

with the right ear reported first . It will be recalled from 

the Satz et al . study (1965) discussed above that Ss 

employed the EOR 76 . 42% of the time . Bryden (1 963) a l so 

attempted to evaluate the eff ects of order by instructing Ss 

to r eport each ear first equally oft en . Given this 

manipulation Bryden found that the r i ght ear preference still 

held . That is , the right ear was preferred regardless of 

whether it was used as the i mmediate recall channel or the 

storage channel . Bryden interpreted these data as 

reflecting true perceptual differences between the left and 

right hemisphere specific to verbal material . In a 

subsequent paper however , Bryden ' s active support for the 

perceptual model was questioned (Bryden, 1964) . Three 

experiments were reported and Bryden noted that Ss used the 
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the task is difficult enough to produce errors on the 

immediate channel . Bryden rejects the Inglis hypothesis 

which holds tha t ear order effects were due to memory rather 

than perceptual deficits . 

In addition to attempting to provide an answer to the 

question of how often the EOR i s employed Satz et a l . (1965) 

were also interested i n investigating the effect of delayed 

recall under instructed order of r eport and the relationship 

between degree of asymmetry and amount of s timulus 

i nformation . The Ss were te s ted with four sets of dichotic 

digits and were instructed to report all the digits from one 

ear foll owed by all the digits f~om the second ear . The 

left and right ears were reported first an equal number of 

times . In addition to finding a right ear preference Satz 

et al . noted that when information presented to the right 

ear was to be s tored for later recall there were 

s ignificantly fewer errors t han when informa t i on presented 

to the left ear was to be s tored for later recall . When the 

number of dichotic pairs was increased from four to s ix , 

Satz et al . found that the f ' s tendency to use t he EOR 

decreased but the laterality eff ect was greatly increased . 

In the majority of s tudies r eported thus far the 

stimulus m~terial has consisted of di gits . Di rks (1963 ) 

u sed real words , filtered words as well as digits in both a 

monaural and dichotic listening test . Under the monaural 

conditions t here were no significant differences between the 
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left and right ears . Under the dichotic listening condition 

however , the right ear was preferred for all three types of 

words . Dirks , like Kimura , argues that in order to 

demonstrate ear asymmetries there must be competition 

between the contralateral and ipsilateral pathways . 

Bartz et al . (1 967) presented Ss with digits , two 

syllable words such as "able 11 in which one syllable was 

presented to each ear and by itself did not form a 

meaningful word and , two syllable words such as "football " 

in which one syl lable was presented to each ear and did 

constitute a meaningful word . I n all three conditions Ss 

tended to employ the EOR rather than report in temporal 

sequences even though meaningful associations did exist 

between the words . As with the previ ous studies cited the 

right ear was preferred for all three types of words and 

Bartz et a l . support the perceptual model . These data 

however are at variance with Bryden ' s (1 964) earlier 

contention that verbal associations between the sti muli can 

influence the £'S recall strat egy . 

Borkowski , Spreen and Stutz ( 1965) found that when 

dichotic pairs are cons tructed of words that have been 

previously rated on an abstractness- concreteness continuum, 

words that are more concrete are more efficiently recalled 

by the right ear . Consistent with the studi es by Br yden , 

Satz et al ., and Bartz et al . report ed aboye, Borkowski et 

al . also noted that the right ear is preferred as the storage 
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channel in situations where the Ss are asked to recall from 

the left channel first . 

Curry and Rutherford (1 967 ) compared t he effect of 

using meaningful words , nonsense words and function words 

(conjunctions and prepositions such as : if , so, and the) in 

a dichotic listening task administered to the same Ss . 

Total recall of both ears was superior for the function 

words with the nonsense words being recalled least 

efficiently. For all three types of words Ss showed a right 

ear preference , however , the function words which were 

recalled most easily produced the smal lest amount of ear 

asymmetry. Gerber and Goldman (1971) used synthetic 

nonsense speech sounds and compared S' s performance under 

three different recall conditions . The three conditions 

were : free recall , ordered recall (~s i nstructed which ear 

to report before stimulus presentation) and ordered after 

recall (~s inst ructed which ear to report af ter stimulus 

presentation) . As with the above studies , t he aut hors 

reported a right ear preference for all three recall 

conditions . Gerber and Goldman also confirmed the Borkowski 

et al . , Bartz et al . , Satz et al . , and Bryden finding that 

the right ear is preferred to the left when used as the 

storage channel . The right ear preference for nonsense 

words has also been confirmed by Shankweiler and Studdert­

Kennedy (1 967) , Kimura (1 967 ), Spellacy and Blumstein (1970a , 

1970b) , and Studdert- Kennedy and Shankweiler (1970) . 



20 

Consistent with these findings of a right ear preference 

for nonsense words i s Kimura and Folb ' s (1968) findi ng of a 

right ear preference for b~ckwards speech sounds . These 

data suggest t hat such variables as conceptual content , 

familiarity , and meaningfulness are not of critical 

importance i n eliciting a r i ght ear preference in dichotic 

l i s t ening. 

I n a recent paper Goodglass and Peck (1 972) examined 

the ear order r eport in normal and pathological f s in a 

dichotic listening s tudy . The pathological groups were 

Korsakoff alcoholi cs and non- Korsakoff alcoholics . The 

stimulus material consisted of nouns r ated as to 

abstr actness , asso ciation value , and pronounceabi l i ty . All 

£S were required to r eport the l eft ear fir s t followed by 

the r igh t on half of the trials and t he r i ght ear firs t on 

the rema i ning half . For all groups t he right ear 

performance was significantly better than t he left and as 

expect ed the Korsakoff f s were cons iderably inferior to 

normal Ss . The non- Korsakoff alcoholic Ss were slightly 

bett er than the Korsakoff Ss . Perhaps the major finding of 

this s tudy i s t hat for all three groups t h e right ear was 

consider ably better than the left ear when informa tion 

present ed to t he right ear was to be s tored . This finding 

i s consistent with previous studi es . Goodglass and Peck 

support Sparks et al . and Sparks and Geschwi nd ' s 

modification of Kimura ' s perceptual model . Thi s 
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modification , it is recalled , h olds that under conditions of 

dichotic stimulation it i s the contralat er a l pathways from 

both ears t hat are employed in the transmission of verbal 

informa tion to the l eft hemisphere . The information 

presented to the r ight ear travels directly to the left 

hemisphere while the informa tion presented to the left ear 

travels to the right hemisphere and must then cross t he 

corpus callosum to t he left hemisphere . Applying this 

reasoning to t heir data , Goodglass and Peck offer a first 

explanation for the right ea r preference when informa tion 

presented to t he right ear is to be stored . Stimuli 

presented to t he right ear are immediately transmitted to 

the left hemisphere where they may be coded for storage in 

a r elatively stabl e form and consequently remain more 

ava ilable for report after the left ear i nforma tion has been 

reported . Goodglass and Peck are not clear in discussing 

what happens when t h e left ear signal is to be stored , 

however several possible interpreta tions may be considered . 

First , the left ear signal may be stored in the right 

hemisphere at a level of coding very close to echoic memory 

and may consequently be subject to r api d decay . It will be 

recalled from Gazzaniga and Hillyard (1971 ) t hat the right 

hemisphere has limited language skills . A second 

explanation may be tha t the ex~ra synaptic a ctivity 

invol ved in crossing the corpus ca llosum results in a 

degradation of the signal s o tha t it is stored l ess 
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efficiently in t he left hemisphere than are those arriving 

directly f rom t he right ear . Third , there may be some 

qualitative differences in codi ng and storage mechani sms for 

information arriving in the pri mary receivi ng area f r om the 

right ear as opposed to i nformation arriving in t he 

association area from the l eft ear via callosal pathways . 

As a final explanation i t may be that the process of 

verbalization inv olved i n the S ' s report i n some way 

differentially impairs s i gnal s t o be s t or ed by t he left as 

opposed to those s t ored by the r i ght ear . Br yden (1 971 ) has 

discussed some of these possibil i ties in a paper examining 

the effects of reporting the a ttended versus the unatt ended 

ear first . While Bryden di d no t dis cuss di fferences between 

the left and right ears he did note t hat mani pulation of 

report had a more decremental effect on the a ttended ear 

than on the unattended ear . 

Goodglass and Peck offer a second possible explanati on 

for the finding that the right ear was preferred to the left 

when infor mation presented to t he r i ght must be stored . 

They suggest that pre- instruct ing Ss to report one s i de 

first results i n different attention levels in t he two ears , 

with a hei ghtening of attenti on to the ear of firs t report . 

If this were the case then the observed lateral di spari ty 

might reflect a differential ability t o register infor mat ion 

when the right as opposed to the l eft ear is rel ativel y 

unattended as opposed to a di f f erential memory l oss . As a 
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test for t hi s possibility Goodglass and Peck suggest tha t Ss 

be ins tructed which ear to report fir s t after presentation 

of the dichotic pair . It will be recal led from the Gerber 

and Goldman s tudy however , t hat an order after conditi on was 

i ncluded as well as an order before condi tion . In tha t 

study no s i gnificant differences were found between the two 

report conditions . Thus, it would seem tha t Goodglass and 

Peck ' s firs t interpre t a tion is more tenable . 

The development of right ear asymmetry : In an a ttempt 

to determine at what age funct i onal brain asymmetry develops 

Kimura (1963b) te s ted four and five year old boys and girls 

with the dichotic listening procedure . At thi s young age 

both boys and girls showed a right ear superiorit y and there 

were no apparent sex differences . However , in a replication 

study with culturally disadvantaged chil dr en , Ki mura ( 1967) 

not ed that boys l agged behind girls in the development of 

speech asymmetry. Thi s lag di sappeared a t an early age . 

Ki mura a ttributed this finding to the normal developmental 

l ag of boys as compared to girls and concluded that the left 

hemisphere i s dominant for speech at a very early age . 

Using children ages five , s ix , seven , and eight in a 

dichotic listening tes t with digits , Knox and Kimura ( 1970) 

found a right ear preference. for all age groups . No sex 

differences were found . In a second and third experiment 

using children of t he same age groups thes e authors found 

t hat the r ight ear advantage sti ll held when two non- verbal 
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methods of report were empl oyed . The non- verbal methods 

included pointi ng to pictures of the dichotically presented 

words and placing objects on pictures where both the objects 

and the pictures constituted the verbal dichotic stimuli . 

As with their first experiment no sex differences were found 

nor did it make any difference whether the Ss used their 

right or left hand to perform the task . A right ear 

preference i n children for speech material has also been 

demonstrated by Bakker (1 967 , 1968, 1969 , 1970) . 

Using the same concrete- abstract continuum for real 

words, as discussed above in the Borkowski et al . study, 

Jones and Spreen (1 967) tested retarded children. As in the 

Borkowski et al . study , Jones and Spreen found a right ear 

preference and noted that concrete words were more 

efficiently recalled by both ears . These authors concluded 

that ear preference does not vary as a function of mental 

age or chronological age . Li ke Kimura and D.irks , they also 

stressed the necessity of having competition to demonstrate 

ear asymmetry . 

Bryden and Allard (1973) acknowledge that the dichotic 

listening studies with children indicate that there is some 

lateralization of verbal function at a very early age . 

However, these authors argue that it is not clear to what 

extent the ear differences found in children are as universal 

as those found in adults . Because the above cited studies 

have employed free recall , Bryden and Allard suggest that i t 
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i s difficult to determine whether the ear advant age observed 

with children reflects perceptual differences or a ttentional 

report , or memory biases irrelevant to cerebral speech 

lateralizati on . These authors cite s ome of their own data 

in which nat ural speech consonant vowel (CV) syllables 

di ffering only i n initial stop consonants were presented to 

boys and girls from ages s ix to fourteen . In tha t study 

girls showed a laterality effect by grade four (a pproximately 

age nine to ten) while the boys l agged considerably behind . 

I n contras t to the dat a presented by Knox and Kimura , and 

Kimura , Bryden and Alla rd argue that their dat a indica te a 

gradual development of cerebra l l a teraliza tion approximating 

the adult s tate by approximately age fourteen . This 

position , they suggest , i s consistent with Lenneberg ' s 

contention that speech i s a biological function and , as such , 

i s subject to the ma tura tion of t he bra i n in much the same 

way as growt h and devel opment . 

In the s tudies r eported above, a right ea r preference 

has been demonstra t ed for digits , real wor ds , filt ered words , 

nonsense words , synthetically produced speech s ounds , and 

backwards speech under a wide range of conditions and with 

very different types of £S• I t seems reasonable to conclude 

that the right ear preference for these language s ounds i s 

a r esult of t he increased efficiency of the contralater a l 

auditory pathways and the well documented role of the left 

hemi sphere i n t he processi ng of l anguage materi a l . 
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The right hemisphere . The preceding section has dealt 

with the dominant role of the left hemisphere and the right 

ear in the perception and memory of speech related sounds . 

In the next section attention is directed towards the role 

of the right hemisphere in auditory perception and memory . 

Milner (1962 ) noted that following the removal of t he 

right tempora l lobe , performance scores on t he Timbre and 

Tonal Memory subtests of the Seashore Measures of Musical 

Talents were seriously depressed . Kimura ( 1964) 

hypothesized that if damage to the left temporal lobe 

impaired language recall and damage to the right hemisphere 

i mpaired tone performance , then normal Ss should demonstrate 

a left ear preference for melodies under conditions of 

dichotic stimulation. In a dichotic l i stening experi ment 

composed of both digits and melodies administered to the 

same £S, Kimura ( 1964) found a right ear preference for 

digits and a left ear preference for music . Kimura states 

that differences between the l eft and right asymmetries 

appeared to be along a verbal-non- verbal continuum and, 

among non- verbal sounds , music is effective in eliciting a 

left ear preference . Kimura (1967) has further argued that 

even familiar melodic patterns are best recognized by the 

left ear , therefore familiarity is not a critical fea ture in 

this hemispheric specialization. Rather , she suggest s that 

the critical feature along the verbal- non- verbal conti nuum, 

which served to distinguish speech from non speech sounds , 
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are related to articulability . The impl ication from these 

dat a is tha t t he observed asymmetry for music depends on 

some areas of the brain beyond Hes chl ' s gyrus , probably 

direct pro j ections to the surrounding superior t emporal 

gyrus and the posterior insular gyrus on the same side 

(Kimura , 1967) . Kimura ( 1964 , 1967 , 1968) has offered the 

same evidence for the observed right hemispheric dominance 

for music as she does for t he left hemispheric dominance for 

speech , namely perceptual inequality ; the contral a teral 

auditory pa thways from the l eft ear occlude the ips i lateral 

pathways to t he music dominant hemisphere (which in most ~s 

is the right hemi sphere ) . 

Shankweiler (1966) administered t h e digits and melodies 

dichotic listening t apes empl oyed by Kimura (1961b , 1964) to 

a group of left brain damaged patients and to a group of 

right brain damaged patients . Shankweiler found t hat the 

efficiency with which the patients responded to the dichoti c 

stimuli varied as a function of the s ide of the l esion and 

the nature of the s timulus material . The perception of 

dichotically presented melodies was selectively impaired by 

r igh t t emporal damage while perception of dichotically 

presented digits was selectively impaired by left temporal 

damage . However , those with damage to t he left tempor a l 

l obe showed better melodic recognition through t he left ear , 

like normal control ~s , while those with right temporal 
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damage showed a reversal , by being more efficient with the 

right ear . On the digits test the left brain injured 

patients still retained a right ear preference . Considering 

these data , Shankweiler postulates that the lateral 

dominance for verbal materi al may be more stable than t he 

lateral dominance for musical stimuli . Shankweiler further 

suggests that his data support a hypothesis of a division of 

function between the two cerebral hemispheres along a 

verbal- non- verbal continuum . 

In a study s imilar to the Shankweiler paper , Schulhoff 

and Goodglass (.1969) admini stered a dichoti c music , digits 

and clicks test to normal £S, right brain injured, and 

aphasic left brain injured pati ents . Of primary interest i n 

this study were the laterality effect and the lesion effect . 

In addition , order of report was controlled for all types of 

stimulus materials . As expected , normal ~s showed a right 

ear preference for digits , a l eft ear preference for tonal 

patterns , and counted clicks equally wel l with either ear . 

The patients with right temporal injury showed a unila teral 

decrement for digits presented to the left ear and a 

bilateral decrement for tonal sequences . The left ear 

preference for the tonal patterns was maintained in the 

right brain injury group . The left brai n i n jured patients , 

on the other hand , showed a unilateral right ear decrement 

for the tonal patterns and a severe bilateral decrement for 

digits . The normal r i ght ear preference for digits , as 
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found with normal Ss , dropped to a non- significant margin. 

Furthermore the authornnoted that six of their ten left 

brain injured patients showed a reversal in ear preference . 

Both the brain injured groups showed an equal impairment in 

the click counting tasks with the ear contralateral to the 

lesion significantly inferior to the ipsilateral lesion. 

In considering the laterality effect Schulhoff and 

Goodglass note that it has two manifestations . With normal 

Ss it takes the form of report preference for information 

presented to the ear contralateral to the hemi sphere 

domi nant for the given material . In brai n injured patients 

the laterality effect manifests itself in a bilateral 

decrement i n performance in material for which the damaged 

hemisphere is dominant . The lesion effect , on the other 

hand , manifests itself by a deficit in the ear contralateral 

to the injured hemisphere regardless of which hemisphere is 

dominant for the given material . Schulhoff ·and Goodglass 

also note t hat there is an i nteraction between the lesion 

and laterality effect . Injury to the right hemisphere tends 

to widen the margin of preference of the normally superior 

ear . However , injury to the left hemisphere decreases the 

margin of preference of the normally preferred ear and 

frequently reverses the direction of ear preference . 

Similarly, in a brief review paper on laterality effects in 

dichotic listening studi es , Satz (1 968 ) argues that the 

right hemisphere is dominant for auditory pattern 
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discrimination . 

Components of music and other non- language stimuli : 

Curry (1967) tested normal ~s with three different dichotic 

listening tests : meaningful words, nonsense words and 

environmental sounds (e . g . a car starting or a toilet 

flushing) . Curry suggested that this last task was 

essentially non- verbal in nature . As expected the right ear 

was preferred for both the verbal tasks while the left ear 

was prefecred for the environmental sounds . Curry suggested 

that these data support the notion that there are different 

neurophysiological mechanisms involved in the processing of 

auditory stimuli in the two hemi spheres . 

Bakker (1 967 , 1968, 1970) in a monaural test used Morse 

code type sound patterns generated by a buzzer and found a 

left ear preference for these non- language stimuli . Murphy 

and Venables (1 970) have suggested tha t the primary role of 

the right hemisphere is concerned with pitch analysis . 

Using a signal detection analysis they found a left ear 

preference for the fusion of two clicks . This left ear 

preference was accentuated when the opposite ear was 

presented with a burst of white noise . 

Spellacy (1970), using the dichotic listening procedure, 

attempted to isolate components of music which might 

contribute to the left ear preference . The dichotic 

stimuli consisted of music , temporal patterns , frequency 

patterns , and timbre . The Ss were tested by means of 
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recognition after five seconds or after twelve seconds . 

While the frequency patterns , temporal patterns , and timbre 

failed to achieve significance, the music stimuli were 

highly significant . Of more interest however , was the time 

interval. Spellacy had hypothesized that if the storage 

model held , the twelve second interval should reveal more 

asymmetry . On the other hand , he suggested that if the 

perceptual model was appropriate , the shorter interval 

should reveal greater asymmetry . The left ear preference 

was highly significant at the five second interval but not 

at the longer interval . Spell acy concluded that the 

perceptual model which does not imply two different types of 

memory best fit his data . 

Spreen , Spellacy, and Reid (1970) exami ned the effects 

of high and low intensity in a di chotic listening test with 

music and tonal patterns . In addition to the left ear 

preference for music they noted that recogniti on scores for 

musical stimuli were signi ficantly higher than for tonal 

patterns . These authors confirmed Spell acy ' s (1970) finding 

that the size of the difference between the ears for music 

and tonal patterns decreased with an increase in the length 

of the time interval . These data were accepted as providing 

further support for the perceptual model . No s i gnificant 

differences between the two levels of intensity were 

reported . 

Gordon (1970) administered three dichotic listening 
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tests to a group of normal ~s . The three tests i ncluded a 

di gits test , a melodies test generated by a recorder , and a 

chords test generated by an electric organ. The melodies 

test was a whistle- l ike tone largely devoid of timbre and 

chordal vari a tion whil e the chords test was rich in 

overtones for timbre quality . Gordon found a right ear 

non- significant preference f or digit recall . On the 

melodies t est there were no differences between t he ears 

wit h bot h the left and the right ear performing cons iderably 

above chance level . On t he chords test however , the l eft 

ear was significant l y preferred to the r ight ear with the 

right ear performing barely at chance level . Considering 

these data , particularly t he failure to observe ear 

asymmetri es on the melodies tes t, Gordon suggest s that the 

lack of preference - is due primarily to the rhythmic aspects 

of the stimuli r a t her t han to any qualitative pitch 

differences . Thus , the equal performance of the two ears on 

the melodies t est suggest s a bilaterality of rhythmic 

funct ion . The vari ations of the melodic line and t he 

compl ex pattern of pitches produced by t he chords , however , 

resulted in a significant l eft ear preference . Gordon 

concludes that while there i s bila t eral ity of function for 

rhythm , di scri mi nati on of the complex pattern demanded by 

the chords test are t hose features which are most l ikely 

lateral ized to t he r ight hemisphere . These dat a are 

consistent with t hose presented above by Spellacy (1 970 ) and 
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Spreen, Spellacy and Reid ( 1970) where the left ear 

preference was found only wi th musical stimuli . 

In a study similar to Gordon ' s , Spellacy and Blumstein 

(1970c) presented ~s with speech sounds and two types of 

non- language sounds : music and sound effects . Unli ke 

previous di chotic listening studies in which non- language 

stimuli were used , the music and sound effects stimuli used 

in the Spellacy and Blumstei n study were created by a human 

voice . A signifi cant right ear preferencev was observed 

when Ss were presented with the speech sound . However , 

when ~s were presented wit h the non-language sounds a left 

ear preference was observed only for the music and not the 

sound effects . Of p-3,rticular interest i n this study was the 

f indi ng that the left ear .preference i n t he music test was 

not due to an increase i n performance of the left ear but to 

a decrease in performance of the right ear when compared t o 

the speech conditi on . 

Recently King and Kimura (1972) presented Ss with a 

dichotic listening music test in which a human voi ce was used 

as the stimulus source . The different groups of ~s were 

presented with two di fferent dichotic listening test s . One 

of the tests employed hummed concert melodi c patterns by a 

young woman , the other t est used human emot ional sounds such 

as laughing or crying. On both tests Ss showed a 

significant left ear preference suggesting to King and Ki mura 

that the right hemi sphere i s primarily i nvol ved in 
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processing these non- verbal stimuli which however were 

produced by human voices . These data support the 

interpretations and provide replication for the above cited 

Spellacy and Blumstein paper . King and Kimura further argue 

that these data are considered to support a division of 

function between the two hemispheres along a verbal- non­

verbal continuum. 

The development of left ear preference : In the Knox 

and Kimura (1970) study cited above with children ages five 

to eight , a non- verbal dichotic listening task was also 

employed . The non- verbal stimuli were the same 

environmental sounds used in the study cited above by Curry 

(1967) . In the first experiment reported in t h i s paper 

(Knox & Kimura , 1970 ) the left ear was preferred to the right 

for all age and sex groups ; Furthermore , boys of all ages 

had a significantly higher combined left and right ear score 

than did girls . In the second experiment the reported left 

ear preference was again noted for all age and sex groups 

except the five year old girls . No apparent sex differences 

were noted . When animal sounds were introduced as the 

dichotic stimuli , the left ear was preferred although not 

significantly, to the right . Combined scores for the left 

and right ears showed boys to be significantly superi or to 

girls . When the animal sounds were presented binaurally to 

fs ages two- and- one- half to five , male recognition scores 

were superior to those obtained by females . Considering 
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these data , Knox and Kimura suggest further support is 

obtained for the division of function of the two hemispheres 

along a verbal- non- verbal continuum. Furthermore , this 

lateralization of function tends to be apparent in both boys 

and girls as early as age five . That boys tended to perform 

better than girls on the non- verbal tasks is best explained 

in terms of innate psychological capacities or in a 

differential maturation of right hemisphere function (Knox & 

Kimura , 1970) . 

In the above studies using tones , buzzer produced 

sounds , environmental sounds , human produced emotional 

sounds , human produced melodies, and music , a left ear 

preference has been found . These sounds have been defined 

as non- language . Following the bilateral perceptual 

asymmetry model , one could argue that these non- language 

materials are most efficiently processed in the right 

hemisphere by most Ss and that the contralateral ear is 

therefore preferred for recognition or recall . It should be 

pointed out however that the left ear preference for non­

language sounds is less freQuently reported than the right 

ear preference for speech sounds and the effects are 

generally smaller . Furthermore , many researchers have been 

unable to demonstrate a left ear preference . Spellacy 

(1968) used environmental sounds (e . g . fog horn , siren) very 

simil ar to those employed in the Curry study cited above and 

was unable to demonstrate any ear preference . Thus , it 
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than many writers have suggested . 

36 

Asymmetry of function and handedness . Kimura (1961b, 

1963a, 1967 , 1968) , in discussing her brain damaged patients , 

has noted that right- handed patients showed a language 

deficit when the lesion was i n the left hemisphere while 

l eft handed patients tended to show a language deficit when 

the lesion was in the right hemisphere . She concluded that 

her findings are independent of handedness . Furthermore, 

she has argued that the ear contralateral to the language 

dominant hemi sphere i s more efficient , independent of 

handedness . 

It must be pointed out however that the independence of 

handedness can only be demonstrated in those studies in 

which the actual hemisphere containing speech representation 

is known (Kimura, 1967) which is frequently possible with 

brain damaged patients . In normal populations l ocalization 

of speech representation within the cortex i s usually not 

lmown , therefore the researcher can only expect handedness 

to be related to speech dominance to the extent that 

cerebral dominance for speech is related to handedness . 

Compared to left handed ~s, normal r ight handed Ss appear to 

be a relativel y homogeneous population. Using the Wada Test , 

Branch , Milner and Rasmussen (1964) estimated that 90% of 

all right handed 2s have speech r epresented in the left 

hemi sphere . Left handed Ss appear to be much more 
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heterogeneous . Branch et al . estimated that only 60% of 

left handed Ss have speech represented in the left 

hemisphere . It is this for this r eason that most studies 

have only used right handed Ss . Many researchers screen 

their f s with questionnaires a ttempting to establish the 

degree of "right handedness . " 

Curry and Rutherford (1967) included a group of left 

handed Ss i n their study and noted that there was less 

asymmetry for t he left handed group in processing speech 

material . They suggested that left handed f s may have a 

greater equipotentiality for language function than right 

handed Ss . A simil ar observation and interpretation was 

drawn by Curry (1967) who also included a left handed group 

of Ss . Satz, Achenbach, Pattishall , and Fennell (1965), 

using digits as the dichotic stimuli , compared the 

performance of left and right handed f s . They found that 

the degree of asymmetry was greater for right than left 

handed f s . Furthermore , they noted that the smaller ear 

asymmetry was independent of the preferred ear . Satz et al . 

suggest that this smaller asymmetry in left handed Ss may 

reflect a lack of a fully developed or dominant speech 

hemi sphere in those Ss . 

Satz , Achenbach , and Fennell (1967) compared l eft and 

right handed Ss on a dichotic listening test and on three 

measures of manual performance . The dichotic listening test 

employed digits as the stimulus material and the measures of 
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manual performance were strength of grip , speed of tapping, 

and manual dexterity . Self- classified left handed Ss 

demonstrated variable lateral performance on both the manual 

and dichotic listening tests . Self- classified right handed 

Ss were much more reliable and their performance on the 

manual tests were highly correlated with their superior 

right ear preference on the dichot ic listening test . Satz 

et al . test classified the fifty- four left handed ~son the 

basis of their composite manual performance scores . Three 

test classified groups were distinguished : strongly right 

handed , which comprised(17%)of the left handed group ; 

ambidextrous (22%) ; and strongly left handed (61%) . The 

first two groups demonstrated a right ear preference for 

speech while the final group demonstrated a left ear 

preference . Since self- classified left handed Ss were 

found to vary al ong levels of manual and speech laterality , 

the authors concluded that self reports of left handedness 

were an unreliabl e estimate of manual dexterity. 

Hecean and Sauquet (1970), in studying right and left 

hemisphere syndromes in left and right handed fs, noticed 

that the comparison between left and right hemisphere 

syndromes in left handed fs displ ays less difference between 

frequencies of symptoms than the same comparison in right 

handed fs . While their findings indicated that there 

appears to be a cerebral ambilaterality in left handed Ss 

they also indicated , as did Satz et al . , that left handed 
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Ss do not appear as a single group . Further examination of 

their left handed group suggested that with familial l eft 

handedness , r eading and language disturbance occurred with 

comparable frequency following lesions to either hemisphere . 

With non- familial left handed £S, h owever , these disturbances 

were s eldom present wi th lesions to the r i ght hemisphere . 

Thus Hecean and Sauquet concluded that the cerebral 

ambila t erality , as hinted at by Curry and Rutherford , occurs 

only with fami l i al left handed ~s . 

Monaural versus dichotic stimulation . In this sec tion 

literature which has attempted to show ear asymmetry under 

conditions of monaural stimulation will be reviewed . Whi le 

not directly germane to the development of the hypotheses in 

subsequent sections , it is worthwhile i ncluding as it 

questions a basi c assumpti on in studi es of ear asymmetry, 

namel y that competition is necessary in order to show an ear 

preference . 

Both the stor age and perceptual model s and the 

modifications of those models di scussed above i mply t hat 

dichotic s timulation i s necessary i n order to demonst rate an 

ear asymmetry. Kimura (1 963a , 1964, 1967 , 1968) holds t hat 

competition between the contralateral and i psilateral 

pathways is necessary for ear asymmetry t o be demonstrated . 

Kimura (1 964) suggested that the dichotic situation pl aces 

more demands on the perceptual system than t he monaural does . 

Di rks (1 964) and Jones and Spreen (1 967 ) have al so argued 
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that sounds must be competing in order to demonstrate ear 

asymmetry . In a recent paper, Bryden (1969) reported a 

series of experiments . In the first two experiments words 

were presented monaurally , however the Ss did not know to 

which ear the words would be presented . In these two 

experiments no l aterality effect was found . In the third 

study fs were presented with a list of words which required 

variable rates of switching time between the two ears . 

Still no laterality effects were observed. In a final 

experiment , fs were tested dichotically and order of report 

was controlled . Half of the Ss were told before stimulus 

presentation which ear to report first and the other half 

were told which ear to report first after stimulus 

presentations . In both report conditions of t he dichotic 

test a significant right ear preference was found . Bryden 

concludes tha t competition between inputs is both a 

necessary and sufficient condition for an ear preference to 

be observed . Studdert- Kennedy and Shankweiler ( 1970) argue 

that there a re two necessary conditions to produce an ear 

preference in dichotic listening. First, some part of the 

perceptual process must depend upon unilateral machinery and 

second, the input from the ipsilateral ear must suffer some 

form of degradation either as a result of its transmission 

to the dominant hemisphere or as a result of decay . 

Whenever a contralateral ear preference is noticed, they 

argue that these conditions must have been fulfilled . 
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In the majority of studies cited above , the dichotic 

stimulation procedure has been used . The emphasis that many 

researchers have placed on competition is understandable 

s i nce most attempts with monaural stimulation have failed to 

produce ear asymmetry. In a few studies however , auditory 

asymmetry has been observed under conditions of monaural 

sti mulation . 

One of the first studies was provided by Simon (1967) . 

The s timulus was a 1000 Hz tone and the dependent measure 

was key press reaction time (RT ) . Both left and right 

handed Ss were used in t his study. The s timulus was 

presented randomly to the left , right , or both ears . Simon 

found that RT was signi ficantly faster for right ear 

stimulation than for the left ear stimulation. It was also 

noted that diotic tri als were s i gnificantly f aster t han 

monaural trials . I n a separate experiment reported in the 

same study, Simon noted that when Ss were told in advance as 

to which ear would be sti mulated , the right ear preference 

disappeared and the difference between di otic and monaural 

stimulation was no longer s i gnificant . Simon argued that 

the perceptual model, as developed by Kimura , does not fit 

his dat a and adopted an expectancy explanati on. This 

explanation holds that when the Sis uncert ain as to which 

ear will be stimulated he "tunes in" his right ear thus 

yiel ding faster RTs for right ear stimulation . With di otic 

trial s the expectancy explanation holds that the S would 
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always be listening with one ear or the other hence would 

always be correct where he would not be correctly listening 

on some monaural trials . If the uncertainty is removed, 

through instructions to the £, then the right ear 

preference . and the diotic preference should disappear . 

Simon ' s findings are of particular interest for two 

reasons . First , auditory asymmetry was demonstrated under 

conditions of monaural stimulation and second , a right ear 

preference was demonstrated for sti mulus material that 

should elicit a left ear preference if the original 

language- non- language continuum as proposed by Kimura is 

followed . 

Bakker (1967) al so found ear asymmetries under 

conditions of monaural stimulation. The stimuli consisted 

of both verbal material (digit series composed of four , five , 

or six di gits) and non- language material (Morse code sound 

pa tterns of dots and dashes generat ed by a buzzer ) . The Ss 

were children ages six to twelve . With the verbal stimuli 

the Ss were instructed to repeat the digits following series 

presentation while the non- language material was to be 

_reproduced with the aid of a buzzer . For both classes of 

stimuli exact temporal order of r esponse was required before 

a response was considered correct . The non- language material 

was retained significantly better with the left ear than 

with t he right . The verbal material , while in the 

hypothesized directi on of a right ear preference , did not 
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achieve significance . Bakker suggested that the verbal 

material was too easy a task whereas the non- language was 

not. Bakker ( 1968) , usi ng the same procedure as before 

(Bakker , 1967) , tested boys ages nine to thirteen with 

learning disabilities . The non- language stimuli were 

retained better when presented to the left ear than when 

presented to the right ear . The digit series were once 

again in the hypothesized direction but not significant . 

Bakker argued that the stimulus competition situation as 

described by Kimura and others may be one of the f actors 

contributing to asymmetry but that it is not so much the 

manner of stimulus presentation (i . e . monaural or dichotic ) 

as it is the type of task that is vital in the demonstration 

of ear asymmetry . As in the previous s t udy, cor rect order 

of report was demanded before a response was accepted as 

correct . 

In an attempt to test the notion that it is the type of 

t ask as opposed to the manner of stimulus presentation , 

Bakker (1969) compared three methods of recall with monaural 

verbal stimulation. The verbal s timuli were series of four 

and five letters and were presented to ten year old children. 

The recall methods were : free r ecall in which the S was 

required to produce all the letters but in any order ; serial 

recall in which the S was required to produce all the 

letters in order of presentation and ; ordered recall i n 

which a S was told one of the letters of the series after 
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stimulus presentation and was then required to report its 

exact location within the series . Bakker found that in all 

conditions the four letter series were retained better than 

the five l etter series . In the serial recall and ordered 

recall conditions, a right ear preference was observed 

whereas no ear asymmetry was found in the free recall 

condition. 

Considering the above data , BaJcker (1968 , 1969) argued 

that ear asymmetry is dependent on the nature of the task. 

The requirement of ordered recall and the l ength of the task 

are critical variables . Bakker further suggested that 

another factor contributing to the asymmetry observed in his 

studies is that the same hemisphere which is involved in 

verbal processing is also primarily involved in events 

ordered temporally . Such an explanation would account for 

material that is both verbal in nature and temporally 

ordered . 

Bakker (1970) tested children ages seven to thirteen 

with both verbal and non- language stimuli monaurally 

presented. The verbal material was series of four, five and 

six digits and the non- language material was buzzer produced 

series of dots and dashes three, four and five elements long. 

The medium length series (four) of non- language stimuli 

produced the greatest amount of left ear preference while 

the longest length series ( s ix) of the verbal s timuli 

produced the greatest amount of right ear preference . 
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Furthermore , it was found that right eyed children showed a 

right ear preference for verbal material and children with 

normally developed lateral awareness showed a right ear 

preference for verbal stimuli and a left ear preference for 

non- language stimuli . 

Bakker ( 1970) concluded that ear asymmetry under 

conditions of monaural stimulation appears to be related to 

the length of the series and t he requirement that the 

stimulus material be temporally ordered . As a further 

explanation for monaural asymmetry he suggested t hat 

information to be processed in the dominant hemisphere (left 

for verbal and right for non- language) is more efficiently 

transmitted by t he contralateral auditory pathways . When 

information is presented to the ipsilateral ear, there is a 

greater number of synapses resulting in a greater loss . The 

implication from this argument is that even under conditions 

of monaural stimulation, information presented to the ear 

ipsilateral to the dominant hemisphere is transmitted via 

contralateral pathways and must therefore cross the corpus 

callosum to reach the dominant hemisphere . This position is 

consistent with the bilateral perceptual model by Sparks and 

Geschwind (1968) and Sparks et al . (1970) which is discussed 

above . 

The demonstration of a left ear preference for non­

language stimuli is interesting considering Bakker ' s (1969) 

suggesti on that material which must be temporally ordered is 
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most efficiently done in the verbal , left hemisphere . In 

the present study, Bakker (1970) noted that for verbal 

stimul i right ear preference was at its maximum under the 

longer series condition whi le for buzzer patterns left ear 

preference was at its maximum at the medi um length. 

Referring to studies of the effects of r i ght temporal lobe 

damage as discussed above, Bakker suggested that imitation 

of rhythmic patterns is temporally mediated by the r i ght 

hemisphere while the verbal stimuli are temporally mediated 

by the left hemisphere . Bakker concludes by suggesting that 

series of varying types of auditory stimuli ( e . g . digits, 

tones , etc . ) are temporally medi ated and the nature of the 

auditory stimuli determines which hemisphere will be 

employed . 

Murphy and Venables (1970) have also provided evidence 

for ear asymmetry under conditions of monaural sti mulation 

through the use of a signal detection task. Clicks with a 

varying interval between them were presented to one ear and 

the~ was required to indicate whether he identified one or 

two cl icks . Murphy and Venables found that left ear 

performance wa s superior t o right ear performance. When 

white noise was presented to the ear opposite t he cli cks, 

the left ear preference was a ccentua ted . These authors 

interpreted their data as consistent with Kimura ' s ( 1964) 

and Milner ' s (1962) and argQe that the left ear is preferred 

for non- l anguage material due to the dominant role of the 
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right hemi sphere . 

In a recent study , Doehring (1972 ) att empted to 

investigate ear asymmetry for frequency and i nt ensity 

discrimination usi ng monaural tonal sequences . Previous 

research in which the tones were presented at 80 dB had 

failed to produce any ear asymmetry ana Doehring attributed 

this to the fact that the hi gh intensity tones could have 

stimulated the contralateral ear through bone conduction or 

that the tonal patterns could have produced sufficient 

stimulation of the i psilateral pathway to overcome the 

advant age of the cont ralateral pathway . In the present 

s tudy the maximum intensity employed was 60 dB. For 

intensity di scri mination the left ear was signi ficantly 

preferred to the right ear . For frequency discriminati on 

there was a trend in the direction of a left ear preference 

but this dif ference was not significant. Doehring offers 

these data as further evi dence for ear asymmetry under 

conditions of monaural stimul ation. 

Haydon and Spellacy (1973) used consonant - vowel­

consonant (eve) speech sounds and a 1000 Hz tone in a 

monaural test for ear asymmetry . The paradi gm employed was 

very similar to the one reported above in the Simon (1 967) 

study. The stimulus sounds were presented to the left ear 

only , to the right ear only , or to both ears . The dependent 

measure was key press RT . The two classes of stimuli were 

administered on separate days . Half of the Ss were told in 
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advance which ear would be stimulat ed while the remaining 

half were not . They found that when Ss were uncertain as to 

the site of s timulation RTs to right ear s t i mulation were 

s ignificantly faster than those obt ained for left ear 

stimula tion . This finding was observed for both t he eve 
sounds and the 1000 Hz tone . The finding of a right ear 

preference for eve sounds i s consistent wit h Kimura ' s 

notion of a verbal- non- verbal continuum, however the finding 

of right ear preference for pure tones , as was noted in the 

Simon s tudy , i s contradictory to what might be expected. 

This i ssue will be di scussed in t he next secti on . 

Haydon and Spreen (1974 ) tested educable retarded 

adolescents with a dichotic l i stening t est and with the 

monaural t onal t est employed i n the Haydon and Spellacy 

study . With t he dichotic listening tes t , the right ear 

scores were superior to the left ear scores , however, this 

difference was not stati sti cally s ignificant . With the 

monaural tonal test, on the ot her hand , RTs to right ear 

st i mul ation were s ignificantly faster than t hose to left ear 

s timulati on . Haydon and Spreen suggested that the monaural 

t echni que may be a more sensitive estima te of cerebral 

dominance than the dichotic listening test in a population 

where memory deficits are already suspect . 

Thus it appears that sti mulus competition i s a 

sufficient but not necessary condition for eliciting ear 
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asymmetry . In terms of ear asymmetries many of the studies 

employing monaural stimulation support the dichotic 

l istening studies : namely a right ear preference is found 

for speech sounds and a left ear preference is found for 

non- language sounds . The papers presented by Simon, Haydon 

and Spellacy, and Haydon and Spreen however present a marked 

exception to the notion of a verbal- non- verbal continuum. 

Bilateral hemispheric s peciali zation . From the above 

discussion of right and left ear superiority , it would 

appear that the functions of the left and right hemispheres 

of the brain in auditory perception were known . The left 

hemisphere is dominant for speech sounds and the right 

hemisphere is dominant for non- language sounds , speech and 

non- language being defined in terms of the above findings . 

Several recent studies , however , have questioned this 

distinction . 

Shankweiler and Studdert- Kennedy (1967) used the 

dichotic listening procedure to determine whether all 

features of phonetic el ements are processed the same way . 

They a l so examined at what stage in the processing of speech 

hemispheric differenc es in function became evident . The 

s timuli employed in thi s study consisted of synthetically 

produced consonant- vowel (CV) syllables and synthetically 

produced steady s t ate vowels in i solation . Shankweiler and 

Studdert- Kennedy found a significant right ear preference for 
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CV sounds but not for vowel s . The authors concluded that 

laterality effects occur in di choti c presentat ion of 

nonsense syllables displ ayi ng phonemic contrasts . This 

implies that the speech dominance of the left hemisphere is 

in speech perception at the level of speech sound and 

structure . Furthermore , these authors argue that since the 

laterality effect was greater for CV pairs differi ng on two 

articulatory features than on pairs differing on one , this 

implies that the perception of CV syllables may i nvolve a 

process of analysis by feature . The performance on the 

steady state vowels , they suggested , is midpoint between 

musi c recogni tion and speech recognit ion. 

The dat a presented by Shankweil er and Studdert- Kennedy 

are consi stent wi th Kimura ' s (1 967) suggest ion that 

articulability i s the cr i t i cal feature . However , t his dat a 

also impli es that all speech sounds are not equally weighted . 

Studdert- Kennedy and Shankweil er (1 970 ) attempted to examine 

this concept in greater det ail by analyzing the components 

of the speech signal . The stimul i consi s t ed of natural eve 
syllables . A right ear preference was found for the 

ini tial and final stop consonants . However as in their 

previ ous study (Shankweil er & St uddert- Kennedy , 1967) no 

l aterality effect was observed f or the vowel s . The 

articulator y features of voicing and place produced a r i ght 

ear preference , however the authors suggest ed that the 

features are processed separately and that voi cing values 
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are more a ccurat ely identified than pl a ce . 

Studdert- Kennedy and Shankweiler (1970 ) supported a 

perceptual model such as the one developed by Kimura (1961b) , 

stating that t he right ear preference i s the result of 

supertor contralateral pathways while t he left ear input 

must follow a less direct path to the dominant hemisphere . 

They have also suggested that t he l eft and right ear inputs 

converge at some point before combina tion of fea tures i nto a 

s i ngle message and it is for t hi s process of fea ture 

extraction that t he left hemisphere is domi nant . They 

assi gned to the l eft hemisphere that portion of the 

perceptual process which i s linguistic , i . e ., the extraction 

of auditory s timuli i nto phonological f eatures . They argue 

that t he value of the speech materi al i s not its acoustic 

structure , r ather it i s the phonological information they 

conveyed . The stimulus material used i n t he above di scussed 

Gerber and Goldman (1971) s tudy was t he same as that 

employed i n t he Shankweiler and Studdert- Kennedy (1 967) 

s tudy . Gerber and Goldman found that consonant pairs which 

differed on only one articula tory feature, either voicing or 

place, were most easily i dentified . These data are 

consistent with those report ed by Shankwei ler and Studdert­

Kennedy . 

Spreen and Boucher (1970) have also suggested t hat 

there may be qual itative di fferences within l anguage stimuli . 

These aut hors reasoned tha t since speech i s dependent on 
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the frequency characteristics of the signal it should be 

expected that if the higher frequencies were filtered out of 

words, the consonants of the speech signal would be affected . 

With successive amounts of filtering the speech signal could 

be reduced to vowel components . Four levels of low pass 

filtering were employed : 2 . 5, 2, 1 . 5 , and 1 kHz . As 

hypothesized, successive levels of filtering eliminated the 

previously established right ear pr_eference,. Spreen and 

Boucher interpreted their data as consistent with 

Shankweiler and Studdert- Kennedy and suggested that the 

right ear preference. is a l anguage related phenomenon which 

disappears as sounds become more dissimil ar from normal 

speech. Ki rstein ( 1970) has argued that the lack of 

l ateralization found with dichotic presentation of vowels 

may indicate tha t vowels are inconsistently analyzed by 

speech processes in the left hemisphere and non- language 

processes in the right hemisphere . 

Spellacy and Blumstein (1970a , 1970b) have argued tha t 

even though vowel sounds convey less information than 

consonants t hey are considered phonemic by linguists and 

according to the perceptual model should elicit a right ear 

preference, , perhaps to a lesser extent than consonants . By 

manipulating the S 1,s expectation, these authors hypothesized 

that if Ss attended to vowel sounds as l anguage , a right ear 

preference should be observed, while if ~s attended to 

vowel sounds as meaningful non- l anguage sounds , a left ear 
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pref erence would be observed . To test this hypothesis , Ss 

listened to vowel sounds in a language and non- language 

context . The stimulus material in the language condition 

consisted of eve real words and nonsense words . The eve 
words differed in their initial consonant or in thei r medial 

vowel in t he dichotic presentation. In the non- language 

condition, CVC nonsense words were used with an equal number 

of non- language sounds such as melodies and sound effects . 

As hypothesi zed , the consonants showed a right ear 

preference in both conditions . With the vowels however, a 

right ear pr eference was found i n the l anguage group while 

a left ear preference was found in the non- language group . 

The reversal in ear preference was due t o language set and 

such a preference for vowels , either with t he right or left 

ear , had not previously been reported . 

Consi deri ng these data , Spellacy and Blumstein (1970a , 

1970b , 1970c) argued t hat t he notion of a s impl e distinction 

of function or of bilateral asymmetry was questionable for 

two reasons . In t he f i rst place , if manipul ation of 

language set in the non- l anguage condition produced a left 

ear preference for vowels , t hen it was reasonabl e to assume 

that the same should be true £or consonants , which was not 

the case . The second probl em for t he bila t eral model was 

found i n t he fact that the left ear performance for vowels 

was the same in both t he language and non- language 

conditi ons . It appeared that the switch from r i ght to left 
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ear preference in the non- language condition di d not arise 

from an increased effi ciency of the left ear but rather from 

a decreased efficiency of the right ear . 

Darwin ( 1969) dichotically presented Ss with f r icatives 

and noted that the Ss performed equally well with either ear . 

Darwin suggested that s peech sounds will only show a right 

ear preference when they contain certain formant 

transitions . Following this notion , Spellacy and Blumstein 

suggested that it may be the frequencies which are 

associated with the transition from consonants t o vowels 

which gi ve rise to the right ear preference . When vowels 

are attended to as language sounds this transition enhances 

perception , however when not attended to as language s ounds 

the transition i nhi bits perception. Spellacy and Bl umstein 

further argue that their data required an explanation which 

a ccounts for a selective attenti on phenomenon which can 

affect a right ear recognition of vowel varied syllables but 

have no effect on consonant varied syllables . They argued 

tha t the rol e of the left hemisphere in speech percept ion is 

associated wi th percepti on of acoustic speech frequencies . 

When auditory stimuli are not attended to as language sounds 

the ability to detect such crit i ca l frequencies is decreased . 

Therefore , the left ear preference whi ch has been 

demonstrated for certain non- language sounds may be 

explained in terms of a decreas e in left hemisphere 

perception rather than a right hemisphere dominance . 
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In a more recent investigation of ear asymmetries to 

vowel sounds, Weiss and House (1973) dichotically presented 

vowels to Ss at signal to noise ratios of O and - 10 dB . 

Under the easier listening condition, i . e. 0 dB signal to 

noise ratio, no ear differences were found and Ss were quite 

successful in recognizing the sounds presented to both ears . 

However, under the more difficult listening condition, i . e . 

- 10 dB signal to noise ratio, the right ear was preferred to 

the left ear . Furthermore , the authors noted that the Ss 

tended to recognize only one of the sounds and when two were 

recognized one of them was usually wrong . Weiss and House 

also found tha t in spite of the fact that the vowel sounds 

were matched for amplitude and duration they were not 

equally perceptible . Those vowels which are usually 

described as being more intelligible under standard 

articulation test conditions tended to be heard most 

successfully. The authors conclude that these data support 

the view that various speech signals are not processed in 

different parts of the cerebral cortex. Considering the 

position of Spellacy and Blumstein it could be argued that 

the £Sin the Weiss and House study were being tested in a 

context in which they attended to the vowels as speech 

sounds . With the O dB signal to noise ratio condition the 

task was too easy and Ss were capable of recognizing both 

signals. As the t ask became more difficult the laterality 

effect was observed. 



Halperin , Nachshon , and Carmon (1 973 ) have presented 

data which refut e the concept of a verbal- non- v erbal 

continuum. The Ss were t ested with two dif ferent di chotic 

listeni ng t asks , each of which employed tonal sequences . 
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In one test the tonal patterns vari ed in t erms of frequency 

(either high or low) and i n t he other t he vari a tion was i n 

t erms of stimul us dur ation (either long or short) . Each 

tonal pattern was composed of t hree elements . Within each 

tonal pattern there were t hree possible transitions : zero , 

one , or two . For example, in the frequency te s t, zero 

transitions would consi s t of three high or three low tones 

( e . g . HRH ) ; one transition could be represented by one high 

tone and two low tones (e . g . HLL ) ; and two transi tions could 

be represented by a h i gh tone foll owed by a l ow tone 

followed by a high tone (e . g . HLH) . Hal perin et a l . found 

t hat with zero transitions there was a left ear preference 

for both tonal tests . However , wi th an i ncrease from zero 

to t wo transitions there was a shift from left to right ear 

preference . The aut hor s note that these data a re 

i nconsistent with Kimura ' s division of function of the two 

hemispheres and suggest that the l eft hemisphere i s dominant 

in t he processing of temporal patterns and tha t t he 

perception of verbal stimuli may be associated with t he 

sequential analysi s of the acoustic s timuli . 

Spellacy and Blumstein (1 970b , 1970c) questioned the 

notion of bi lateral hemisphere dominance in audi tory 
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perception and suggested that audi tory perception is a 

function of a single ac tive hemisphere which is involved in 

both speech and non- speech sounds . The degree of 

involvement varies with the nature of the auditory sti muli 

and thus contributes to a left or right ear ~reference . . 

The notion t hat frequency transitions are the critical 

characteristics in right ear preference for verbal sounds 

was further supported by the Spreen and Boucher (1970) study. 

Perhaps one of the most interesting implications from these 

studies by Spellacy and Blums tein concerns the concept of a 

single active hemisphere in auditory perception. A 

language- non- language distinction is ma intained but this 

distinction does not imply the involvement of the left or 

right hemisphere . 

Further support for this concept of a single acti ve 

hemisphere is provided by the Haydon and Spel lacy ( 1973) 

study cited above . In that s tudy it wi ll be recalled t hat 

when Ss were uncertain as to which ear was to be stimulated 

RTs to right ear stimulation were considerably f aster t han 

those for left ear stimulation. This finding was observed 

for both speech sounds and pure tones . Haydon and Spellacy 

noted that the finding of a right ear preference for speech 

sounds is consistent with the litera ture relating l anguage 

perception and cerebral dominance . However , the finding 

that the right ear preference obtains a lso for tones 

suggested that the left hemisphere plays a major role in the 
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perception of some non- speech sounds when the Ss ' 

expecta tions were manipulated . These authors concluded that 

the right ear preference for language percepti on reflects , 

in part , an a ttentional process . As an al ternative , t hey 

argued that such attention i s l anguage mediated , thus 

crea ting the right ear preference for essentially 

meani ngl ess , non- language tones . 

Development of the Hypotheses 

From the preceding literature revi ew a few summary 

statements can be drawn : (a) l aterality effects occur in 

auditory perception ; (b) a right ear preference has been 

observed for l anguage sounds and this has been attri buted to 

a left hemisphere domi nance for speech percepti on and t he 

superiorit y of the contralat eral auditory pathways ; (c ) a 

left ear preference has been observed for certai n non­

l anguage sounds and this has been a ttri buted t o a right 

hemisphere dominance for the percepti on of these non­

language sounds and the superiority of the cont ralateral 

auditory pathways and ; (d) based on empiri cal evidence , 

recent investigators have questioned the notion of a simple 

bilateral hemispheric specialization. 

Perhaps the most compelling psychologi cal evidence for 

a right ear , left hemisphere domi nance for language 

ma terial comes from those studies i n which order of report 

is controlled . In the experi ments report ed above by Bryden 

(1967) , Satz et a l . ( 1965) , Bartz et al . ( 1967) , Borkowski 
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et a l . (1965), and Goodglass and Peck (1972), it has been 

noted that while the right ear is more frequently preferred 

as the immediate recall channel , it is also more efficient 

when used as the storage channel in situations where the Ss 

are required to recall from the left channel first . The 

implications from these data are that verbal materi al which 

is presented to the right ear and reaches the dominant left 

hemisphere is very efficiently coded either for immediate 

recall or for temporary storage . Unfortunately no data has 

yet been presented in which order of report is controlled 

with non- language sounds used as t he stimuli . It would be 

interesting to see if non- l anguage sounds presented to the 

left ear were coded as efficiently , either for immediate or 

delayed recall . In the present study Ss are presented with 

two different dichotic listening tasks ; one which involves 

the dichotic presentation of speech sounds ox one which 

i nvolves the dichotic presentation of non- l anguage sounds . 

In both cases order of report is controlled with Ss 

reporting the left and right ears first an equal number of 

times . However , before the hypotheses can be more fully 

developed a ma jor methodologi cal issue must be discussed . 

Recall versus recognition : In the majority of dichotic 

listening studies cited above in which t he stimulus was 

verbal i n nature the Ss were presented with a dichotic pair 

or sets of pairs and asked to repeat as many of the stimulus 

sounds as they could remember . This is a recall task . With 
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the presentation of non- language stimuli, the ~s are 

typically presented with a single dichotic pair followed by 

foils of stimulus sounds and the Ss are then asked to 

identify which members of the foils constituted the original 

dichotic stimulus . This is a recognition task . Kintsch 

(1970) has pointed out that recall and recognition are not 

identical tasks and that each one places different demands 

on the S. Generally speaking , recognition is usually 

superior to recall , however exceptions have been noted . 

This is particularly interesting since many researchers have 

been unable to demonstrate a left ear preference for non­

language sounds . According to Kintsch , the most frequent 

explanation for the superiority of recognition over recall 

is due to recognition on the basis of partial cues . In 

order to recall stimuli correctly , all of the information 

must be stored in memory , or at least enough of it to permit 

reconstruction. With a recognition task however , it is 

possible to recognize stimuli by respondi ng to parti al cues . 

The usual superiority of recognition over recall has , 

however, on occasion been observed in reverse . Kintsch 

cited a study by Bruce and Cofer in which the distractor 

items in the recognition foils were highly similar to the 

target items . Under this condition , task difficulty was 

increased and Ss who were permitted to use the recall 

procedure obtained better scores . 
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This distinction between recognition and recall raises 

the question of whether the same results would have been 

obtained if researchers using dichotic verbal stimuli had 

employed a recognition task as opposed to a recall task . 

Conversely, the question is raised of , whether the same 

results would have been obtained if researchers using 

dichotic non- language stimuli had employed a recall task as 

opposed to a recognition t ask . Recalling non- l anguage 

stimuli presents many onvious problems perhaps explaining 

why the recognition task is employed with non- language 

stimuli . 

With verbal material it is possibl e to use either a 

recall or recognition task alt hough , as noted above, most 

researchers prefer to use the recall t ask . Broadbent and 

Gregory (1964) attempted to provide an answer to t he 

question of whether the same results woul d be obtained if a 

recognition task were employed . The ~s were dichotically 

presented with three pairs of digits . Following the 

dichotic presentation the ~s were binaurally presented with 

four groups of three digits ; one corresponding to the group 

heard at the left ear and one corresponding to the group 

heard at t he right ear . Broadbent and Gregory found that Ss 

were l ess accurate in recognizing information presented to 

the l eft ear than to the right and concluded tha t the 

observed ear asymmetries could not be a ttributed to the 

testing technique. Similarly, Springer (1971) presented Ss 
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with dichotic pairs of CV syllabl es and asked them to 

monitor for the presence of a target CV syllable whi ch could 

occur in either ear . The Ss were asked to respond by 

depressing a RT key whenever the t arget sound occurred . 

Spri nger found the ~shad faster RTs when the target was 

presented t o the right ear than when i t was presented t o the 

left ear . While this is more of a det ecti on task t han a 

recognition t ask it provides further suppor t for the noti on 

that lateral ity effects are not a direct result of the 

testing procedure . 

That the recogniti on procedure would a l so rev eal a 

r i ght ear pr~fer ence when sounds presented to the right ear 

were to be stored has not been formall y reported . Howev er , 

pi lot data collected in connection wi th the present study 

reveal ed a r i ght ear pre£erence when the r i ght ear was used 

as the immediate recognition channel as well as when sounds 

presented to the r i ght ear were to be stored . These Ss were 

presented dichotically wi th a single pair of CV sounds 

followed by monaural recognition fo i ls t o e i ther the right 

ear first followed by the l eft ear or vice versa. The Ss 

did not know in advance to whi ch ear the recognit ion foils 

woul d appear first . For a mor e complete di s cussion of the 

methods and resul ts of this pilot study the reader is 

referred to Appendix A. These data provide f urther support 

for Broadbent and Gregory ' s (1964) notion that laterality 

effects are not a function of testing technique . 



The hypotheses : The widely replicated finding of 

Kimura ' s of a right ear preference in auditory perception 

for speech sounds rests on the assumptions tha t 

contralateral afferents are superior to ipsila t eral 
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afferen t s and that the l eft hemisphere is in some way 

specially organized for speech discrimination and recall . 

While the majority of research supports this posi tion , there 

is a problem in the logic. Most of the studies reported 

thus far have employed spoken free recall as the response 

yet speech production i s a well documented function of the 

left hemi sphere . Therefore the question ari ses as to 

whether the right ear preference is the result of a 

perceptual superiority of the left hemi sphere or because 

there is a differential bias to the right ear since a verbal 

response i s required . This problem has been addressed by 

Inglis (1968) . One solution to this problem would be to 

employ a recognition task rather than a recall task . A 

recognition t ask does not employ the same level of verbal 

encoding as does a recall t ask . Any ear differences 

observed with a recognition task might be more 

representative of the perceptual capacities of the left and 

right hemispheres . 

The majority of studi es which have employed a 

recognition task have not attempted to control for the order 

of recognition . (This presents a problem in interpreting 

such research.) If sounds presented to one ear are to be 



stored in some ·way while the£ is attempti ng to recognize 

sounds presented to the other ear then one might expect 
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there to be some decay in the sounds which are t o be stored. 

Thus the issue of short term memory is raised . Thi s 

criticism also has been made by Inglis who , as noted above , 

has argued that order of report is t he most important 

variable in dichotic listening studies . If , on the other 

hand , one hemisphere was superior in t he perception of a 

certain type of sound , then the decay of t he memory trace 

should be less for information presented to t he contralateral 

than to the i psilateral ear . 

One final issue must be considered before the hypotheses 

are offered . Followi ng the demonstration of a left ear 

preference for music recognition , Kimura proposed an 

explanatory model based on bilat eral asymmetry of function . 

Thi s model holds that the left hemi sphere is specially 

organized for the perception of speech sounds while t he 

right hemisphere is organized in an analogous manner for the 

perception of non- verbal sounds . It must be no t ed that the 

concept "non- verbal" has not been adequately defi ned, and 

the effect itself has been di fficult to demonstrate . If 

everything which is not speech i s considered non- verbal, 

then the research findings cited above would lead to the 

conclusion that a r i ght hemisphere dominance for a l l non­

verbal sounds does not exist . Rather than ac cept such a 

conclusion it seems probable that r i ght hemisphere dominance 
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is related to a stil l undefined class of sounds . 

The present experiment is concerned with the perceptual 

and memory capacities of the left and right hemispheres in 

man as well as the intera ction between perception and 

memory . The ~s are dichotically presented with a verbal and 

non- language test in which recogniti on is required and order 

of recognition is controlled . The terms verbal and non­

language are used i nstead of verbal and non- verbal or 

language and non- language to avoid confusion with previous 

usage . Verbal describes stimulus sounds (i . e . CV syl labl es) 

which are not meaningful language sounds but are parts of 

words . Non- language describes stimulus sounds which are not 

created by a human voice . This is to be contrasted wi th 

Kimura ' s use of non- verbal to describe stimuli which were 

emotional sounds or hummed melodies produced by humans but 

which were not words . Controlling order of recognition has 

the advantage of not only providing an estimate of 

perception and memory of sounds presented to the left and 

right ears, but also requires ~s to localize from an arr ay 

which sound was presented to which ear . 

Considering the above d iscussion , three sets of 

hypotheses are offered . One set is concerned with 

perception , another set is in the area of memory , and the 

final set is concerned with the interaction between 

perception and memory . The hypotheses are as foll ows : 

1 . Perceptual performance for the right ear will be superior 



to that of the left ear for verbal sounds . 

(a) This finding should be observed for immediate 

recognition and , (b) for del ayed recognition . 
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2 . P~rceptual performance for the left ear will be superior 

to that of the right ear for non- l anguage sounds . 

(a ) This finding should be observed for immediate 

recognition and , (b) for delayed recognition . 

3. (a ) Verbal sounds presented for immediate recogniti on to 

the right ear will be recognized more accurately than 

verbal sounds which are presented to the right ear for 

delayed recognition . 

(b) Verbal sounds presented for immediate recogni tion to 

the left ear will be recognized more accurately than 

verbal sounds which are presented to the left ear for 

del ayed recognition . 

4 . ( a ) Non- language sounds presented for immediate 

recognition to the right ear will be recogni zed more 

a ccura tely than non- l anguage sounds which are presented 

to the right ear for delayed recognition . 

(b) Non- language sounds presented for immediate 

recognition to the left ear will be recognized more 

a ccurately than non- language sounds which are presented 

to the left ear for delayed recognition . 

5 . The decrement in performance of the right ear for delayed 

recognition as opposed to immediate recognition will be 

less than the decrement of the left ear for del ayed 



recognition as opposed to immediate recognition when Ss 

are presented with speech sounds . 
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6 . The decrement in performance of the left ear for delayed 

recognition a s opposed to immediate recognition will be 

less than the decrement of the right ear for delayed 

recognition as opposed to immediate recognition when Ss 

a re presented with non- language sounds . 



Method 

Sub j ects 

The Ss were 48 right handed female college students 

with a mean age of 18 years , 9 months (range 16 years , 10 

months to 22 years, 1 month) . The Ss had not previously 

participated in dichotic listening studies . Right 
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handedness was defined by a minimum of eight out of ten 

positive right hand responses on a questionnaire for manual 

preference (Spreen & Benton , 1969) . No~ reported any known 

hearing impairment . 

Test Conditions and Experimental Procedure 

The Ss were randomly assigned to one of two dichotic 

listening test situations : verbal sounds and non- language 

sounds . Within both of these conditions all Ss were tested 

for two levels of order of report for both the left and 

right ear . Both of these sound conditions , the order of 

report condition and the general stimulus paradigm, are 

discussed separately. 

Verbal sound condi tion . The verbal sound condition 

consisted of the dichotic presentation of CV syllables . Six 

stop consonants were used and all were paired with the vowel 

11a . 11 The six CV sounds used were ba , ta , ga , da , ka , and pa . 

Previous research by Studdert- Kennedy and Shankweiler (1970) 

and Gerber and Gol dman ( 1971) has shown these sounds to be 

very effective in eliciting a right ear preference . Each 

syllable of the dichotic pair was recorded on a separate 
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channel of magnetic recording t ape such that the two 

syllables had simultaneous onset . Each trial consisted of a 

single pair of two different CV sounds . No CV syllable was 

paired with itself . The dichotic listening tape employed i n 

the verbal sound condition wa s a modified copy of a t ape 

originally constructed by Dr . Sheila Blumstein at the 

Haskins Labor atory . Ther e were fifteen different s timulus 

pairings on this t ape . The degree of s imultanicity on this 

copy ranged from O msecs . to 30 msecs . with a mean of 9 . 0 

msecs . Only two sounds exceeded 10 msecs . This mea surement 

was made by visual inspection of oscilloscope patterns us ing 

t he initial deviation from a flat tone as criterion for word 

onset . 

Non- language sound condition. As with the verbal sound 

condition , six non- l anguage s ounds were used . To avoid 

possible S bi ases due to the verbal labelli ng of these non­

language sounds, auditory stimuli from the same class were 

selected . Gordon (1970) , it will be recalled , found no ear 

asymmetry in a dichotic melodies test in which t he tones 

were l argely devoid of t imbre and chordal variation. 

However , in dichotic tests in which the stimuli were 

composed of chords which were rich in overtones , a 

significant left ear preference was found . Ther efore , t he 

present study employed six different chord- like sounds . The 

sound patterns were generated by an ARP Synthesizer Model 

2600 . Each of the sounds were quite distinct , with each 
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being composed of three different tones . The tones were all 

generated by the saw- tooth and triangle generators of the 

Synthesizer a s these sounds are believed to be the r i chest 

i n overtones . The vari ous frequencies of each of the 

components of the six sounds are presented in Tabl e 1 . As 

i n the verbal condition , each sound was re corded on a 

separate channel of magnetic recordi ng tape such that t he 

sounds had s i multa neous onset . Each tri al consist ed of a 

single pair of two diff erent chords . No sound was pai red 

wi th i t self . As measured by an oscilloscope , the degree of 

s i mul tanicity for thirteen of the fifteen dichotic pairs was 

0 msecs . For the remai ning two the degree of s i multanicity 

wa s 5 msecs . and 10 msecs . respectively. Fi gure 1 presents 

spectograms of the six different chords . 

Order of recognition. Ear order of recognition was 

controlled . On half of t he trials six monaural recogni tion 

foils were presented to t he left ear first followed by six 

monaural recognition foils presented to the right ear . Thi s 

was referred to as Order I and was designated L1R2 . On the 

rema ini ng hal f of the trials , the recognition foils were 

presented to the right ear f i rst followed by recognit ion 

foils to t he left ear . This was referred to as Order II and 

was designated R1L2 . For each Order condition a left and 

right ear score was obtained . The dependent mea sure was the 

number of correctly recogni zed sounds for each ear under 

each Order condition . 



TABLE 1 

Frequency Components of Each of the Six Sounds 

Used in the Non- Language Condition 

Chord No . Component Frequency Hz 

1 267 
I 2 801 

3 59 

1 60 
II 2 4765 

3 495 

1 1074 
III 2 619 

3 8956 

1 27 
IV 2 190 

3 249 

1 29 
V 2 2402 

3 3720 

1 309 
VI 2 1936 

3 12762 
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The monaural recognition foils contained all six of the 

stimuli used i n each sound condition (i . e . all six CV sounds 

or all six chords) and were presented in random order for 

each trial . The chance probability that the correct 

response would occur in any one of the six possibl e 

positions was one- sixth. 

Stimulus paradigm . Prior to testing , all £S were twice 

presented binaura lly with the six sounds (e i ther CV sounds 

or chord- like sounds) and were informed that these were the 

sounds used in this experiment . After binaural presentation 

of the six stimul us sounds , £S were given four practice 

trial s . On two of the practice trials , Order I (i . e . L1R2 ) 

was followed and on the remaining two practice trials, Order 

II (i . e . R1L2 ) was followed . 

During the test session sixty trials were presented at 

an intensity of approximately 65 dB via a Sony TC 650 stereo 

tape recorder as the Ss listened through Koss KO 727b stereo 

headphones (ISO , 1969) . In the dichotic pairs each CV sound 

and each chord- l ike sound occurred ten times to both the 

left and right ear . The trials were consecutively numbered 

binaurall y . These spoken numbers served as a ready s i gnal 

to t he S. A graphic illustration of the stimulus paradigm 

employed in this study is presented in Figure 2 . 

Approximatel y three seconds after the dichot i c pair the 

monaural recognition foils were presented to eit her the 

right or left ear, a ccording to Order I or Order II . The 
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FIGURE 2 . Illustra tion of the stimulus par a digm for both 
Order conditions for t he verbal and non- l anguage 
stimulus conditions . 
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S ' s task was to listen to each of the s i x foils and to say 

"yes" when they thought they had correctly recognized the 

sound presented to that ear . The Ss were instructed that 

during recognition all six of the sounds used in the study 

would be presented and the Ss could say "yes" as many times 

as they wished . However , fs were cautioned that only their 

last "yes" answer would be accepted as their attempt at 

correct recognition . This feature was added so Ss could 

attempt self- correction if they felt they had previously 

made a mistake . 

Approximately three seconds after completion of the 

first recognition foil s and approximately twenty seconds 

following the ready signal , a second set of foils a l so 

contai ning a ll of the six CV sounds or chord- l ike sounds was 

presented to t he opposi te ear . The instructions remained 

the same ; Ss were to say "yes" when they thought they had 

correctly recognized the sound presented to that ear . The 

monaural recognition foils for both the verbal and non-

language conditions were present ed at a rapid rate with a 

stimulus sound appearing at a rate of approximately one 

every 1 . 7 seconds . The inter trial interval (i . e . from the 

offset of one ready signal to the onset of the next ready 

signal ) for both sound conditions was approximately 35 

seconds . 
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Results 

The data were treated by analysis of variance (ANOVA) . 

Type of sound condition, i . e . verbal or non- language , was a 

between group variable while order of report and ear of 

stimulation were within group vari ables . Thus , the design 

was a two sounds by two orders by two ears factorial . The 

dependent measure was number of correctly recognized sound 

stimuli for the left and right ears . 

In general, it was found that ~s recognized 

significantly more of the non- language sounds than the 

verbal sounds (56.8% vs . 42 . 1%) . It was also found that the 

right ear was more efficient than the left ear regardless of 

sound class (54 . 9% vs . 44 . 1%) . Statistically t he above 

findings are supported by a sound main effect (F1 , 46=17. 23 , 

Q< . 001) and by an ear main effect (F1 , 46=58 . 79 , £< . 0001) . 

The order main effect was not significant . The findings 

germane to the hypotheses are contained within the 

interactions and are discussed separately for both the 

verbal and non- language conditions . 

Verbal Sound Condition 

As hypothesized , ~s recognized more sounds presented to 

their right ear than to their left ear . This was observed 

for both order conditions . In Order I , in which the foils 

were presented first to the left ear and then to the right 

ear , ~s recognized 47 . 9% of the sounds presented to the 

right ear and 38 . 3% of the sounds presented to the left ear . 
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Eighteen of the ~s showed a superior performance for stimuli 

presented to the right ear , four showed a superior 

performance for stimuli presented to the left ear , and there 

were two ties . In Order II , in which the foils were 

presented first to the right ear and then to the left ear , 

~s recognized 54 . 2% of the sounds presented to the right ear 

and 27 . 9% of the sounds presented to the left ear . Twenty­

three of the Ss showed a superior performance for stimuli 

presented to the right ear and one showed a superior 

performance for stimuli presented to the left ear . These 

findings are depicted in Figure 3 which also presents the 

data for the non- l anguage condition. Stati s t i cally , these 

differences are significant : for Or der I (124=3. 54 , £< . 01 ) 

and for Order II (124=9 . 67 , £< . 001 ) . 

It was also found that when sounds presented to the 

right ear were to be recogni zed first performance was 

slightly superior to when sounds presented to the r i ght ear 

were to be recognized second (124=2 . 30 , £< . 05) . Si mi larly 

it was found that when sounds presented to the left ear were 

to be recognized first performance was superior to when 

sounds presented to the left ear were to be recognized 

second (124=3 . 83 , £< . 001 ) . The percentage of correct scores 

for each condi tion and t values for the verbal and non­

l anguage comparisons are present ed in Table 2 . 

Non- Language Sound Condition 

The data for the non- language condition present as 
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Order 
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Order 
II 

t 
Value 

TABLE 2 

Percentage of Correct Scores and t Values for 

the Sound by Order by Ear Interaction 

Left 
Ear 

38 . 3 

27 . 9 

t 
Verbal Sounds 

Right 
Values 

Left 
Ear Ear 

47 . 9 3. 54** 62 . 7 

54 . 2 9 . 67*** 47 . 2 

Right 
Ear 

51 . 5 

65 . 8 

79 

t 
Values 

4 . 14*** 

6. 86*** 

3. 83*** 2. 30* 5. 73*** 5 . 27*** 

* £ < . 05 

** £ < . 01 

*** £ < . 001 



80 

quite distinct from the verbal condition. The Ss were much 

more efficient in recognizing t he foils which were presented 

first than those presented second , independent of ear . For 

Order I , i . e . l eft ear foils followed by r i ght ear fo i ls , £S 

recognized 62 . 7% of the sounds presented to the l ef t ear and 

51. 5% of the sounds presented to the r i ght ear . For Order 

II , £S recognized 65 . 8% of the sounds presented to the right 

ear and 47 . 2% of the sounds presented to the l eft ear . 

These findings are depicted in Fi gure 2 . Statistically, 

these di fferences are quite convincing : for Order I 

(124=4 . 14 , £< . 001 ) and for Order II (124=6 . 86 , £< . 001 ) . 

It was also found that when sounds presented to the 

right ear were to be r ecognized f i rst , performance was 

considerably better than when sounds presented to t he right 

ear were to be recognized second (124=5 . 27 , £< . 001 ) . 

Similarly, when sounds presented to the l eft ear were to be 

recognized firs t, performance was better than when sounds 

presented to the left ear were to be recognized second 

(124=5 . 73 , £< . 001) . An interesti ng but non- s i gnifi cant 

trend was also noted i n the non- language condition. The 

right ear was s l ightly preferred to the left ear when both 

were used as the first ear of recogni t i on ( 65 . 8% vs . 62 . 7%) . 

Similarly, the right ear was slightly preferred to the left 

ear when sounds present ed to bo t h were t o be stored ( 51 . 5% 

vs . 47 . 2%) . The percentage scores and t values for the non­

language condition are presented i n Table 2 . The data for 
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the verbal and non- l anguage sound conditions were supported 

by a significant order by ear by sound interaction 

(F1 , 46=5 . 90, £< . 01 ) . 

A tes t of the homogeneity of the covariance matrix for 

the three way interact ion proved non- signif icant (~=11 . 52 , 

p . 17) . Thus , t he assumption of homogeneity of variance was 

not violated . The summary table for the three factor ANOVA 

is presented in Table 3. 

Other Pertinent Findings 

In addition to the above findings pertaining to the 

hypotheses of this study, two other interactions were found 

which are particularly interesting . Each of these 

interactions are d i scussed separately. 

Order by ear interaction . This interaction , which is 

collapsed across t he verbal and non- language sound 

conditions , reveals that when Ss empl oyed Order I , i . e . left 

ear recognized first followed by right ear recognition , 

there was little difference in the performance of the two 

ears (left ear, 50 . 6% vs . right ear 49 . 7%) . However , when 

Order II was employed , i . e . right ear recognized first 

fol lowed by left ear recognition , the right ear was 

preferred to the left ear (right ear, 60 . 0% vs . left ear 

37 . 6% ) . This interaction is illustrated in Fi gure 4. 

Statistically , Order II proved to be highly significant 

(i 48=11. 68 , }2_< . 001) . As with t he above discussed three way 

interaction, this two way i nteraction also showed that the 



TABLE 3 

Analysis of Variance Summary Table for the 

Three Factors : Sound , Order , and Ear 

Source df Mean 
Square 

Sound 1 940 . 76 
Error 46 54 . 61 

Order 1 7. 92 
Order x Sound 1 2. 30 
Error 46 6 . 97 

Ear 1 503 . 76 
Ear x Sound 1 218 . 88 
Error 46 

Order x Ear 1 584. 51 
Order x Ear x Sound 1 47 . 01 
Error 46 7. 96 

Tot al 144 

* £ < . 01 

** E < . 001 

E < . 0001 
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F 

17. 23** 

1.14 
. 33 

58. 79*** 
25 . 55-*** 

73 . 41*** 
5. 90* 
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right ear was preferred when sounds presented were to be 

recognized first than when sounds presented were to be 

stored (148=5 . 35 , E< . 001) . Simi larly , the left ear was 

preferred when sounds presented were to be recognized first 

than when sounds presented were to be stored (148=6 . 77 , 

:£< . 001) . Of further i nterest was the finding that the 

right ear was preferred to the left ear when both had the 

opportunity for first recognition (4 8=4. 91, E<. 001) . The 

order by ear interaction was qui te signifi cant (F1, 46=73 . 41, 

:£< . 0001) , probably accounti ng fo r much of t he vari ance in 

this study. The percentage scores and t values for this 

interaction are presented i n Table 4. 

Ear by sound interacti on . This interaction whi ch is 

collapsed across order shows no significant differences 

between the left and right ears for the non- l anguage sound 

condition . As noted above , there was a slight trend 

favoring the right ear (right ear , 58 . 7% vs . left ear 55 . 0% ) . 

For the verbal sound condition the r i ght ear was preferred 

to the left ear (51. 0% vs . 33 . 1%) . This interacti on i s 

depicted in Figure 5 . Statistically the difference between 

the l eft and right ears in the verbal condition i s 

(148=8. 99 , E<. 001) . Thi s i nteraction also revealed that 

recognition scores in the non- language conditi on were better 

than recognition scores in the verbal condi t i on for both the 

left and r i ght ears ; (48=10 . 99, E< . 001) and (148=3 . 84 , 

£<. 001) respectively . The significance of this ear by sound 



Order I 

Order II 

t Value 

TABLE 4 

Percentage Scores and t Values for 

the Order by Ear Interacti on 

Left 
Ear 

50. 6 

37 . 6 

6 . 77* 

Right 
Ear 

49 . 7 

60 . 0 

5. 35* 

* £. < • 001 

t 
Val ue 

. 43 

11 . 68* 
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interaction is (F1 , 46=25 . 55, ]2_<.0001) . The percentage 

scores and t values are presented in Table 5. 
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Verbal 
Condition 

Non- Language 
Condition 

t Value 

TABLE 5 

Percentage Scores and t Values for 

the Sound by Ear Interaction 

Left Right 
Ear Ear 

33 . 1 51 . 0 

55 . 0 58. 7 

10 . 99* 3. 84* 

* £ < . 001 

88 

t 
Value 

8 . 99* 

1 . 84 
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Discussion 

The hypotheses of this study concerned the perceptual 

and memory capacities of the left and right hemi spheres i n 

man . Had all of these hypotheses been confirmed, 

considerable support would have been provided for the 

bilateral asymmetry of function model of the left and right 

hemispheres as proposed by Kimura and others . Si nce not all 

of the hypotheses were confirmed , the b i lateral asymmetry of 

function model cannot be suppor ted and alternative 

explanations must be considered. The findings are discussed 

i n terms of the verbal and non- language sound conditions and 

the hypotheses of this study. 

Verbal Sound Condit i on 

It had been hypothesized t hat when Ss were presented 

with verbal sounds the right ear would be preferred when 

sounds were presented for immediate recognition as well as 

when sounds were presented which required storage into short 

term memor y . 

These hypotheses were most convincingly supported . 

That this was found when a recognition procedure was 

employed and order of recognition was controlled has not 

previously been reported . The most likely explanation for 

this finding of a right ear preference is to attribute it 

to the well documented role of the left hemisphere in speech 

perception and the superiority of the contralateral over 

ipsilateral pathways in auditory perception. Information 
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presented to the right ear is very efficiently encoded 

either for immediate recognition or for storage for 

recognition at some later time . Sounds presented to the 

left ear are less efficiently encoded either for immediate 

recognition or for storage . One explanation for the 

inferior left ear performance would be the suppression of 

the ipsilateral pathways and the degradation of the neural 

signal resulting from the extra synaptic activity involved 

in crossing the corpus callosum and the fact tha t these 

callosal fibers are believed to terminate in the associ at ion 

areas as opposed to the primary receiving area (Geschwind , 

1965) . This interpretation is consistent with the 

modification of Kimura ' s perceptual model offered by Sparks 

et al . ( 1970) . 

The memory hypothesis held tha t when sounds which were 

to be stored were presented to the right ear, performance 

would be inferior to when sounds for immediate recognition 

were presented . Similarly , the same was predicted for the 

left ear , i . e . first recognition is better than second 

recognition . Those hypotheses were also confirmed which 

suggest that short term memory played an important role in 

this task . When sounds were presented for storage to the 

right ear there was a 6 . 3% decrement in performance as 

opposed to when sounds were presented to the right ear for 

immedia te recognition . Similarly , when sounds were 

presented for storage to the left ear , there was a 10 . 4% 



decrement in performance as opposed to when sounds were 

presented to the left ear for immediate recognition . The 

most likely expl anation for this finding is probably a 
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slight deterioration of verbal memory traces over prolonged 

periods of time in which rehearsal was not possibl e , or that 

previous recall interfered with the delayed recognition task . 

Examination of Figure 2 clearly supports the hypothesis 

that perception and memory interact when Ss are presented 

with verbal stimuli. In the Order II condition (i . e . right 

ear recognition followed by left ear recognition) there was 

a 26 . 3% decrement in recognition by the left ear . However , 

in the Order I condition (i . e . left ear recognition followed 

by right ear recognition) there was a 9 . 6% increment in 

recognition . This is an impressive finding considering the 

difficulty of the task and the fact that as much as thirty 

seconds might have passed before the Ss had the opportunity 

for right ear recognition . Thus it would appear that the 

left hemisphere is not only dominant in the perception of 

verbal sounds but is also dominant in encoding of verbal 

memory traces for later recognition . Verbal sounds arriving 

in the left hemisphere via the contralateral right ear 

afferents are very efficiently processed . 

Non- Language Sound Condition 

Following the bilateral asymmetry of function model it 

was hypothesized that Ss would show a left ear preference 

regardless of whether sounds were presented to the left ear 
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for storage or for immedia te recogniti on . It was also 

hypot hesized that there would be an interaction between the 

perception and the memory of these non- l anguage sounds 

favoring the left ear and the right hemisphere . These 

hypotheses were not confirmed . Rather it was found tha t 

sounds presented for immediate recognition were recognized 

far more eff iciently than those sounds which were presented 

for storage . I n the Order I condition (i . e . left ear 

recogni tion followed by right ear recognition) there was an 

11. 2% decrement i n sounds to be recognized by the r i ght ear 

while i n the Order II condition ( i . e . right ear recognition 

followed by left ear recognition ) there was an 18 . 6% 

decrement in sounds presented to the l eft ear . These data 

clearly suggest that there is no laterali zation of e i ther 

perceptual or memory processes for these non- l anguage sounds . 

Such a position refutes the bila teral asymmetry of function 

model and suggests that different perceptual and memory 

processes are employed when certain non- l anguage stimuli • 

are dichotically present ed . 

The only hypotheses tha t were confirmed in the non­

l anguage sound condition were the memory hypotheses . These 

hypotheses held tha t when sounds which were to be stored 

were presented to the right ear , performance would be 

inferior to when sounds for immediat e recognition were 

presented . Simila rly, the same wa s predicted for the 

left ear , i . e . first recognition is better than second 



recognition . When sounds were presented to the right ear 

for storage , there was a 14 . 3% decrement in performance as 

opposed to when sounds were presented to the right ear for 

immediate recognition . When sounds were presented for 

storage to the left ear , there was a 15 . 5% decrement in 

performance as opposed to when sounds were presented for 

immediate recognition . 
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The most likely explanation for these data holds that 

both hemispheres participate to a relatively equal extent in 

the perception of these non- language sounds . Support for 

this position is provided by the ear by sound interaction. 

This interacti on showed no significant differences between 

the left and right ears in the recogni t i on of non- language 

sounds . However , when verbal sounds were presented , right 

ear recognition was considerably better than left ear 

recognition. This suggests that either hemisphere is 

capable of recognizing non- language sounds whereas the left 

hemisphere is considerably better than the right in the 

recognition of verbal sounds . It would also appear that 

both hemispheres participate to a relatively equal extent in 

the memory of these non- language sounds . However , those 

regions of the two hemispheres in which the memory trace is 

to be stored is less well developed than the region within 

the left hemisphere which is responsible for the storage of 

verbal memory traces. The memory trace for these non­

language sounds , unstably coded, is subject to rapid decay 
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with time or as the result of interference . It must be 

noted , however , that the ear to which sounds were presented 

for storage , either left or right , obtained recognition 

scores of approximately 50. 0%, suggesting that the non­

l anguage sounds were more easily recognized than the verbal 

sounds . This interpretation is further supported by the 

sound main effect which showed non- language sound 

recognition to be better than verbal sound recognition . 

The fact that non- language sounds were recognized more 

a ccurately than verbal sounds , independent of ear , is an 

interesting finding . One possible explanation is that it is 

easier to identify the ear of arrival of the non- language 

sounds than it is for the verbal sounds . Since the non­

language sounds and the verbal sounds were of approximately 

the same duration it may be that the critical fea tures for 

distinguishing the non- language sounds are considerably 

longer than the brief noise bursts and transitions that 

serve to distinguish the six stop consonants . Following 

this reasoning , the non- l anguage sounds would be more easily 

localized than the CV syllables which vary onl y in the 

consonant thus accounting for easier recognition . 

This interpretation of the superiority of recognition 

of the non- language sounds over the verbal sounds is not a t 

variance with the notion that both hemispheres participate 

to an equal extent in the perception and memory of t hese 

non- language sounds . Rather it is suggested that both 
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hemispheres are presented with more distinguishing critical 

features resulting in better recognit i on scores . The 

decrement in performance of the ear to which sounds were 

present ed f or s t orage i s , as above , best explained in t erms 

of a decay of the memory trace or as the result of stimulus 

in terference . 

The above interpretations for t he non- language sound 

condition are at vari ance wi th t he data presented by Gordon 

(1970 ) who found a left ear preference for chords rich in 

over tones . In the present study , synthetically produced 

sounds , which were also r ich in overtones , were employed and 

a left ear preference was not found . Gordon , however , did 

not attempt to control ear order of recognition . Thus , it 

must be argued that t he present interpretation of the non­

language data supports Inglis ' ( 1968) contention that order 

of report i s t he most critical vari able in dichotic 

l i stening studi es with the constrai nt t hat the stimulus 

mat erial i s non- language . 

Summary 

The hypotheses of t h i s study concerned the perceptual 

and memory capacities of the left and right hemispheres in 

man . In the verbal sound condition all of the hypotheses 

were confi rmed . These data were interpreted as providing 

further support for the role of t he left h emis phere and t he 

contralateral auditory pathways i n auditory perception . 

That the right ear preference was sti ll observed when verbal 
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sounds presented to the right ear were to be s tored was 

interpreted as supporting the notion that perception and 

memory interact and that the memory for verbal sounds is 

also a left hemisphere process . That these data were 

obtained with a recognition task with order controlled 

suggests that spoken recall is not a critica l variable when 

verbal materials are di chotically presented . 

Most of the hypotheses for the non- language sound 

condition were not confirmed . Rather it was found that 

first ear of recognition was superior regardless of whether 

it was the left or right ear . These data were interpreted 

as reflecting an equipotentiality of both hemispheres in the 

recognition of these non- l anguage sounds and further suggests 

that the order of report is the most important variable in 

invluencing t h i s recognition in the present study . There 

was no evidence for a right hemisphere dominance in the 

perception or memory of these non- language sounds . This 

interpretation is consistent with Inglis ' ( 1968) findings 

and interpretation . Considering the superior recognition of 

the non- language sounds when compared with the verbal sounds 

it is suggested that the non- language sounds presented more 

distinguishable critical features than the CV sounds , thus 

enhancing perception and memory . Perhaps the most important 

implication from these data for future research is that they 

suggest a different organization in memory for verbal and 

non- language sounds . 
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APPENDIX A 

Pilot Study : Dichotically Presented Verbal Sounds in Which 

a Recogni tion Task was Employed and Order was Controlled 

Introduction 

The purpose of this pilot study was to determine 

whether di chotically presented CV sounds woul d elicit a 

right ear preference under two conditions : when Ss heard 

recognition foils presented first to the l eft ear fol lowed 

by the r i ght ear and when fs heard recognit ion foils 

presented first to the right ear followed by the left ear . 

Method 

Sub j ects 

The Ss were five male and five female gra duate students 

a t the University of Victoria . All fs reported themselves 

as strongly right handed and no f reported any hearing 

impairment . 

Test Condition and Experimental Procedure 

The test conditions and experimental procedures were 

identical to those described in the verbal sound condition 

in the method section of the ma in body of this paper . The 

only exception was that only thirty of t he total of sixty 

trials were administered . 

Results 

The data were treated by analysis of variance (ANOVA) . 

There were two levels of order of recogniti on : Order I , in 

which recognition foils were presented first to the left ear 
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then to the right ear , and Order II , in which recogni t ion 

foils were presented f i rst t o the right ear and then to the 

left ear . Order was a wi thi n group vari able . Ear of 

stimulation was also a within group vari able . Thus , the 

design was a two by two factorial . The dependent measur e 

was t he number of correctly recognized CV sounds for the 

left and right ears . 

Analysis of these data revealed that when ~s employed 

Order I , i . e . left ear fo i ls present ed first followed by 

right ear foils , recognition scores for the right ear were 

superior to t hose for the lef t ear (48 . 7% vs . 38 . 7% ) . 

Similarly, when ~s employed Or der II , i . e . right ear fo i ls 

presented first followed by left ear fo i ls , the recogni tion 

scores were also better for the right ear as opposed to the 

left ear ( 56 . 7% vs . 38. 7%) . St atisti call y , these 

differences are significant : for Or der I (! 9=3 . 57 , £< . 01) 

and for Order II (! 9=7 . 86 , £< . 001). It was also f ound that 

when the right ear was recogni zed first it was s l ightl y 

preferred to when it was recognized second (!9=2 . 86 , £< . 05) . 

The percentage scores and t values for these data are 

presented in Table 6 . These data are supported by a 

significant order by ears i nteraction (F1, 9=9 . 23 , £< . 01 ) . 

The summary table for this two f actor ANOVA i s presented in 

Table 7 . This anal ysis also reveal ed a signi ficant ears 

main effect (F1 , 9=5 . 67 , £< . 05) . The data for this pi lot 

study are presented in Appendi x B. 



TABLE 6 

Pilot Data : Percentage Scores and t Values for 

the Order by Ear Interaction 

Order I 

Left 
Ear 

38. 7 

Right 
Ear 

48. 7 

t 
Value 

3. 57** 

110 

Order II 34 . 7 56 . 7 7. 86*** 

t Value 

* E < • 05 

** E < . 01 

*** E < . 001 

1. 43 2 .86* 



TABLE 7 

Pil ot Data : Analysis of Vari ance Summary Table 

for t he Two Fac t ors , Order and Ear 

Source df Mean 
Square 

Order 1 . 96 
Error 9 5 . 57 

F 

. 16 

Ear 1 57 . 60 5 . 67* 
Error 9 10 . 16 

111 

Order x Ear 1 8 . 1 O 9 . 23** 
Error 9 . 88 

Total 30 

* ::Q. < • 05 
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Discussion 

The finding of a right ear preference is consistent 

with the literature relating language perception to cerebral 

dominance . The most apparent explanation i s to attribute 

the right ear preference to the well documented role of the 

left hemisphere in speech perception and the superior role 

of the contralateral auditory pathways . That these findings 

were obtained when a recognition task was employed and order 

of recognition controlled provides further support for the 

notion that laterality effects are not a direct result of 

testing procedure . 



Ear 

Ss 1 
2 

3 

4 

5 
6 

7 
8 

9 
10 

APPENDIX B 

Pilot Study Data : Expressed in Terms of 

Number of Correctly Recognized Stimulus Sounds 

Order I Order II 

Left Right Left Right 

6 10 5 8 

9 9 6 8 

5 4 9 10 

7 10 4 7 

3 7 2 7 

6 6 5 7 

4 7 4 10 

1 10 3 12 

10 6 10 10 

7 4 4 6 

11 3 
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Ss 
1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
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APPENDIX C 

Ph . D. Study : Data Expressed in Terms of 

Number of Correctly Recognized Stimulus Sounds 

Verbal Sound Condit ion Non- Language Sound Condition 

Order I Order II Order I Order II 
Left Right Left Right Ear Left Right Left Ri ght 

Ss 
11 11 2 15 25 17 10 7 13 

3 12 6 15 26 17 12 12 16 
8 10 8 19 27 23 13 12 23 
6 14 7 13 28 24 22 24 24 

17 22 16 20 29 22 21 20 21 
10 16 6 18 30 24 19 13 27 

9 15 6 8 31 19 14 15 13 
7 1 3 10 16 32 16 13 10 17 
6 14 9 20 33 18 13 10 20 

13 13 8 18 34 22 17 15 26 
12 14 13 21 35 20 17 14 18 
20 22 14 23 36 16 17 21 23 
15 21 10 25 37 20 21 16 18 

7 8 4 15 38 21 18 18 25 
1 3 16 6 13 39 15 11 15 18 
15 10 13 11 40 5 5 5 11 
15 13 11 14 41 28 23 25 25 
14 17 5 21 42 16 10 10 16 
18 17 15 19 43 24 14 10 25 
12 14 6 14 44 27 19 18 22 
7 14 4 19 45 14 12 8 17 

12 11 6 10 46 13 17 18 17 
12 13 10 11 47 14 13 7 18 
1 3 15 6 12 48 21 20 17 19 



APPENDIX D 

Supplemental Analyses : Verbal Sound Condition 

Introduction 
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Supplemental analyses were performed on the data from 

the verbal sound condition to determine whi ch of the six CV 

sounds contributed the most to the laterality effect . The 

data were also analyzed to determine whether there was a 

serial order effect , i . e . di d it make any difference whether 

the correct foil was in position one , two, three, etc . 

Results and Discussion 

Analysis of variance for the ear by syllable data 

showed that the right ear was preferred in the recognition of 

all sounds except da , which both ears were equally 

successful i n perceiving . The dependent measure for this 

analysis was t he number of correctly recognized syllable s 

for the right and left ear . While the r i ght ear was 

preferred in recognizing the remaining five CV sounds, the 

only sounds which proved to be stati stically significant 

were ga (t24=4. 39 , £< . 001) , ka (!24=6 . 14, ~< . 001) , and t a 

(t24=7 . 41, £< . 001) . The pa and ba sounds fell slightly 

short of signi ficance at the £< . 05 level . Mean scores and 

t values for these data are presented in Table 8 . These 

data are supported by a significant ear by syllable 

interac tion (F5 , 115=7 . 63 , £< . 001) . 

As is apparent from Table 8 , the ta sound contributed 

t he most to the laterality effect, with ka , ga , ba, and pa 



Syllable 

Left Ear 

Right Ear 

t Value 

TABLE 8 

Mean Recognition Scores and t Value 

for the Ear by Syllable Interaction 

PA GA KA BA DA 

2 . 76 2 . 88 3 . 92 4 . 00 3. 25 

3 . 96 5. 04 6 . 96 5 . 21 3. 25 

2 . 02 4 . 39* 6 . 14* 2 . 44 o.oo 

-l(- J2. < . 001 
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TA 

2 . 88 

6 . 54 

7 . 41 * 
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f ollowing in that order respect i vely . Theda sound did not 

contribute to the laterality effect . These data are 

somewhat at variance with the da t a presented by Studdert­

Kennedy and Shankweiler ( 1970) who found tha t the stop 

consonants b , g , p , k , d , and t produced the strongest 

degree of asymmetry i n that order respectively. Rather , 

these dat a are more consistent with Gerber and Goldman ' s 

( 1971 ) finding tha t the stop consonants t , p , g , k, d , and b 

produced the strongest amount of a symmetry i n t hat order 

respectively . 

The ear by syl l able analysis also revealed a 

significant ear ma in effect (F1 , 23=56 . 70 , £< . 0001 ) . This 

ma in effect shows , as was expected , the right ear 

pr~ference~ Also found was a significant syllable ma i n 

effect (F5 , 115=7 . 82, £< . 0001) . This main effect is the 

resul t of Ss ' superior performance for both the right and 

left ear of the ka sound and the inferior performance for 

both the right and left ear of t he da sound . Mean 

recogniti on scores for thi s main effect are presented in 

Table 9 . The summary t able for t he ear by syllable data is 

presented in Table 10 . 

The question concerni ng the effect of serial posi tion 

was treated by an ear by serial position AN0VA. As before , 

the dependent measure was number of correct ly identi f ied 

sounds for both the l eft and righ t ear a t each of the 

possible six positions . It will be recalled that the 



Syllable 

Score 

TABLE 9 

Mean Recognition Scores for the 

Syllable Main Effect 

PA GA KA BA DA 

3. 46 3. 96 5 . 44 4. 60 3. 25 
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TA 

4 . 71 



TABLE 10 

Analysis of Variance Summar y Table for 

the Two Factors Ears and Syllable 

Source 

Ear 
Error 

Syll abl e 
Error 

Ear x Syllable 
Error 

Total 

* Q < . 001 

** Q < . 0001 

df Mean 
Square 

1 245 . 68 
23 4 . 33 

5 33 . 18 
11 5 4. 24 

5 22 . 51 
115 2 . 94 

264 

11 9 

F 

56 . 70** 

7 . 82** 

7 . 65-l<··* 



120 

probability of the correct foil occurring in any of the six 

pos itions was one- sixth . 

The ear by serial position interaction was s i gnificant 

(F5 , 11 5=2 . 83 , £< . 05) . The reason for this interaction is 

the rela tively const ant performance of the right ear in 

sound recognition for serial positions three and four while 

the l eft ear shows a considerable drop i n s ound recognition 

for serial position four relative to seri al posi t i on three . 

It must be noted that this interacti on accounted for 

approximately 9% of the experimental error vari ance . Thus , 

it is not unreasonable to conclude that this significance is 

spurious . 

Also found in this analysis was a s i gnificant ear main 

effect (F1 , 23=56 . 07 , £<. 0001 ) . This f indi ng shows that the 

right ear was preferred to the left ear regardless of serial 

order . A significant serial order mai n effect was a l so 

obtained (F5 , 11 5=7 . 32 , £< . 001 ) . This main eff ect i s the 

result of Ss ' inferi or performance in detecting the correct 

answer when it appeared in serial position five . 

Interpretation of thi s main effect is not strai ghtfor ward 

and it is suggested that future researchers using tasks 

which employ serial order be sensitive to its possible 

effects . Mean recogniti on scores for this main effect are 

presented in Table 11 . The summary table for the ear by 

seria l order analysis is presented i n Table 12 . 



TABLE 11 

Mean Recognition Scores for the Serial Order 

Main Effect for Verbal Sounds 

Position No . 1 2 3 4 5 

Score 4. 15 4. 54 4. 71 3 . 81 3. 13 

121 

6 

4. 85 
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TABLE 12 

Analysis of Variance Summary Table for the 

Two Factors Ear and Serial Order for Verbal Sounds 

Source 

Ear 
Error 

Serial 
Error 

Ear x 
Error 

Order 

Serial Order 

Total 

* .Q < . 05 

** J2 < . 001 

*** E < . 0001 

df Mean F Square 

1 208 . 42 56.1 0*** 
23 3 . 72 

5 20 . 27 7 . 32** 
11 5 2 . 77 

5 4 . 21 2 . 32* 
115 1. 81 

264 
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Supplemental Analysis : Non- Language Sound Condition 

Introduction 
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Supplemental analyses were performed on the da t a from 

t he non- l anguage sound condition to det ermine whether any of 

the six sounds were more efficiently recognized than the 

others . The data were also analyzed to determine whether 

there was a serial order effect . 

Results and Discussion 

To determine whether there were any differences in t he 

recognition of t he s i x sounds , the dat a were analyzed by a 

one way ANOVA. The dependent measure was number of 

correctly recognized s timulus sounds . Analyses of these 

data revealed a significant sound recognition effect 

(F5 , 11 5=3 . 66 , £< . 01) . Inspection of these dat a shows that 

sound five was recogni zed mor e efficiently than any of the 

other sounds . Statistically, however , this di f ference was 

only significant for sound three (124 ~3.19 . £< . 01). Mean 

recogni t i on s cores for this effect are pr esented in Table 13 . 

As with t he verbal sound condition, the question as to 

whether there was a serial order effect i n the non- language 

sound condition was treated by an ea r by serial or der ANOVA . 

The ear by serial order interacti on was not significant , 

however there was a significant serial order ma in effect 

(F5 , 11 5=9 . 55 , £< . 0001 ) . These data show a decreasing 



Sound 

Score 

TABLE 13 

Mean Recognition Scores for 

the Sound Effect 

1 2 3 4 5 6 

11 . 08 11 . 50 9 . 54 11 . 13 13. 79 11 . 08 

124 
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efficiency in correct sound recognition with the passage of 

time , i . e . subsequent foils . Position one is recognized 

significantly better than all ot her positions except 

position two , and posi tion six is recognized significantly 

less efficiently than all other positions except position 

five . Mean recognition scores for this main effect are 

presented in Table 14 . 

The most apparent explanat i on for these data is that 

t he non- language sounds are not very s t ably encoded into 

memory store . With the passage of time the traces decay 

and recogni tion becomes much more difficult . This 

i nterpret ation is consistent with the one offered in the 

main body of this manuscript . The summary table for this 

ea r by serial order analysis is presented in Table 15 . 



TABLE 14 

Mean Recognition Scores for the Serial Order 

Main Effect for Non- Language Sounds 

Position No . 1 2 3 4 5 

Score 6 . 58 6. 08 5. 58 5. 67 5 . 52 

126 

6 

4 . 67 



Source 

Ear 
Error 

Serial 
Error 

Ear x 
Error 

TABLE 15 

Analysis of Variance Summary Table for the 

Two Factors Ear and Serial Order 

for Non- Language Sounds 

df Mean 
Square 

1 7 . 67 
23 2 . 58 

Order 5 19 . 59 
11 5 2 . 05 

Seri al Order 5 1. 39 
11 5 1. 49 

Total 264 

* E < . 0001 

127 

F 

2 . 99 

9 . 55* 

. 93 
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