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y Cerebral hemispheric differences in the perception of

/
spaech sounds have been reported by several authors using the
dichotic listening paradigm suégesging greater left

hemisphere involvement in the processing of speech

R)
1nformatlon. Four experiments, in which a varlant d the

PR
o
f

7»‘&,
dichotic llstenmg techk}ue was used, are\reportedﬁ‘ th t;_ f
examined the partic1pation of each cerebral hemlsphere 1;1 the\

‘perception of speech. These experlments 1nvestigatec¥ the

relationship between properties of speech sounds and\‘their o
\
psycholog1ca1 representation as given in a multidimensional , {

'scaling" analysis.” Perception of consonants was investl éted
] .

in the first' two experiments and_pércepti‘on of vowels | ‘ the

N

th)ird. :?‘A(e results é‘hggested that it is the case, both fo

f

F]
preferentially managed defining features of speech sounds

t

consonant and vowel percgptio}\, that hemispheres \\

with no particular hemispher'e dominating ‘perception of a . \

whoie class of speech sounds. For consonants, the right ° \

. o y
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experiment atftempted to generalize the

. ‘ \ o
The results showed faster and better diff tenti\\ationrof

nl e o e e

ii

processing voicing while the left hemisphere was more

» 3 , .
involved in the treatment of place information. For vowels,

canonical correl,ation analysis results suggested greater‘ ,b

right hemisphér'f"involvement in F2 pernception and greater
1n\jings of the S i
previous xexperments and mvestigated each cerebral ‘
hemisphere's contribution tm the acguisi icn\\of thinese -

. \ . \
phonetic categories differentiated on volring ‘\and aspiration.
\ ’

categories contrasted on voicing and 2 slower ‘bl\iF significant
acquisition of the aspiration contrast for the lé,ft

hemisphere only. These findings suggest activé paz\‘\ticipation
on the'part of both hemispheres in the treatment‘o\;‘\ speech
information, More impo;tantly, the results showed t\lat' :
perception oc‘curredaat the level of the defining. feaitures of

the stimulus rather than at the level of‘the stimulu

éompl ex.




~

.

‘thesis would not have been possible. !
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INTRODUCTION

EkMajor advances have been made in 'the past two decades in
our understanding of speechnperceptiqn and of speech ) ,
processing at-the phonetic level. One of the fascinating )
problems that hascemergeg is the role or roles of the two
#» cerebral hemispheges in the perception of speech. There is
uncertainiy about many aspects of this issue. For example,
’one major issue to be resolved -is whether the lateralrzatioﬁ
of certadin language functions is the endpoint of a ]\
' developmentél process originating jn an initiél bisymmegric 7
Acerebral representation of early verbal behavidr,
("pvogressiye lateralization™; Brown & Jaffée, 1975; Krashen,

1973; Len ry’, 1967) or whether the ultimate lateralization

characteryistics exist in the same form from the start

’ ("invariant lateralization"; Kié%bourne & Hiscock,
L o

1977} .There is also argumedt about the exact nature of\

, hemispheric diffefences and about the factors that may ‘

1

influence laterality patterns in both normgl individuals and

patient populations (Levy & Reid, 19787 Moscovitch, 1979), ° -

\ Our interest in this thesis is the possibly differential
involvement of the left éﬂﬁ'right hemispheres .in procéssinq
phonological information. Below is a review of results and

~

! .
methodologiés of several of the more recent laterality

"Wf

3
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studies, whose contribution has been to disect attention to

the importance of processing strategies and task

3

characteristics in the evaluatioﬁ of hemispheric differences.

8
Ry

. Pollowing this review four experiments are‘reported that «

<4
examined the participation of each cerebral hemisphere in the

perception of speech sounds. In these experiments a variant
of the dichotic listening paradigm was used to assess
hemisgherié {Evolvemen;'iq ﬁhe\perception of English and
foreign speech sounds. The first two expe;iments investigated
the nature of ear differehces in the perception of English

consonants while ear differences in vowel perception are

4

evaluated in the third. The fourth experiment éddressed‘the

question of the development of eaq? hemisphere's contribution

to t“p perception of new phonetic categories, that is, not in

the perceiver's phonological repertoiré.
&

Es4

Hemispheric, Specialization and Processing Strategy

Traditionally, the lateralizatlon of functions of the

brain has beeh characterdzed in terms of simple dichotomies.

For example,'early behavioral research vhad sought to define
hemispheric asymmetries of function in terms of the cortical

loci for the processing‘;f fundamentally different kinds-of

[t ]

stimuli, such as verbal versus nonverbal material. Thus, when

it was shown that right-handed subjects were better aBle to

¥
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identify letters flashed in the right visual field, and hence

to the left hemisphere, the result was interpreted as
refiecting the outcome of an,interaction of a verbal

1967). Stimuli r

: a
processor with a yerbal stimulus (Bryden, 1965; Kimura, -
/;}ealing a right hemisphere advantage proved

to be more elusive: a left visual field superiority ygs
N

reported for facial recogqitibn (Rizzolatti, Umilta, &
Berlucchi, 1971) and a left ear advantage forlrecognition of
diéhotically pfesented melodies (Kimura, 1964; but see
Bradshaw & Nettleton, 1981). These results were also
interpreté& as reflections of a match between proéessor and
stimulus. Most functional differeﬁces between the )
hemispheres,. however, go beyond specializétion for different
kinds of stimuli and may inciude basic differences in the
ways processing is carried out at.each hemisphere.
Specialization according to stimulus properties

It is becoming increasingly ap{brent that tasks that
might ;uperficially be labeled linquistic or visuospatial are
comprised of pﬁoceffizg stages that individually engage one

or the other hemisphere. Bryden and Allard (1976) asked

subjects to orélly identify individual letters flashed

‘tthitoscopically to either the right or left side of a

fixation %Pint. What varied was the typeface in which the
letters were printed. They found that most typefaces were
reported mbre aécurately when présented to the right visual

¢
i

| 38
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field (RVF), the expeg;ed effect forpasyerbal naming task;
some t&pefaces;‘however,_werq‘reported more accurately in the

left visual field (LVF), indicating that the right\hemisphere

was more sugfessful at'prqcessing them, The typeface that

involved more right hemisphere processing seemed to be more
script-like (chr;ive) and in one case to be subjesgiyqﬁg .
three-dimensional. It seems that the lipguistic nature of the
letter-naming task was insufficient to insure a left
hemisphere dominance. Bryden aéd Allard argued that the‘
preprocessing stage of visual identification is likely to
pr;ferentially involve the RH and that in the case of certain
typefaces, this stage was sufficiently difficult that the
RH-processing signifigantly af?ectedgihe accuracy measures.

It can also be concluded that processing specificity is an:
N

important aspect of dominance.

Specialization according to' task demands
Other investigators have stressed the type of task

required of the subject and emphasize less the nature of th?
stimulus. In a study by Klatzky and Atkinson (1971), pictures
of common objects were the stimuli and the subjects' task was
to.determine if the initial letter of the name of the object
beionged to a set of ‘previously presented letters. A right
visual field advgﬁtage was observed, indicating that the

nature of the task attending to the name of the object

pictured (a linguistic activity believed to prefenéﬁéially

|
p P

4

€
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involve thé left hemisphere), was a critical determinant of .

éhe type of visual field advantage to be found.
An equivalent reversal of the'hemispheric”effects that

might be predicted from the nature of the stimulus was

obtained by Gibsop, Dimond and Gazzaniga (1972) Qho found a

left visual field advantage in a woré-matching task when 15}

subjects could respgzd simply o

the bgsis of the -physical )

-,
characteristics of the stimuli.\In this\gtudy, subjects were

wm‘\;“aﬂ

. | 4
presented‘with a single word displayed for } segs across both

visual fields, followed by a second rd ¥lashed for 40 msec
on the left or right of fixation. The-d ration of the

stimulus Qas too brief to permit identification and subjects
presumably performed the task of éecid ng whefher or not the /
twofletter\gtrinds were Tdentical h the basis of gross
configurational properties of e words rather than on the

basis of their sem

This effect of task demand is also clearly illustrated
in a study by Veroff (1976) who compared the performance of
patjents with sevgre RH lesions to those with severe LH
lgéions o;‘a task of arraAginq three pictures (place set and
category set) in @heit correct sequence. The groups showed a /
compiete dissociation on these tasks: the LH-lesidned group
was both slower and less accurate on the change-of-category
Zets, while the RH-lesioned group was both slower and less ?

ccurate on the change of place sets. What woulfl appear to be

a similar task, ordering three pictures in a corfrect L
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sequence, seems to inCBlve different kinds of cognitive ¢ .

A

processing specificity which wblild engage both hemispheres to

. different degrees.

-

Results such as these have given rise to the suggestion \\
{ that subjects cah process vérious stimuli in different ways
.dépending on their "psycholoéical set" (Segalowit# & Gruber,
1977). For example, aI;hough a stimulus méy be non-linquistic
(music) it can be processed by some listeners (musicians) in

the left hemisphere while other subjects may process it in

" the right hemisphere (Gates & Bradshaw, 1977; Bever &
C(hiarello, 1974). Thus a person's processing strategy may
dictate to a certain extent how information is dealt with-in

the brain.

’ N

Speech Analysis and the Cerebral ‘Hemispheres

-3

AN
Although processing strategies seem to contribute

éreatly to the effects observed”in laterality research, it
should be noted that tﬁere are examples where certain
properties of the stimulus seem to be crucial. In a dichotic
listening experiment using synthetic fricative-vowel )
'syllables, Darwin (1971) observed that fricatives synthesized;
with rapid formant transitiops showed a right ear adva;tage,
while those synthesized without-such transitions failed to

reveal any asymmetry. -Since the subjects_iﬁ this study were

-
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' asked to identify the dichotically presented syllables on .

each trial, task differences cannot alone explain the \am

results. .

One posgible intérpretation of these results is thatxthe .

W

r

left hemisphere is'specialized for the extraction of
information in rapid frequency changes, and t?at stimui@
lacking suchOtransitions maynbeuprocessed iﬂ either
hemisphere. In shis conception the phonetic properties of the
stimuli would be more important tha% th 'acoustic properties,
Oﬁe would predict from this model 2 right#ear advantage egen
gor pﬁonetically impossible stimuli as long as éhey contain
formant transitions. Cutting (1974) has reported precisely
thét: Complications arise, however, since speech stimuli ‘
without formant transitions often show a right ear advantage;
This has led Cutting (1974) to suggest tHat there m;y be two
left-hemisphere mechanisms operating on incoming auditory
informétion,'oﬁe primarily acoustic and the other primarily =
phonetic. In the first, the analysis of the speech signal
tesulgs in_a corresponding set of nonlinguistic parameters
such ;s tsg‘frequency of the signal, its gmplitude, and
changes in these parameters over time. In the secénd, the
listeﬁer‘presumaﬁly focuses onycertain aspects of these
parameters, or combination of cues, and processes them
further 1n‘order to reach an organized linguistic

description.

There is not unanimous agreement on the need to
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postulate a specializedkleft hemisphere processor to deal /

with the processing of the speech signal. Accotd}ng to motor

\

o~ .
theory (LiHe}man, Cooper, Shankweiler, ‘s Studdert-Kennedy,

1967), speech perception is mediated by mechanisms of speech

broduction. Whether operating /by mechanism& involving feature

" analysis (fqﬁ-detailed discussion and critique of. feature .

detectprs, see Diehl, 1981; Remez, 1979).or motor synth;;is,x
the 3w£$\hemisphere has traditionally b;en thought to be
endowed with spec}alized segmentation processors that
decipher the continuous speech stream into phbnetic elements,
track the rapid formant transitions (important cues in the‘
idéntification of complex'sggech sounds such as consonants;
for a more éetailed’discussion of the left hemisphere .
involvemgnt in the encoded asbects of language, see Liberman,
1974) and adjust for differences in vacal tract size (Darwin,

. $
1971; Liberman, et al., 1967). One of the functions of this

‘speéialized mechanism within the "language" hemisphere

appears to be the conversion of the acoustic signal into a
phonetic signal. There is, however, evidence mdunting'that
4

o \
contradicts such a notion.

Kimura and Folb (2968) claim that backward speech, wh;ch
does not conserve the characteristics of speech sounds, -
generates a right ear advantage (REA). Allard and Scott
(i975) have shown that larger asymmetries favoring the right 
ear are obtained for speech stimuli from whichAfbrmant

transitions, the very cues necessary for the identification

A

[
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of.cqpsonahts, have been removed. On the basis of such
findings, Allard and Scott have suggested that spegch
analféis bg the leét hemisphere ma} simply be 2 part of a
more general system for segmenting sequential acoustic 1nput.
'Other researchers have also re]ected the fconstruct of a
specialized speech mode of perception. Some have suggested
that feature 'detectors are not speech specific (ﬁemez, 19?9)

- ;ng'neither are categorical pgrceﬁtion (Studdert-Kennedy,
1980) or thé perception of the critical voice onse£ tim;

» (V~0T) (rfolfese‘ & -Hess, l97§). Furt;he'rmore,’it has récently
beenh shown that listeners perceiv% linguistic significa%cs in
acoustic patterns with properties differing wide1§ﬁfr9m éﬁosg
tradi%lonally‘held to underlie speech perception (Remez,
Rubin, Pisoni, & Carrell, 198i).'This phenomenon of "speech
pérception without traditional speech cues™ led Remez and his
cgllgagues (1981) to conclude that "speech pérception makes
use og time-varying acoustic properties that are more
abstract than the spectra and speech cues ;ypically studied
in speech ré;earch (p. 947)".

At a more general level, another serious argument
against postulating a specialized speech processor emerges
from §§udies demonstrating that phonetig-like processing can
occur f;r natural evenés, outside of speech, throughout the R

auditory domain, Rise time, £or éxample, is a musical {i

dimension that is categorically perceived (Cutting, 1977;

Cutting & Rosner, 1974, 1976). Notes produced from stringed

Lt
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\emerged from his research is that pérception of the VOT cue, (5

‘ ’ . » 10?, .

I\

. '
musical instruments are identified as either plucked (rapid -

rising times -0 through 30 msec) or bowed (more slowly rising
times -50 through 80 msec). The peréeption of fhgv

plucked-bowed distinction meets all the criteria for

cateéorical perception suggested by Studdert-Kennedy and his
colleagues (Studderf-Kennedy, Liberman, Harris, & Cooper,
1970) . Furthermdre, the pluckedgbowed distiﬂction has been‘

showﬁ to be categorically perceived by two month old infants

(busczyk, Rosner, Cutting, Foqrd, &smith, 1977). This

parallels the i;fant's categorical perception of‘éonsonants ‘L
(Eimas, Siqueland, Jusczyk, & Vigorito, 1971).

Recent results from electrophysiologica} correlates of
speech perception suggest an alternative vieroint éo tﬁe
traditional dichotomy of function between the hemispheres in
the treatment of speech information. In a series of studies
focusing on certain aspects of‘the»speech éignal such as “
voice onset time (VOT) and consonant identification, Molfese
(1980a, 1978a, 1978b) recorded auditory evoked responses to

the presentation of speech and nonspeech stimuli varying in

voice onset time. One.of the findings of importance that has

in both speech and nonspeech contexts, is controlled by

'

several cortical pY6cesses, some of which restricted to the
R .

right hemisphere. These data suggest that researchers who

-

have assigned lateralized effects in the discrimination

between speech and nonspeech to a left hemisphqu speech
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processor’ma& have failed to apply appropriate stimulus

¢

controls (Molfesé, 1980a).

Findiﬁgstsp;h as theéé'raiée guestions about the role
~» 'played by phone;ic processing in speecﬁ perception iﬁ a
.~broader sense than it‘has been considered so far. Some

recent data obtained from: sblit-brain subjects suggest “that
phonetic anglysis ;whefher the output of a ;p?cial speech
processor or not- does not necessarily précede the extraction
of meaning from speech. Springer and Qazzaniga (1975) and
Zaidel (1978) have studied £he capacity of the right

bt hemisphere in commissurotomized adults to process syllables

composed of a stop consonant and vowel. In both studies pairs
of syllables were pgsfented dichotically in an experimental
task designed to optimize processing and output of stimuli
preéented to the left ear. Lgft ear -performance was;
however, -at c?ancé level cSmpared to"nearly perfect
performance of stimuli directed to the right ear. Tﬁe same

subjects who" displayed an inability to process the étop-vo&el

syllables in the right hemisphere were able to-respond to the
'presentation of spoken words and sentence; when response
choices were reétricted to the r{ght hemisphere (Zaidel,
lg78}_Gazzaniga & Sperry, 1967). Thus the right hemisphere
. in these patients prove@ unable to make certin phonetic

distinctions, although it did demonstrate the capacity to

deal with words and sentences meaningfully. Levy (1974) -
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argues that tge inab{lity of the fight hemisphere to carry
out phonetic analysis is due éo its iack of a méchanTEm *for
going from word phonologies in long term memory to
articulations™. She continues, "whatever phonoloegies éfe
possessed by the minor hemisphere, they serve for the o
function of allowing .spme simple speech to be decoded with
resbect to meanin? and have no interconnection among
themselves. The right hemisphere may know... that 'cat' means
? furry, small pet with claws, but it does not know that.
'cat' rhymes with ‘rat'"™ (p. 149). '

It is ﬁossible that phonetic analysis may not be
nécessary to the process of speech understanding in some
instances. The rigﬁ% hemisphere may demonstrate a mode of
speech perception in which holistic proeessinq plays an
important role. The superiority of tﬁe right hemisphere for

holistic proces€ing ,in the visual modality has been well

documented {e.g. see Levy, 1974)%, and it is reasonable o

suppose. that a similar processing strategy might apply when

that hemisphere is required.to process speech.

It should nog'be evident that differences between the‘
hemispheres are not limitedrto speciaiization for different
types of stimuli.‘Basic differenégs in the”way eagﬁ
hemisphére ﬁrocesses information must also be taken into

account. The dichotic listening technique, which is probably
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"the best known and most accepted task reflecting brain
lateralization, has been the most frequently employed method
in the evalution of these hemispheric functional asymmtries.

Most formulations on information processing by the brain
derive from re;ults obtained via the dichotic 1istening )
meéhod. It seems then that we need further comparisons of the
different tasks and response modes in order to better
understada differences in hemispheric processinq. Thus, ii'
the present researé%, a variant of the dichotic listeningog
procedgre will be used. Before describing the technique of
presentation used in this research, a cxigicaliexamination of
the dichotic listening technique is warranted.

N TN ,
P o '

Dichotic Listening
»

Each ear projects both contralaterally and fpsilatrally.
This projéction, ‘from the level of the superior olivary

nucleus upward (Berlin, 1977; Moyer, 1980) prevents

lateralization to ona/ﬁemisphere only in the case of monaural

presentation of stimuli. :

In dichotic listening, the gubject wearé headphones and’
i; presented with one message to one ear and an ﬁnreiated
ﬁessage to the other. Thus/foth ears simultaneously receive

different messages. The amgount of information is so adjusted

that the subject has difficulty in correctly reporting all
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the maferial. The\subject's relative efficiency ih reporting
input, to each ear is computed and if s/he shows an ear
advantage, namely better retrieval of messages to one ear.
than the other, then (in the absence of differential hearigg
loss as an explanation) language lateralization is attributed
to the side contralateral to the ear that has Ehis ;dvantage.

. Broadbent (1954) reported that when competing speech
messages are presented simultaneously, more messages are
processed accurately by the right ear chennel than by the
left one. Kimura (1961) ascribed this right ear advantage
(REA) to the pfesumed dominance of the left hemisphere for

speech functions. These results have been interpreted as

'being due to suppression of the ipsilageral pathwéys undef B

conditions of competition {(Heilman &'Watsdn, 1977), leaving
only the contralateral péthway fhnctional. Further evidence

b
for this interpretation comes _also from the work with

conmissurotomy patients.)These patients-experienceqno
difficulty under monaural presentation, but are unable éo
reportf%ost of the left ear inputs,_p;esumabl} becanseﬁthese
inputs project only Fo the "mute ri;ht heﬁiéphere" (Milner,
Taylor & Sperry, 1968). l

©

Al
Tl

Variations of the dichotic listening technique
Researchers have sometimes found it necessary to alter
the basic dichotic listening paradigm. This was usually dorie

with the . purpose of answering questianS’that the technique,
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in its original formulation, could not have apparently done -

~ r
or 6f achieving a better understanding of dichotfic listening
!
itself Fé.g., Beglin, 1976). In one technijue, for example,
the subject is’ asked to report first from one ear and then

- from the other, the order of report being counterbalanced

within the session. In another, the subject\m%nitors both

e

ears for one or more target stimuli. In a‘third, the: subject

knows which target stiﬁﬁlihto expect but is asked to
& .

1§teralize them (Kiﬂsbourne & Hicks, 1977). Researchers find

»

#t possible, in another technique, to establish asymmetries
by monaural input, comparing the ef%ﬁgieﬁcy of retrieval from

each of the two ears over a large number of trials‘(Béver,

1971; Morais & Darwin, 1974).
Reaction time has also been used in the study of
]
~ hemispheric asymmetry of function. Its application is

illustrated in a study of ear asymmetry where CV syllables

arg opposed by contralateral noise (Springer, 19735. Previous

studies using percent correct identification as a dependént '

*

measure failed to reveal any ear asymmetries in this task

(Darwin, 1971). InTSpringer's studies, no differences in the
. N ’

correct percent identification as a function of ear were

found, but the reaction time meqéqre revealed a l4-msec )
“advantage }n-favor of the righf ear., Reaétion time has beep - (
) extensively used in tachistoscospic studies (Geffen, p
Bradshaw, & Wallace, 1971; Gross, 1972; Moscovitch, 1972; .

., - Segalowitz & Hansson,.1979) but in only a limited way in

~
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dichotic research (Springer, 1973; Kallman & Corballid,
1975). The use of reaction time as a dependent measure in
dichotic listening may thus reveal patterns of asymmeéqies
previously undetected with other paradigms (e.g., percent
corréct recognition). ~

t

It appears also possible that in studies in which /

t

henispheric asymmetry is examined with tasks involviné motor
produétion (oral reading, writing, verbal. report) there is
more left hemispheric activation due to motor programming.
The implication is that studies‘hsing a "recognition™
paradigm where subjects are required to verbally report Qhat

they have heard in a dichotic task or ‘what they haye seen in

a tachistoscopic task may deteét mo left~hemispheric

activity due to motor progrémming. It may well be that

subjects could develop a psychological set for motor

programming that re@pqes or increases hemispheric asymmetry.

Thus, there may be in some studies an interaction between

stimulus and task variables that could affect subjects'

pracessing mode.

Technique of Stimulus Presentation ;

While dichotic listening studies have pontributeﬁ much
to our current ideas about the nature of hemispheric

asymmetries in normal subjects, the meaning of results

N |

s
W
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obtained from these studies is not always clear. One concern

w

is that repeated testing of the same subjects does not always

-

produce the same results. Some studies have found the
reliability of the dichotic and tachistoscopic tests to be
lower than one might expect (Blumstein, Goodglass, & Tartter,

1975). Moreover, Teng (1981) has'arqued ‘that dichotic ear,

.difference reflects an "input asymmetry" between the

e ey -

‘ ) contralatera} and ipsilateral ear-ﬁo-hemisphere projection in
1 ' addition to an "ability asymmetry" between the hemispheres,

- She suggests that between-individual variations in ear -
diffgrences may be attributable more to variations in input
asymmetr? ﬁhan to those in hemispheric %symmetry. Dicﬁotic
listening :hus appears on logical considerations to be a poor

index for hémispheric specialization.

" In spite of these shortcomings, dichotic listening
.techniques have helped raise'ihterestiné theoretical issues.
One of these is wh?ther hemispheric differences are absolute

or relative. Does a difference in performance between ears

9

refiect the fact Ehat.onl& one hemisphere is capable of
performing thﬁ task? Or does it simply mean that one ’
hemisphere is better at the task than the other? The typica)l
study does not allow us to teéée these alternatives out
- "~ because performance in the dominant hemisphere may result
w{’ either from more efficient proceésing‘by the specialized

*

hemisphere or from processing by the specialized hemisphere

e bt e 0¥ AN T, 2 A T e =

after transfer oflinformation across the cerehral

.

./
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commissures. The results would be presumably the same‘in

«

either case: a difference in performance between the two

7~

sides. To examine this issue and to assess the refative
contribution of each %emisphere to the perception of speech

sounds a variant of the’dichotic listening technique(y;sﬁﬁfed

SO 2

-

in the experiments described later.

In thié variant of the dichotic listening technique
subjects were presented with pairs of speech sounds given in
randgm order to either the left,the right, or both ears.

White noise iﬁythe opposite ear accompanied the occurrences

of the speech stimuli only whery they were presented to efther
the left or right ear. Thus,’each subject judged each

stimulus pair under three different conditions: with white

noise in the left ear, with white noise in the right ear, and .
without noise. thte fiois® was chosen because its broad

spectral band was believed to cover the frequency range of

the stimuli used in all experiments, and to serve, at a low"
signal-to-noise ratio, as an inhibitor of ipsilatéral ang '
créss—callosal transfer of speech informétion (e.g.,

Springer, 1973). Subjects were asked to judge the degree of
dissimilérity between the stimuli within each pair. The

judgment task allowed the subﬁedts to develop their own ¢

strateéies and imposed little, if any, constraint on.the \
manner in which the stimuli were to be judged.

Presumably differences in thé-percéptual configurations

p
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derived flom multidimensibnal scaling analyses would réf;ect
differences in perception and information processing. A\
structural analysis of each configuration can thus yield both
qualitative and quanéitative infotmation°abodt hemispheric
}funqtional asymmetries with respect %o speech perception. The
manner in which thesﬁ*structural analyses of thg
configurations helP us probe the processes involved in‘spéech

- ’

perception is taken up below.

. Perceptual Representation
Much of the work on the represehtation of complex

stimuli, auditory or visual, supports the notion that

perception_fs based on an analysis of stimulus patterns along
. a number of psycholpgical dimensions or features. '

Information-pr&céssing models often refer to this processing

as "feature extraction”, which is thought to reflect a

selective reduction of information whereby perceptually

*salient features are extracted from the pattern while other

o

information is not retained.
? One may cohceive of these dimensions as fdrming a
multidimensional perceptuél space in which each stimulus is
represented as a point. This space, of course, is not
directly observable aﬁd both the set of dimensions comprising .

!
the space and the loci of the stimule within the space must

5

1
i
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\____/ y ;
be inferred or derived by indirect methods. Multidimensional

scaling (MDS) is an important method for deriving a

representation of the perceptual space (Ramsay, 1978 Romney,

1g_shepard & Nerlove, 1972) . Multidimensional scaling

techniques are designed to decompose a matrix of pairwise

.1
similarity or dissimilarity judgments on a set of complex

D. stimuli into a metric space of some (investibatorJSpecified)‘

number of orthogonal dimensions., Egch stimulus is definedmd%
a point in the space spch that, idealyy, the distances
bétween pairs of stimuli in the space are monotonically
related to the degrees oﬁ judged dissimilarity of the pairs.

MDS methods are thus designed to find the dimensions given

1 .
the dissimilarities. The typical input data consists of an n-’

x n (or {n x (n=1))/2) matrix whose cell values indicate the
dissimilarity of pairs.of the.n stimuli. Dissimilarities are
geperally assumed to measure the psychological distance
betﬁeen the stimuli (Ramsay, 1978).

The centray assumption underlying MDS techniques for
peréeption is that stimuli are "coded" internally in térms of
continuously varying parameters or dimensions. The aim of -
MDS is to discover the number of dimensions relevant to
perception of the stimuli Qnder consideration and to
determine the stimulus coordinates on each dimension, i.e. to

determine the dimensionality and configuration of stimuli in’

multidimensional

’
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oft the stim;xli within the space may be interpreted to reflect
the structure of psychological space. Having thus obtained
an abstracted multidimensional solution, an investigator may
attempt to relate the der‘.ivgd ésychological dimensions to the
known physi¢cal structure of the stir:\zlil. Succ;ss in
identifying the psychophysical functions relating
ps{chological to physical dimensions is typically measured by
a high correlation between values on a psychological
dimensions and values on the candidate physical measure
across stimuli. The problgm c;f interpretation, the;\‘,‘ is to

identify physical or other correlates of these psy<':l'xolo<;1ca]{k~

dimensions, or to specify their psychological meaning in some

.way. It should be noted, however, that interpretation is

" sometimes configurational rather than dimensional; i.e., it

entails description of meaningful clusters, symmetries or

other patterns in the multidimensional configuration.

. Furthermore, dimensions need not vary continuously in the

sense that all possible values will be evidenced, but may be
more discreetly valued, as would ‘be the case if st‘r‘ong “
clustering occurred (cf. Torgerson, 1965, f?'r a more detqiled
di§cussion) . ]

MDS methods have 'bé'"‘en used successfully to identify
psychological dimensions underlyiﬁg the pe.rception of speech
‘sounds (eg., Cohen, 1978; Klein, Plomp & Pols, 1970; Shepard, ‘
1972; Singh & Woods, 1971). In this context\:, success has

usually meant that the derived configuration accounts for a
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. large proportion of the variability in the dissimilarity

judgments and that the revealed meaning of the psychological
dimensions is intuitively reasolnable.

Shepard (1972) applied multidimensional scaling
techniques to some data from Miller and Nicely's (1955) study
of confusions among English consonants. The .subjects in
Miller and Nicely's experiment listened to female speakers .

read one-syllable stimuli, such as /pa/,‘ /ta/, /ka/, etc.,

from randomized lists, and

te down the consonants they

heard after each syllable was spoken. There were 17

~experimental sessions in eaeh of which speech transmission

was degraded in ; different way. 'Sheparﬂd (1972) subjected the
pooled symmetrized matrix from the noiée S'Gnéitions to MDS
analysis, A twé;dimensional (rotated) space was\ obtained for
these data (Fiqure 1). Shepard assigned the interpretation
"voicing" to the horizontal dimension, since it distinguishes
the voiced consonants (those, which, when spoken, produce
vocal cord vibration) fromutheir voiceless cognates. The‘
inﬁerpretation "nasality" g‘iven to t};e vertical dimension
reflects the fact thqat the two nasals, /m/, and /n/, are
separated from the othér coksona‘nts. ‘
Even though only two distinctive features (vo/icing and
nasality) are explicitly used in the labels for dimensions,
Shepard does point out that some information regarding
affrication and place of articulation is preserved in the

two-dimensional configuration where, for example, the stops:

\
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Flgure 1.. Spatial and hierarchical representation
o " " of the perceptual similarity between
- consonants derived from Miller and ‘ .
. - Nicely's (1955) data. From Shepard (1972). o
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are generally at opposite extremes of Dimension 1 with the
fricatives in between. Figuré 2 shows some of the possfbl‘e
places of articulation as iJndicated by the arro::s going froﬁ
one of the‘hlower articulators to one of the upper
articulators..

{

Research conducted on Dutch vowels has shown that
§upetix;1posn:ing"the derived p;rceptual space onto the physica‘l‘
space (reduced after a principal components analysis and a ’
simple gdometric’ transformation) yielded pract':ical,ly the same
loci for most vowels in botp spaces (Plomp, Pols & van der
Kamp, 1973).' Cohen (1978), using MDS procedures, wobtained
similar results with English synthet{c vov'rels presented in
three diffv‘erent phonetic contexts. In these stud ies‘,‘ V IR

excellent correlations between the physical and psychologiéal

configurations were fot&nd, indicating that.information

similar to that contained in the sbe’ctral repr‘esentatio?ib may

be used directly in the perceptual judgments of speech
o ~

S
sounds. ;

=
' ---~Thésé studies suggest that construction by subjects of a
perceptual space/of' speech sounds Eefinitely takes into
account some important physical characteristics-which can be
related, in the case of consonants, to manner and place of
atticulation and, in the case of vowels, to tongue height ahd
aavancement which Jrefer to the first and second formant

frequencies respectively. All this suggests that any chahnge

in the physical pa‘rameters of the speech signals would , !
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pharynx

-

Figure 2. Diagram showing vocal organs and a few.
possible places of articulation. (1)

bilabial; (2) labiodental; (3) alveolars;
(4) velar. i : ¢

2t
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translate into changes in the perceptual representation of

the stimuli involved. Conversely, changes in the perceptual
configurations may reflect differences in perception. :
- .
!
J
~ '3 4 4
4
3 \ ¢
. v
1
l
‘ 1 4
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3 . The Experiments . - palas

urpose of ‘the experiments presented in this thesis
e the contribution Qaf each cerebral 3

hemisplére t e perception of speech sounds. More

ERSSALPNF PN

specifically, the issue was to try to determine whether the
right hemisphere was involved at all in the process of speech
perception, and given that it was, to determine the extent of
its participation and the nature of this participat-:ion. ,
Four experiments were cartied out in an effort to answer i
these questions.The first exi;eriment addressed the problem of
hemispheric iﬁv,glvementpin the perception of Engiish
consonants. Stimuli similar to those usc-.;d by Miller and

Nicely (1955) were used in this experiment to provide

reference data and to com\pare the derived- perceptual
representations to that obtained by Shepard (1972) in his’
reanalysis of the Miller and Nicely's data.

The secqnd experiment explored the extent of each
hemisphere's contribution to the perception of‘t}wo important
defi‘ning featxyg of conéonants, 'voicing and place of
articulation. Stop consonants similar to those used by
‘Studder't-Kennedy and Shankweiler (1970.):*;9:}?5\\1'556 as stimuli.

The third experiment investigated vowel perception in an

effort to determine whether traditional classification
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'systems of vowel sounds, in terms of tongue height and “ oy
advancement could account for the perceptual representations
derived from presentations to each ear. ‘' . ‘ ,
The last experiment concerned the involvement of each
hemisphere in the acquisition of new phonetic categories . o
t ' ?
(Mandarin Chinese retroflexes). . (
: o ¢ :
‘o . )
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o
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- ‘ e EXPERIMENT 1
This first ekperiment addressed the questidﬁ of
hehispheric par%icipatisn»in the perception of English
‘consonants. Several investigators have already reported
differences in performance between the two ears in the’
identification of consonénts. In a paper published in 1967,
‘Shankweiler and Studdert-Kennedy reported the finding that
under dichotic presentation, the right ear was superior to
the left for recall of cogsonant—vowel-consonant (CVQ)
nons;nse syllables differing only in the initial stop -
consonant. However, these authors were unable to detect any
wsignificant difference‘between the ears for the recall of
similar syllables differing only in the vowel. Similarly, if
two diﬁ(erent sounds are led one to each ear but with a

temporal offset of around 60 msec, the second sound is

recalled more accur;tely fhan.the first from the right ear,
/for stops but not for vowg&s (Studdert~Kennedy, Shankweiler &
Schulman,»1970); Other classes of speech sounds have given
results in the laterality paradigm intermediate\between stops
and vowels. For example, Dafqin 11971) found that place of
~articulation for fricativegawas only reported better from the

L]
right ear if formant transitions were present. Place of

. ar;icul%tion from fricatives is cued mainly by the spectrum .
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of the frictioﬁ, but intelligibility is increased if
appropriate formant'transitions are adde@r(Harris,\&SSB). To
determine whith aspects of the perceptual process dépeﬁd dpdn
the specific language processing machinery of the dominant
.hemisphere, Studdert—kennedy and Shankweiler {(1970) tested
components of speech signals by presenting spoken CVC
Syllables in dichotic pairs that contrasted on only one

phone. Significant REA"s were found fér initial’ and final )
stop consonants, and for voicing and place of production of ,
stop consonantg. Presumably because the right hemisphere'was
perform}ng above chance level, this led them to conclude

that, while the general auditory system common to both
hemispheres is quippéd to extract the‘auditory parameterszgi

a speech signal, the dominant hemisphere may be specialize

for the extraction of lingulstic features from those
parameters. They therefore sdgg;;ﬂed that the specializatien

of the dominant hemisphere in speech perception is due to ftgi/,
possession of a linguistic device, and not to specialized
caﬁaqitiés for auditory analysis.

Although these studies report laterality differences,
little remains kﬁown about the actuae\participation of each \
\ﬁemisphere. In this experiment a different approach to tée
study of brain involvement in speech perception was‘taken, in
contrast to previous studies in which some form of

identification or recognition was required. Subjects in this

study were asked to rate the extent to which pairs of ¢V

1
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syllables ciffered. Multidimensional scaling analyses of the.
ratings yielded perceptual representations assumed fo reflect !

each hemisphere'ssinvolvement in the anhalysis of speech

.sounds. :

. - ")' Method

“Subjects
Four male and four female right~handed univésity
students with no reported hearing deficits participated in

this experiment. Handedness was assessed using the Montreal
s ,

",
Neurological Institute's "Stated hand preference , %
questionnaire”. All subjects were native speakers of English

and .were paid $5.00 for their participation. , ‘ : 3
- ’ ! ' ' }

Stimulus materials

The stimuli” used in this\exﬁeriment consisted of 16 CV
syllables (the same as those used in the Miller and Nicely's
(1955). study): /ba, da, fa, ga, ka, ma, na, pa, sa, ta, va,
za, Qa, ﬁa; \fa, 3a/, spoken by a phonetician. A tape was made
tonsiéting*cf three randomized -sets of the 136 possible

random pairings of the stimuli and ekcluding permutations.

\ }
X

Procedure
Subjects were tested singly or two at a time. They

listened through headphonés to EZig;ntation of the stimulus

L

~
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‘pairs. Pairs were presented in blocks of 17,..-each block
randod1§ assigned to the left, right, or both ears with ho
two consecutive blocks to the same ear. White noise
simultaneously accompanied pre§entation of the speech stimuli
in the right and left ear presentation‘conditions only. The
signal to noise ratio was -6db, measured with a Bruel and
Kjggr Impulsg Pregision Sound Level Meter (Type 2204). Sound
level was the same for all subjects. The subjects' task was
to indicate by marking a stroke on a 100mm continuous line
the extent to which they.judged the dg;similarity of the two
stimuli in each‘ pair. Tke scale was labeled 'very similar®
at one end and 'very dissimilar' at the other; Subject§ were

encouraged to use as much of the scale as possible but were

\ oy

~not required to do so. They were not given any description of

the stimuli and were left free to,form their own schemes of

reference in the judgment task. The session lasted about one

hour. . &

Results and Discussion

”

: e
Each subject cong?ibuted 136 observations per condition.

The diagonal entries .(data from trials when a stimulus was
paired with itself) in the dissimilarity matrfx were not
input as part of the data, thus only 120 observations per

subﬁect for éach condition were analyzed. Inspection of these

diagonal entries revealed that all subjects assigned zero or

4
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near zero values to all 16 pairs of identical stimuli, All
subjects in the experimgnt produced acceptab}e data:
withih-subject statistics provide no unacceptably high
standard error estimates (>1.3) or unacceptably low expohengs
(<.3) that would suggest subjecps provided ratings which were
-at either end of the scale or exactly in the middle (Ramsay,
1978). '
Separate MDS analyses, using model M4 Sf the Multiscale

program (Ramsay, 1978), for each subject for each of the

left, right, and both channels conditions yielded + '

"configurations in a Buclidian space that reflected the

underlying structure of the stimuli.

The data were scaled in two and 1n‘shpé€/dimensions in N

~

order to achieve the optimal configuration by the method of
maximum log likelihood (Ramsay, 1977, 1978). Applying

Ramsay's stopping rules, a three—dimsnsional solution was

justified (corrected X1>47.1, p<.05) in several cases while

in the rest a two-dimensional solution was“accepted.

The dissimilarity/tatings produced by each of the eight .

subjects for the left, right and both ears conditions were
further subjected to a group analysis, using moéel M3 of the
Multiscale program, in an effort to determine the structure

underlying the group's pérceptual representations of the

. consonant stimuli. Model M3 refers to the specification of a

more complexgtxgé of provision for individual vdriation where

. it is assumed that subjects share a common perspec}ive on the

A ” : 13
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stimulus objects, or "group" perceptual sttucture, ‘but Qhat
they vary with respect to the progortions in which they
comb}ﬁe the dimensiéns of this spatial representation (for a
more detailed Qresentation and discussion of the modified
Euclidian distance formula used in Program M3, see Ramsay,
1978). ' : B

The stopping rule of gimensionalityvadopted to establish
the number of dimensigns underlying the gggup's erceptual-
space for each conaition was twice the critical cﬁi square
value x1=33.92\with df=22 and p=.05 (Ramsay, 1978). Applying
this stopping rule, four dimensions provide a significantly
better fit of the data for consonants presented to the left
ear, to the right ear and to both ears (p< .05, in eac;

case).

¢
}

‘Gomparison of group perceptual representations.

o

The evaluatiqn of the correspondence between the
perceptual répresentations and the articulatory and defining
charactristics of the consonant stimuli is approached next.
The problem here is to determine whether there exist any
d{fferences in the structure of the perceptual
representations derived from presentations of the speech
stimuli to the left, right and both ;hannels. Figures 3, 4
and 5 show the repreéentation of consonants plotted in the
space defined by the two most important dimensions, Dimension

1 and Dimension 2, for LEFT EAR, RIGHT EAR and BOTH EARS




e e

e A

.35

Figure 3. Plot of Dimension 2 (vergical axis) against
~ Dimension 1 for the conf guration of conso-
nants presented to the le

-

“ear.

.
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Figure 4. Plot of Dimension 2 (vertical axis) against

Dimension 1 for the configuration of conso-
nants presented_to the right ear.
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Figure 5. Plot of Dimension 2 (vertical axis) against
Dimension 1 for the configuration of conso-
nants presented to both ears.
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conditions.

Inspection ef the MDS plots of the stimuli used in this
experiment revealed that the points in the space defined by
Dimension 1 and Dimension 2 are,elustered into«three

_ categories. Theee categorfes appear stable and invariant
across conditions. They are the fricatives /f,8, Vs,f r T,
z,:b/, the nasal stops {nasals) /m, n/, and‘the oral stops
(stops) /b, d, g, Ps t, kK/. ° o

The first dimension extracted in the MDS analysis,
Dimensioﬁ 1, clearly refers in all three configurations tox ’

s manner of articulation. The location of the consonant stimul

‘aloqg Dimension 1, however,'reveals more than mannher of
articulation information. In the BOTH EARS condition, for
exemple, fricatives are fufther eivided in groups on a purely
auditory basis, the sibilant and nonsibilant sounds. The
fricatives /S"z’&fﬂ5 / have more acoustic energy at 5 higher
;itch than the other fricatives. These sibilants cons@itute a’
class of speech sounds in wh;ﬁ% there is a high pitched,
turbulent noise, as in 'sip' and shlp . \-
Another level of information that is preserved in
Dimension 1, in BOTH EARS, refers to place of articulatien.
Among the stops, consonants are separated into velar /g, k/,
alveolar /d, t/, and biiabial /b, p/. The nasal stops /m, n/
are in a region of Dimension 1 ( and of the spatial A

representation) of their own. Among the fricatives, the

labiodentals /f, v/ and the dentals /6,?/ are distinguished

o
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from the alveolars /s, z/ and the palato~alveolars <fn§ /.
This distinction contrasts Ericatives produced at frontal
places of articulation from those produced Et back places of
articulation.

Aside from manner of articulation the information
contained, in Dimension 1 i{s not invariant across conditiops.
Differences exist thcﬁ have bearing on theoretical
implications concerning cerebral hemispheric involvemedt in
the perception of speech sounds. These differences w&lb be
attended to now and a more detailed dlscu351on of their
meaning will follow in a later section.

In LEFT EAR (Figure 3), . there does not appear to be any
meaningful inter;retation in addition to manner ‘of
articulation to the way sounds are arrayed along Dimension 1.
In RIGHT EAR, however, .place of areiculation is clearly

evident among stop consonants arranged from bilabial to

velar. In fricatives, except for thfe placement of /2/, there

7

is, as in BOTH EARS, a contrast between those sounds produced

with frontal articulators and those produced with
articulators further back in the articulatory apparatus,
i.e., labiodental and dental vs, alveolar and
palato—alveolar. These preliminary results seem to indicate
that the left hemispﬁere.ié involved in the processing of
place of erticulation inform;tion. : ’

The meaning of Dimension 2 appears to be the same across

" the three conditions and can be ,interpreted as a dimension

[4
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of voicing. In the LEFT EAR cénditioh the voicing contrast is
as marked as in the BOTH,EARS céndition with apparently a
sharper distinction among fricatives than oral stops. In
addition td‘voiciég, Dimension 2 can also bg interprbted to
refer to distinction betyeen sibilants and non sibilants in
RIGHT EAR. This would suggest that the right hemisphere éeals
mainly with the processing of VOicfnq information. The left
;emisphere, however, appears to deal with bot®voicing and
manner ;f articulation in Dimension 2. It is of interest gd
note that the two first diﬁensioﬁs extracted for all
perceptual representations can be explained in terms of
tréditional consonant descrfptive features, articulation and
vdﬁ?ing distinctions.

The other derived dimensions may also be interpreted in

terms of these two defining features, although to a lesser

extent because the patterns are not as strong across
subjects. Dimension 3 seems to contrast in BOTH EARS between
voiced and voiceless fricatives as well as between place of

articulation, i.e., differentiating on the one hand the

palato~alveolar sounds /\f23</ from the other fricatives and,

on the other, bilabial stops /b, p/ from the other stops.
In RIGHT EAR, Dimension 3 can be fnterpreted as
referring mainly to nasality; i.e., distinguishing nasals
from 'other sounds. There appears, however, to be voicing
inﬁormation for bo£h fricatives and oral stops preserved in

Dimengion 3. In LEFT EAR the meaning of Dimension 3 could not

~
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be derived. e

The interpretation of Dimension 4 varies f&r/eéch
condition. .In BOTH EARS it appears to refer to voicing
contrasts between stops only; in RIGHT EAR to voicing
contrasts between fricatives only. Interestingly enough, this
last extracted dimension may be interpreted as reflecting a
differentiation between the palato—a;veolars /Jhé / and the
velars /g, k/ -the four sounds in this experiment articulated
furthest back from all other consonants.in the LEFT EAR
condition.

The results of Experiment 1 demdnstrate,that the
fehtures of manner and place of articulation and of voicing'
explain the perceptual representations obtained. Manner of
articulation was found to be in all the ear condl%’bns the
most salient dimension, accounting for approximately half of
the'total explained variance. Miffere¥ices between ears were
observed with respect to voicing and place of articulation,
In LEFT EAR and in BOTH EARS Dimension 2 was interpreted as.
reflecting voicing contrasté, while in RIGHT EAR, Dimension 2
and Dimension 3 were interpreted as reflecting both voicing
anéd manner of articulation.

These f£indings suggest a contribution on the part of
both hemispheres to ghe perception of English consénants.

There is apparently no report in the literature of any study

e
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investiqgating hemispheric differences with a large corpus of
consonant sounds comprising stops and fricatives. Results
obtained with the dichotic listening tecﬁnique have usually
shown a REA for stop consonants (Studdert—Kéhnedy and
Shankweiler, l§70) as well as foz\fricaﬁives (Darwin, 1971).
A different pattern of results; however, K is suggested in this
experiment. Ear advantages appear present in the sense that
they only refer to specific features undérlying tH; structure
of the deriv;d perceptual spaces. .In other wdrdszotheré
appeats to bg an interaction bétween feat;re and ear of1
presentation: a greater participation in voicing revealed in
LEFT EAR and a greater involvement in place of articulation
in RIGHT EAR.

These resglts tentatively suggest that participation in

the process of speech perception may not be the province of

_the left hemisphere only and that the righi hemisphere may

play an active role in the analysis of the speech signal. -
Each hemisphere, it appeared, processes preferentially a
different property of the stimulus. The left hemisphere
contributes mainly to the processing of place information
while the right hemisphere processes mainly voicjpg '
information. The next experiment was therefore conducted to
further investigate zhe preferential involvement of each

hemisphere to these pérticular aspects of speech perceptitn.

=

Jbul
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‘YL ’ EXPERIMENT 2 ’
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The results of Experiment 1 suggested that‘although each
hemisphere may process progerties of speech‘stimuli sucﬁ a;
voicing and place of articulation, tﬁey nonetheless appeared -
- to be preferentially engaged in the treatment of one
particular feature over the other. The left hemisphere seemed
to be more involved in the treatment of place of articulation
while the right hemisphere seemed to be more involved in

voicing. To investigate each hemisphere's role in the \
perception and processing of voicing and place of
articulation, native speakers of Bnglish‘performed a
‘dissimilarity rating task on six consonant categérieé. hese ™~
six consonants wefe contrasted on voicing (voiced /b, d, g/ ' /
versus voiceless /p, t, k/) and on place of articulation
(pilabial /b, »/, alteolar /4, E/ and velar /g, Q/).'

\

Figure 6 shows‘a schematic representation of the six
\consonanf categories along the voicing and place:of

\\\\ articulation dimensions. Stimull were embedded in three

e vocélic contexts to provide coarticulation variation. Thus

each consonant category consisted of three exémpiats.

Membership of éach exemplar in a Sﬁrticular category depends

Sy

/" upon the extent to which it shares properties with other

members of the category. Thus, consonant categories

i L s
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Figure 6, Schematized perceptual fepresehtation of

consonant categories presented to the left

and righ® ears. Dimension 1 (horizontal . .

axis) is the first extracted dimerision-and
“accounts for the lafger proportion of
iexplained variance..
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can further be grouped into two larger categories, each
éomprising all nine exemplars sharing the same voicing value,
Similarly, the exemplars can also be assigned to categories
on the basis of their place of production thus forming three
categories, each made up of six exemplars.
o The distribution of cstegoriés in the perceptual space,
as depicted in'Figure 6, is important. The first extracted
dimension (Dimension 1) is shown as aqcounting for a greater
proportion of thenexplainea vafiance than Dimensiok 2. This
pattern would result if subjects ﬁind the stimglus feature
corresponding tb this aimengion more perceptuall& relevant. .
Voice onset‘time (VOT) is one of several cues tﬁét is
‘uﬁilized ih our perception and identification of various ¢

A a 3

consoh;ntusounds and reflects the temporal relationship
bétween 1atyhgea1 pulsing and consonant release. Since
voicing is known to be an important cha:acteristié feature of
)spee%h, and speech processes have generally been thought to
be controlled by the left hemisphere, most researchers have
therefore concluded thaﬁ voiqiné is contrglled by mechanisms
within the left hemisphere. 0

In an important recent study, Molfese (léBOa) recorded
auditory evoked responses (AER) over the right and left
hemispheres while adult participaﬁts attended to repetitive
series of‘two;toﬂe stimuli varying in tone onset time (TOT).

Portions of the AERs were found to vary systematically over

the two hemispheres in a manner identical to that prewilously

b b
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reported for VOT stimuli (Molfese, 19278a). The iateralized
effects réported by Molfese (1980a) >ppeared to be due to the
localization of a ‘temporal processing mechanism within the
right hemisphere. Furthermore, the right hemisphere responded.
to the TOT in a categorical fashion i}onq boundaries
previously reported for VOT: the 0- and 20-msec stimuli were
discr;minéted from the 40—~ and 60-msec Btimﬁli. The AER's,
however, showed that the left hemisphere could not
discriminate between the two. TOT categofies although it c&uld
make within categories-distinctions:

In earlier studies investlgating electrophysiplogical
correlates of speech perception, Molfese (19785, 1980b; k
Mclfese &‘Molfese, 1979) noted mechanisms within the left
hemisphe%e sensitive to second formant (F2) transitions, cues
which ére important forydiscriminéting consonant plaée of

-

articulation information (see also Liberman, 1974).

Taken tégether, these data suggeét that there may be
differential distribution of specific acoustic processing
mechanisms éqross the two hemispheres, and not nec;ssarily a
left hemisphere specialized speech processor per se, that is
responsible for Ehe‘observed hemispheric differe;ces in

T

speech perception (Molfese, 1980a). - “QVHJ

The consonants were embedded in 'three different vowel .
environmments to yield 18'différent stimuli., The dissimilarity
rqpingé obtained for these ekgmplars were subjected to -MDS '

analysis to obtain a perceptual representation for each
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condition (lgeft, right and both ears) for each subject.‘

Perceptual differentiation of these conSona&t categories
was assessed in a manner proposed by Homa, Rhoads ;nd ' \\\
Chambliss (1979) for the study of -visual concept formation. A

[ 4

perceptual confiquration for the different samples of° speech

sounds was derived usinghmultidimensional scaling procedure;.
The interpsint distances between fhe exemplars in this
perceptual space were calculated to obtain a measure of T
category differentiation: The degree to which categories ar?,
differentiated from each other is reflected i; both how small
the inéerpoint distances are for items within t@g sate
category, since small di§3?nces in percepFual space imply
similarity, and in how large the interpoint distanées are
between ftems taken from different.categéries. The ratio of
these within-category to.bet&een—category distances provides\
an index of the degree £o which the perceptual space is
structured plong category lineéz\The smaller the structure
ratio, the more structured the perceptual space. .
If the results obtained by Molfese accurately reflect
funétionalnhemispheric differéncesjin the p;rceptio; of‘

voicing and placé of articulation we should then obtain, in

the present Experiment, lower structure ratios for voicing

.categories presented to the left ear (right hemisphere)  than

for categories presented to the right ear (left hemisphere).
Moreover, structure ratios for voicing'categories should be

lower than for place categories presented to the left ear

°
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‘Subjects.

_environments: ptevocalig /_1i/, intervocalic /i_u/, and

) °
.

§

(right hemisphere). Finallp, structure ratios for place
gategoriqs presented to the right ear (left hemisphere)

should be lower than for place Eategories preseneted to the

left ear (Right hemisp@é%e).
/

r

Method ¢

\

. Twelve native ;peakers of English, right handed and with '

no reported hearing deficits were recruited fqr this

experiment. These subjects participated only in this

experimnt and were paid $6.00 for their participation.

U

°

Stimulus materials. v

?preg exemplaré of six consonahts contrasted on voicing
and piacé of articulation, spoken by a phonetician, were used
as s;imuii. The voiced consonants /b, 4, g/ and their
voiceless cognates /p, t, k/, contréstéd also on place of
articulation? /b, p/ -bilabial; /d, t/ -alveolar; and /g, k/
;velag.‘These sounds were embedded in three different vowel
postvocalic /a_/ to yield 18 different'monosyllabic and
disyllabjc exemblars. A tape was made coﬁsisting of three
sets of all possible combinations of pairs oﬁ sfimuli

excepting permutations. Each set thus contained 170 pairs.

{
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Stimulus pairs were randonly présentgd .:[n blocks of 16, plus
one buf fer pair at the beginning of ‘each block, with blocks

randomly assigned to the left, right or both channels.

b

LN

Procedure.
The proceduAreuﬁ% exactly ’the same’ as in the first

experiment,
%, \

»

Results and Discussion

Each'subject contributed 170 observations per condition.
Identity pair’i;ngs and pairs in the buffer trials were not
analyzed, thus only 154 observations per condition per .
subject were an\alyzed. All subjects in the experiment
p;.'oduced acceptéble data ( standard lerror estimate <1.3;
exponents >.3). Applying Ramsay's stopping rules, the
Y

dimen‘sionality retained for the final configurations derived

for each condition was three in some cases (corrected x* @

-

=50.4) and two in others. The px:oj'ections for each of tjm
stimuli on the axes definir:g the final dimensional spAce )
accepted for eacim subj;ct were further analyzed to ompute
the structuhge ratios described earlier. These rat' os,u it will
be recalled, reflect category structure of the pe‘ceptual
space, that is, the degree to which the space is

differentiated along category lines. Structure ratios were

computed for each category, for each condition, and Qfor each
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.subject in the followi;\q manner.

To obtain an evaluation of the voicing contrast,
structure ratios were first obtained for cateqories
differentiated on place of production but sharing the same
wvolcing value. Thus, structure ratios of exemplars of
categories /b, 4/ and /q/, for example, were computed by
considering their degree of structure in the space defined by
the voiced and voiceless exemplars (this permitted an
assessment of how well differentiated the voiced exemplars
were from the voiceless exemplars). 'fhe same operation was
then performed on the voiceless categories. Structure ratios
were thus obtained for voiced versus voiceless consonants as
well as for voiceless versus voiced consonants, across all
three pléces of articuiation, then summed and finally
averaged ove} thelnumber of comparisons {two ih this case) to
yield an index of perceptyal structure fo} voicing.

To evaluate the place of articulation contrast,
stz:ucttire ratios were computed in order to reveal the extent
to which all elements sharing the same place of a?ticulati.on
were differentiated from all other elements in 'the space.
Structure ratios were theréfore computed for differen;:iating
the exemplars of two corisonant categories (one voiced and one
véiceless (e.g., /b/ and /p/) sharing thg same place of
articulation (here, bilabial) £rom all other exemplars of the

other consonant categories in the percebtual space. This was

re‘peateb for each pair of categories sharing the same place

pe
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of a‘rticulation. These structure ratios were also added and
then averaged by the number of corﬁparisons to yield an index
of perceptual structure for place of art}culation.

' These data were then subjected to a two~way analysis of
variance with two levels of FEATURE: ('voicinq‘, place of
articulation) and three levels of EAR of presentation (left,
right, both ears) witqh repeated measures on both factors. The
data were analyzed in an effort to determine whether voicing
contrasts varied as a function of ear ofapresentation and
whether differences, if any, favoring voicing in the LEFT
EAR condition would be greater than differences obs:erved
between voicing and Eloace of arti;ulation in the RIGHT EAR
condition.

Figure 7 shows that place of articulation tis m;re
strongly differertiated overall than voicing (p<.0l).
Furthe.rmore,, structure ratios reflecting voicing .contrasts
‘were, as predicted, smaller for stimuli presented to the left
ear than for those presented to the right. Consonants
presented to both ears yielded smaller structure ratios than
those presented to either ear alone, although statistically
different from the right ear only in voicing. A two way
interaction between FEATURE and EAR of presentation was
statistically significant, F(2, 22)=4.718, MSe=.0790, p<.0l.
With respect to differences between structw ratios for
voicing oand structure ratios for place between the left and

o,

the right channels, post hoc Tukey test revealed a

o
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Figure 7. Ear differences_ (mean structure
ratios) in the perception of the
features of place and voicing.
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statistically significant difference, p<.0$, suggesting a
more important involvement in place of articulation than in
volcing in the RIGHT EAR condition. Post hoc Tukey tests also ,.
revealed significantly smalflg{f;ﬁstructure ratios for place o‘f
articulation in both ears than in either ear alone. (p<.05).

The general picture suggested by this first analysisA
revealed better overall pe;formance for place of articulation
than for voicing. In addition, there was a LEA in voicing.
Furthermore, the contrasts between voicing end place of
articulation were significantly more pronounced for
consonants presented to the right ear than for consonants
presented to the left, sugqestiﬁg a greater involvement in
place of articulation over voicing on the part of the left .
hemisphere. These results are in accord with those obtained
by Molfese (1980a) who showed, using electrophysiological
evidence, the involvement of the right hemisphére over the
left hemisphere in contrasting stimuli along the veicing
dimension, and of the left hemisphere being more involved in
contrasting place. of articulation than voicing.

In order to get a more detailed picture of the nature of
the differences between the right and left ear conditions,
the data were further analyzed in an effort to determine if
_differences would be observed when exa;\ininq the manner in
which stimulus categorie:s were treated in each condition. An

attempt was made to determine whether voicing  influenced the

extent to which members of a particular category would be

| B J
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. process was repeated for computations of structure ratios
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differentiated along place of articulation\(pla&e contrasted
along voicing) or whether place of artiuculation of a given

category would influence the extent to which subsets of that

. category would be differentiated from each other (voicing

contrasted along place). I —
To evaluate the extent to which voicing influenceé

differentiation of categories along place ofuarticula‘tion,

structure ratios were therefore computed in the following way

for voiced categories: /b/ exemplars dif ferentiated from /d/

‘and\ /9/ exenplars; /d/ exemplars from /b/ Qand'/g/ exemplars

and /g/ exemplars from /b/ and /4d/ exemplars. The same

{

involviné voiceless categories (/p/, /t/, /k/).

A three way analysis of variance was performed on the

>

structure ratios with two levels of VOICING (voiced, . J

o

voic ) , three levels of EAR of presentation (left ear,

both ears, right ear), and tfhree levvels of PLACE (labial,
alveolar, wvelar) with_re}:eated measures on all factors. There -
was a significant three-way interaction (F(4,44)=5.361,
MSe=.038,  p=.0013) . Post hoc tests: ;evealed that performance
in the LEF'f\ EAR condition was better than in the RIGHT EAR
condition for contrasting bilabial place of production for
vgiced stops \(/b/) , P<.05; performance in BOTH EARS was ’
better than in either RIGHT EAR or LEFT EAR for contraskting
voiceless vele;r place of production (/k/), p<.01; that,

overall, both \LEFT EAR and RIGHT EAR performed better for

£
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'contrasting voiced velar place of articulation' (/9/) as

opposed to voiceless velars (/k/), p<.0l. Figure 8 shows the:
resul ts for each plaée of-articulation category contrasted on

voicing for the left, both, and righf: channels,

To evaluate t:h<=.~w voicing contrast for a given category of
place of articulation, structure ratios that had been
computed for the voicing contrasts in tﬁe first analysis were
averaged in the following manﬁer: ((/b/ exemplars
differentiatea from /p/ exemplars) + t(/p/ exemplars .
différeﬁtiated from /b/ exemplars))/2, and so on for each
pair of categories on each place of articulation. These data
were then s'ubjected to 'a two way analysis of variance with
three levels of EAR‘of pfesentation (LﬁFT, BOTH, RIGHT ears)
and three levels of ‘PLACE of articulation {bilabial, -
alveolar, \;elar) with repeated measures on both factors.

The analysis’ yielded a main é?ffect of EAR of
presentation (F(2, 22)=4.587, MSe=.045, p<.02) as well as a
main effect of PLACE of -articulation (F(2, 22)==*9.832r
MSe=,022, p=.0009). These results showed that performance in
the BOTH EARS condition was better than'in the separate ear
conditions and that performance in the LEFT EAR condition was
better than in the RIGHT EAR condition. “Furthetmore, 'the

voicing contrast for alveolars (/d, t/) was better than for

either bilabials or velars. However, the voicing contrast

e,
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“\

for alveolars was significantly better than that for velaré

_only (p<.0S5). ' T ’% ,

& s

The results of this second experiment present a compiex

. d‘l‘
I / .

picture of each ear's participation in the perception of stop/

[y

consonants. In order to try to make sense of the information

revealed by the various analyses the following interpretation
of the results is offered. '

3

‘The analyses performed on category structure ratios

demonstrated first that place of articulation is more salient

than voicing or, in other words, that overall performance is

superior for place of articulation than for voic ng. This is . {

In contrast with results obtained by Studdert-Kennedy and

Shankweiler (1970) who found that place of articulation was

adversely affected by dichotic competition, While these

authors postulate, on the basis of the number oflerrors made

by each ear, a REA for stop consonants, the present étudy

revealed voicing differences favoring the left ear. These

results are congruent with tho;é Qf Molfese (1980) using

electrophysiological technlqugs,that did not require any
?densification or report on the part of his°subjects. S}nce
' subjects in the present study were not required to either
1denti£y or write (as in Studdert-Kennedy §°Shankweiler s
. (1970) study) the stimuli they Were listening to when doing .

‘the fating task, it may be assumed .that subjects were not

Lot
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compelleg‘to make a decision along categorical bounggries
(e.g:, yesrno, "or is it /b, p, 4, t, g/ or /k/ that you just
heard?") and allowed them to form and build théir own schemes
of reference with regard to the set of stimuli.

ﬁhile a iEA was found’in this‘study for the voicing

feature, a closer examination of the data, suggested that’

this effect was not found for all three values of place:

aperceptua% differentiation of the voicing cohtrast for -

bilabi;ls was more pronouced thagathag for a}veolars or T
velars. The mean values for each contraét being .263 for
bilabial, .292 for alveolar, and .382 f;r lear, suggesting a
grad&al decrease of differentiation (p<.0l) of the voicing
contrast as consonants are pronounced further back in the
vocal tract. It ls of interest to note that the fifst,
consonants uttereé by young infant; are generally bilabials
(/b , m, p/) (Jakobson; 1968; Salus & Salus, l§74) énd N
require less afticulatory effort in their production |
(J{kobson, 1862). This blas towards bilapials may have a
peréeptuar basis since these sounds are plosives uttered at
the forﬁard extremity of the vocal tract and may carry more
acoustic energy than other plosives yttered inside the vocal
Etact.“ |

We\may.;lso ask whether the advantage of place of

articulation over volcing shown in the first analysis,'rn’

which place of producticn vs voicing were contrasted, is of

- 2
the same magnitude for the

\

) o, .
two ears. It was found that there

1 o
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was a larqer'dffference between voicing andqplace contrasts
in the right ear than in the left, a difference responsiblé
in part for the interaction observed. Figﬁres 9 and 10 show’
. the perceptual sﬁéces derived from the group's data for the !
1éft and ¥ight ear presentations. There are both similarities
and differences in the way the speech stimuli afe“organizeda.
in the reéioﬁ of the perceptual space defined by the firét
itwo diﬁensions generated by‘Program M3 of MUﬁTiSCALE. o ’

These representations are similar in tHe sense that both

’perceptual spaces can be explained in terms of the two

\l

defining featufes under study, place of articulation and
voicing. They{are different in the sense that each
representation emphasizes a different dimension ‘or feature. - ‘

The first dimension.extractéd by the MDS analysis accounts.

[

for the larger portion of ths.expléined variance in both

représentatioﬂs. It is clear.in Figure 9 that, stimuli are
e . Pl .
discrj ted according to their .voicing value on Dimension

.1, the voiced consonants at.one extréhe, the voiceless-
consonants$ at the other. It is also fairly eviderit that
subjects took into considefation placeﬁof articﬁlation when ":
rating stimuli presented to’phe'left‘ear. This‘Ean be seen
from the orgéniza}ion qf“stimhlus catego;iés on Dimension 2.
Figure 10-therefore suggests:that subjects emphgsized voicing,

©

to a larger extent than place of articulation when the speech

- F
N "

sounds were presented to the left ear. ‘

\ ' T , ~
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Figure 9. Plot of Dimension 2 (vertical axis) against

Dimension 1 for the configuration of conso- -

. nant categories presented to the left ear..
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Figure 10. Plot of Dimension 2 (vertical axis) ééaihst

Dimension 1 for the configuration of conso-
nant categories presented to the right ear.
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Figure 10, on the other hand, indicates that subjects-‘
emphasized'place of articulation (Dimenson 1) over .voicing
{Dimension 2). Furtthmore, the contrast between ypicing and
place is not as marked as in Figure 9. The proportion of the
explaiged variance accounted by Dimension 1'and Dimension 2
for stimuli presented to éhe 1e£t ear is respectively .38 and
-29; for stimeli presented to’ the right, the proportion is
respectively .46 and .43 for Dimension 1 and Dimension 2.

There exf%ts a further distinctioﬁ between the two
configurations described with respect to ﬁlace of
articulation. In RIGHT EAR, the organization of consonant
categories in the perceptual space is isomorphic to the order

of their place of produstion in the mouth. Such a

relationship between perceptual organization and physical

- organization is absent in LEFT EAR apd may suggest greater

left hemisphere participation to pYace perceptioni

The interpretation accorded to)the dimensions defining

the group's psychological representations appear intuitively

reasonable given the clustering and ordering of the speech
sounds along those.dimensions. To the extent that changes or
differences in the perceptual spaces reflect changes or ' h
dffferences in pércéptiop, it can be concluded éhat the left
ear is superior to the right ear for the feature voicing.

Furthermore, it would also appear that for this group of

subjects' perceptual repreSentation$ the place feature was

v

~
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relative, quantitative, and a matter of degree rather than
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supericr to the voicing feature in RIGHT EAR. The results of
a,study by Miceli, .Caltagirone, Gainottl, & Payer-Rigo (1978)
adé supﬁortlto the proposition th;t the LH may be dominant
for the treatment of plécg of articulation. These authors L
Sbserved that discrimination of pairs of phonemes vat&ing,on
place of articulation was more difficult tﬁan discrimination
of phonemes varying on voicing ‘for patients showing signs of
aphasic impairment. No such effects were observed with three
control groups (normal controls, right brain damaged patients
and non-aphasic left brain damaged patients). Perecman- and
Kellar (1981) also obtained similar results with similar
populations., These results support the findings of the first
experiment where a LEA was found for voicing and a REA for
place of articulation.

The results,ofnthese first two experiments,
investigating)hemispheric contribution to the perception of
consonants, have shown ear advantages for paréicqiar
components of consonént sounds. The conclusion suggested in
Experiment 1, namely that the right hemisphere may be more
involved’in voicing and the .left in place of articulation was
supported by the results of the second experiﬁeqt. These

resylts finally suggest that ear differences seem to be

absolute, qualitative, and é difference in kind. Either ear
appears to process'the same information as the other, but
apparently at different levels of competence, éﬁdﬁprobably in

J -
9]
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hemispheric involvement to the process of speech perception,
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different preferred direétions.
‘ v Y

+

In order to obtain a more comprehehsive picture of

the third experiment addressed the question of whether ear

differences 1n vowel perception can be interpreted in terms

of traditional vowel classification systems.

o

€

‘
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EXPERIMENT 3
€
Differences between the perception gfoqpnsonant and
vowel sounds have led invesqigato;s to propose a "special”
speech perception mode to characterize the way these latter
pthetic'seqments are heard (Liberman, 1970). One of the
findings that has been cited as'eyidence for a special speech
perception mode is the difference in perception between
synthetic stop consonants and steady—étate vowels. Stop
consoﬁants have been found:-to be.perceived in‘a catggorical
mode, unlike other auditory stimul;. Discrimination is
limited by absolute identification. Listeners are able to
discriminate stimuli drawn from 'different’ phonetic
categories but cannot discriminate ;timuli drawn from the"
'same' phonetic category, éven though the acoustic difference
between stimuli is compaéggie. On the other hand,
steady~-state vowels have{geen found to be perceived‘
continuously much like n;hspeech sounds (e.g, Pisoni, 1973).

“ Results from dichotic listening experiments suggest also

a special mode. of perception for vowel sounds. No ear

“differences are usually obtained under normal hearing

‘conditions. However, a right ear. advantage (i.e., in terms of
the number of vowels correctly identified; e.g.,

Studdertikennedy & Shankweiler, 1970) may be observed if the

” u
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vowel signal is degraded in dichotic presentation (Weiss &

House, 1973).

! This experiment investigates the particularities of each

hemisphere's contribution to the perception of vowel sounds.

Vowel sounds are usually defined in terms of acoustic
paramet;rs‘such as Fl1, F2, F3, fhe formant frequencies, and
duration. Multidimensional scaling studies of vowel Y
petdiﬁffbn have consistently observed that'Fl and F2
conétitute the most important charaéteristics taken into
account by subjects'in the perception of these sounds (e.g.,
.Cohen, 1978; Klein et al., 1970; Shepa@d, 1972). Third
formant frequency (Shepard, 1972) and duration (Cohen et al.,
1967) have also been found to be of perceptual significance,
aalthough to a lesser extent than Fl or F2. In 'this
experiment, thereforé, an attempt was made to examine.the
nature of differences, if any, between the hemispheres with
respect ,to to the perception of vowels varying in these
features. Native speakers of English were asked to rate the
extent to which CVC stimulus pairs differing in the vowel

’

were perceived as dissimilar.

Method

Subjects.

The same subjects who took part in Experiment 1

[

»
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participated in this study three or four days later,

Stimulus materials. )
g Twelve vowels and three d&phthongs embeﬁ?ed in /h=-d/,
spoken by a phonetician, were used as stimuli. The vowel’ .
; . sounds were the same as tho;e used by Cohen (1978): /1,1, e,&
r 2¢, 3,0, 0, U, u,A,9., ai, 'aU,JI / as in beet, bit,
_gate, get, fat, father, lawn, lone, full, fool, about, but,

hide, how, and toy respectively. A tape was made éonsisting ¢ ;

; of three sets of 119 random combinations of stimulus pairs.

Procedure. - ‘ “

{ .. The procedure was exactly the same as in Experiment 1.

3 ' %
. . Results and Disc::§10n
The data were analyzed in an effort to determine whether

the dimensions underlying the group's perceptual

representationg remained the same across the conditions and
‘could be explainéd in terms of a'tréditional classification
system of vowels. Differences, if any, between the physical
and perceptual representations as well as between ear
conditions were also evaluated. .

Each subject coﬁtribdfed 119 observations per coqdition.

. Ratings for identity pairs and buffer trial pairs were

excluded from the analysis. Thus 105 observations per

-
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condition for each subject were analyzed. Tyo subjects
produced unacéeptable data (exponents <.3) suggesting
inconsistency in the use of the scale and had ,Qo be
eliminated. The following results are ;herefore based on data
collected from six subjects. The MDS analyses for all
subjects yielded a perceptual space for the vowels that can
be Qiewed as an approximation to an auditéry-perceptual
structure and that can provide infofpation about the
properties of that structure. The assumption is made, as in
the other expe}iments, éhat distances of judged similarity
relate meaningfully to psychological distances of similarity.:

App;ying Ramsay's stopping rule for model M3, four
dimensions proviaed a siénificantly better fit to the data
than three dimensions for vowels presented to both'ears and
for vowels preésented to the left ear (p<.65). Three
dimensions were accepted for stimuli presented to the right
ear (p<.053. | ..
Physical representation of vowel sounds,

Spectrograms of the vowel sounds were made using a

. spectrum analyzer (Vibralyzer 7030A, from Kay Electronics) in

order to determine the physical space of the speech stimuli.
The first three lower-.formant ceriter frequencies (F}, F2, F3)
were recorded. In terms of a geometrical model, we can say
that anal?siS‘of the sound spectrograms og the 15 speech

stimuli yielded a set of 15 points in a.three dimensional

v
N

-
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space defined by dimensions corresponding to Fl, F2 and F3.
Figure 1l represents the distribution of tﬁe twelve vowel
sounds in the plane of,the acoustic space defined by Fl and
F2.

Perceptual and physical t;presentations compared.

To obtain a measure of the extent to which acoustic
features of the stimulil correspond to their perceptual
representations, canonical correlations were computed, using
the SPSS Cancorr program, between the physical parameters
defining the vowel~sounés used (vaiues of F1, F2, F3, and
duration are given in Apééndix }) and the projegtions of the
points on the axes defining the final .group confidurations.

Canonical correlation analysis produces two important
types of }nformation, the canonical variates Snéathe
canoﬁical correlations between them. The canonical ‘variates
come in two sets and are composed of coefficients reflecting
the importance of the original vardablés in the subset in
forming the variates. Th; important point about canonical
correlation is that the first canonical variate from the
first set of variables anduthe°first canonical variate from
the second set of v;riables are extraéted so as ﬁo‘have the
highest ihtercorrelation possible given the variables
involved, and successively for all pairs of canonical

variates. The canonical correlation {s the correlation

between each corresponding pair of canonical variates, and

«
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, the flrst and largest source of Variahce, th the ;gnonical

. . . ‘ %
" statistically significant ¢anonical cbrrelation coefficients

71

4

¢
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"its s&uare, the eigenvalue, represents the amount of variance

in one canonical variate accounted for by the other canonical

varidte. In other words, the method systematically extracts .

‘correlation is an index of the relation between the two sets

of variables based on this source oé VQriance.\Then the .next
Jlarge soutq§ of ?atianée is extracteé and analyzed
indépendent of the first source. The éecona canonical %
"correlation é;eff}cient, which Lé'sqaller than the first, is N
«anvindex of ihq?ielgtion bétween the two sets ;f variables

due to EQ}S second source of variance, and so on for all

suﬁgessive pairs of canonﬂcal variates,
‘ )

* 5

.The canonical analyses ylelded for each ébndib{pq two

tm

indicatlhg that the relation between the first two piirs of
gy ,

canonical variates accounted for most of the variance. Table

&

relation source tables and
-« .

identifies for each canonical variate the variable
\S B

M -

1 is a summary 6f the cahqn&cal cor

°

contriputing most importantly to that variate.:

<
~

o
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The first important ohservation’fs that bath F2 in.the
acoustic space (Figure 11) and bimension 1 of the'perceptual
space make a larder contribution in forming the canonical )
variates than any other variable in their respective sets.
ghe‘intercorrelation matrix between'variables of‘both sets
shows -an excellent correspondence between F2 (a physical
param\;er) and Dimension 1 (a psychological dimension) for

h

211 thhree condltions. The correlations (Pearson r)

: )
.95, .956, p<001 df'll, for the LEFT, BOTH, and RIGHT EAR

are .944,

conditions’ respectively. J ) ' . %n

Dimension 1, which thus appears to correspond to F2,

©

&
accounts Fn all three conditions for the larger part of the

variance compared to other dimensions. The reason F2 is
‘importantris probably due to the fact that it varies more
“than the other formants. Frequency values of F2 in the o

- present” study ranged from 720 tc

¥

/1, e/ having the same F2’ value. ‘Fregbency values of Fl, on

the other hand, ‘ranged from 300 to 680 z with several vowels

>

The second important observation’of»interest pertains to
the nature of the variables with the %reatest weights in the

canonical variates. Second formant and Dimension 1 contribute

most importantly to the first 'pdir of canonical variates
extracted in the BOTH EARS and LEFT EAR@conditions;'and.to o

the,second pair of canonical varjates. in the RIGHT EAR "

& N ’ - K

- & . . LG

- A N R 4
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00 Hz with' only two vowels“
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of these two acoustic parameters.
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cohdition. First formant and Dimensicn 2 are most 1nvolvec}ﬂ'{fn,

I

forming the second pai} of canonical variatee in LEFT EA nd
the first pair of canonical variates in RIGHT EAR. In BOTH-

EARS, F3 and Dimension 2 are the main contributors to the

" second pair of canonical vatiates. This is interpretea'%é

reflecting a greater contribution‘of F2 perception in th%
perceptual spaces for BOTH EARS and’LEFT tAR,than'fbr RIGHT
EAR and a greater contribution of Fl perception in the ’
perceptual space for the RIGHT EAR condition than for the
BOTH' EARS or LEFT EAR condition. \
The Pearson product noment.correlation coefficients
indicate a strong relation between Fl and Dimension 2 in the
LEFT EAR condition (r=.821, p<. 01, df=11) as well ase¢ between
Fl and Dimension 3 in BOTH EARS (r=. 691 p<.05, df=11) and

between Fl and Dimenson 2 in RIGHT EAR (r=. 710 p<.05,

df=11). These resulte are in accord with those of othef

-idvestigators who found the first two formant“frequenciés, Fl

and F2, to be the most important.factors in vowel recognition
! Q I

.and perception '(Cohen, 1978; Cohen et 51., 1963; Peterson &

Barney, 1952; Shepard, 1972). The relat?anship\getween the
physlically measured properties (Fl and F2) of these speech
sounds and the psycholoaical strucxures that were-derived

fnaependently of those phyeical measurémente{argues for the

notion that each ear seems to be involved in the perception

v

2
Differences, however, appear present in the extent to

%

v

i
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‘which each ear dea with these two parameters.' hese.results
suggest greater involvement in F2 perception in "the LEFT EAR.
and BOTH EARS conditions and greater involvement in Fl in the

oo

To the extent that the deriyed perceﬁtual'representation
‘ ' -~

RIGHT EAR condition. . '

fd@ BOTH EARS reflects more,5ccur%te1y, than for either ear
condition alone, the terminal ootputrin the perceptionkof
uoéels, we‘can postulater a-left ear advantage for the
perception of F2 and a right ear advantage for Fl, Figqure 12
shows the group’'s perceptual structure recovered from '
presentgtion of vowels to the left ear.u
Let us consider first the results obtained for both ears
via the canonical\analysis.ﬁThe first variables that load[
most importantly into the firét.ewo pairs of statisticaily
siénificant canonical variates are, respectively, F2 with
Dlmen§ion 1 and F3 with Dimension 2. Pearson corre}a&ion . *
coefficient (from the intercorrelation matrix) shows\a good
correépondence between F3 and F2, r=. 654, p<.01, df= 11, The
relationship between F2 and F3 needs, at this point, to be

v

briefly elaborated upon.

In a well-known study by Peterson and BarneY (1952)
lieteners attempted to identify, after.aural presentation,
- which of 10 monosyllabic worde, differing only in the vowelt
had been spoken; Toe task was rendered difficult by thewfact

that different spéa\:rs varying both in age and sex

)
prenovunced the same words on different presentations.

e
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Flgure 12 Plot of Dimension 2 (vertical axis) against
Dimension 1 for the configuration of vowels
presented to the left ear. Circled symlpolg

i

refer to diphthongs. . 1
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Shepard (1972) computed ; 10 by 10 symmetric m?trix of
proximity measures from the resulti;g confusion matrix o
obtained by Peterson and Barney and subjecéed it to an
expopential analysis of proximities. Shepard fitted three
rotated axes through the derived perceptual space such thal
each axis would best fit the average center frequency of the

vowel formants as measured by Peterson and Barney. He found

that the angles between the three axes corresponding to the

. first three formants were 99° between F1 and F2, 104° between

F1 and’ F3, and 29; between F2 and F3. That the psychological
effect or contribution of Fl is relqtivel§ independent of the
othgr formantg is suggested by the near orthogonality of the
first axis to the other two. Psychological effects of F2 and
F3, on the other hand, appeathno be somewhat interdependept.

This may be attributed to the restricted range in which F2

and F3 can vary due to constraints of the human voca

the lbwe} F2, the\more determined is F3.
All this would suggest that F2 (and its correlaéza
parameter F3) plays a major role in‘vowel perception. This is
notOSUtpriéing since F2, as was pointed out abéve, exhibits
wide variétion in the %reqpency rang; to‘whicﬁ the ear is

most .sensitive (from 500 to 5000 Hz;'Pfomp, et al., 1967)

Furthermore, F2 centainS‘additiénél important information

- necessary for the identification of encoded speech, namely, F2 i

transitions, important cues in_tﬂé identification of

consonants (Liberman,‘en al., 1967).

\
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As was shown earlier, F2 and Di;nen/sion 1l havé the
gfeatest weight in the first painr’ of canonical variatés
extracted from the LEFT 'EAR 'data suggesting a LEA in the
perception of F2 information. Conversely, to the extent that
Fl and Dimension 2 are the largest éogfficient's in the first
pair of canonical variates in RIGHT E}AR,'and F2 -alnd Dimension
1, in the second statistically signiﬂficant pafr of canonical
\nrariates, it would be reasonable‘to postulaté a REA in the
perception of Fl information.

The importance of Fl in the right channel can be

“accounted for by the protensity features, vlense: and - 1ax.

'i‘ense vowels are produced with added muscle tension while'lax
vowels are prBduced without such tension (Jakobson & Halle,

1974). In the English vowel system,’ some vowels are tenée,.

‘others are lax, and still others are neutral for the feature

2

. tenseness. Lindau (1971) has shown, yvia radiographic

recordings of the vocal tract the importance of tongue height

)(E‘l)‘\:\‘in the production of tense and lax vowel sounds.

L}

q'i‘he results'of this third experiment suggest that therﬂe
ateguantitativej ear differences present in the perception of
the most import;ant acoustic par\ametez‘s of vowel sounds, F2
and F1, respectively. The left hgmisphe.ré (right ear) vas "
found, by means of ca’nonicalﬂ‘cor;élation, to be ‘

preferenti'ally 'engag‘ed in F1 perceptibn, and the right

hemisphere (left ear) in F2 perception. It is of interest to

. %

hatl
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note that each ear is involved in the perception; of these
two physical characteristics but that they nonetheless vary
with respect to the relative importance each ear gives to
each of these two physical features of vowel sounds. This
would suggest that the final output in vowel pérception is a

coordinated combfination of these two sources of perception

with the le?t ear probably playing a larger role (given the
i}mportance of F2}in speech percepton) at the input séage.

Ear advantages for vowels have traditionally been
expressed in terms of number of correct responses. The
dichotic listening paradigm,.probably because it requires
categorical responses on . the part of the subjects, does not.
easily allow an analysi%s of ear differences to t;he perception
of acoustic parameters ;zarying on a continuous scale. Thus,
finding that ‘the right ear pe}forms slightly better (i.e.,
repo/rts slightly more accurately) than the left in vowel
perception (e.g., Stud“dert-Kennedyw& Shankweiler, 1970) does
not tell us much about what it ié in the wvowel sound that the

:;ight ear is more sensitive to'. The right ear advantage
&psugglly observed in As;\aeech perception may.thus partly be the
‘result of producing a beh;vioral response in a cfateéorical
_mode. 'The interest of the present study (and of the adopted
approach) Dis that it presents evidence of hemispheric
involvement at the level of the /gefining features of th/é
‘sti.muli and not necessarily at the level of thg stimulus

~
complex. \ ; )
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. . The three experiments described have attempted to answer

the question of the participation of each hemisphere to the

- ] . perception of English spéec& sounds. The findings have
" consistenély suggested that ait is t‘he case, both for

consonant' and vowel perception, that hemispheres ‘

preferentially managed defining features of speech sounds i

N

-with no particular hemisphere dominating perception of a

whole class of §peech sounds. In the case of consonants, the
‘derived perceptual representla_tions suggested that the right
hemisphere was more involved -than the left in theﬂ treatment
of wvolcing information and ;:he left more involved than the
right in the‘treatment of place of articu‘vlation 1n€ormation.
! With respect to vowel perception, canonical correlation .
results suggested greater involvement in F2 perception on the

part of the "right hemisphere and a greater participation on

the part of the left hemisphere in Fl perception.

The stimuli used in these experiments represented
classes ofcspeech sounds drawn from the participan;:s' native
speech repertoire, The fourth exper iment represents an

>. attempt to generalize the findings of t‘hgii?revi"ou?

' exper iments to a completely different kind of .speLech sounds.
In this last experiment, eacl’arheﬂlisphere's participation in (

* the acquisition of new phonetic.categories (Mandarin Chinese

speech) is investigated.

) , \




EXPERIMENT 4

Perceptual processing of speech can be characterized as
the transformation of a continuous acoustic signal into an
ordered sequence of discrete, phonemic units.  This process
of transformation is, in the 'younq child, gradually acquired
: as the child ie exposed to the sounds of the 1anguage§§oken
' A in his environment. Presumably, it is by enceunteéing
language in its many forms and represergxtations“ -as it is

spoken by speakers differing in age, sex, accent and so on-

that the child is eventually able to d1scriminate the sounds 4

°

e ey e = Awntar

of the language. It is therefore through such exposure to .

«lenguaqe uttered 'a larée number of times in .a large number of‘
contexts that the young chil}i comes fo acquire the phonetic -
7 repertoire of LEnglish'. "

Thie experiment addresses ‘the question of the
pex:ticipati'on c:f each hemisphere during the acqui_‘sli'tion of
new speech sounds by adults., The results of Experiments, 1, 2,'
and 3 showed that each cerebral hemisphere may processe

, speech information somewhat differently than the other. It
‘is therefore of interest to determine whether novel

linguistic material congisting of speech sound categories

. absent in the subjects’ fnother tongue would engage each

'.eiampleg of the fifty or so phonemes making up the English g
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hemisphere's capabilities to a different extent than would be
. the case iff previously experienced speech sounds were used as’
stimull.

Multid imensional'scali‘ng analysis of dissimilarity
ratings shopld produce, upon first exposure to these new
speech categories, ill-defined categorieé with members
distributed in a near-random manner throughout the
,'representational space, With Increased exposure to the
sounds of the new 1lanquage, categoriesf would become more
distinct or better differentiated, resulting in a more
compact clustering betwéén members of the categories in the
representational space. Wakefleld, Dou;;htgie and Yom "(1974)
have shown that a 4:5 minute exposure fo an unfamiliar
language (I;oz:ean) was sqffic’ient to permit subjects to
identify structures of sentences significantly better than a
controlL group with no exposure to that langukaqe. In their
exper iment, the subjects' task was to choose between two
versions of a sentence -one with a pause interrup€ing a
structural component and one with a pause separating

different structural componenfé- the version that sounded

more -natural. ‘ : l \\M ‘
. " If increased exposure to the sounds of a new Aanguge

leads to increased discrimination be'twee‘n those sounds, what,
then, “'is the role played by each hemisphere in the
~acquisition of these new speech categories, and is the

contr ibution of each hemisphere quantitatively/qualitatively

[ 14
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different throughout this learning process?
To investigate these questions,the present experiment

was designed as follows. English and French speaking subjects

‘with no previous experience in Mandarin Chinese, performed a

dissimilarity rating task on the first, third and fifth days
of the experiment. On days two and four thef listened to a
thirty minute text of a recorded story:spoken by a native
speaker of Mandarin;

'I:k‘z‘ere were four differe‘nt target lconsonants to
‘differ entiate, none of which are found in English or French.
Two of these consonants were differentiated on a
o e

voiced /unvoiced dimension, and the other two on an

/

aspirated/unaspirated dimension, which isnot ’phone_mic in
either English or Fre;xch. ’

The dissimilarity ratings obtained for these consonants
were sub‘jected to MDS analysis . to obtain a perceptual
configuration for each subject. The ratios of within category
to bet‘;een‘category :iistances wee'defived from these
perceptual configurations. |

a There were two groups of ,subjects in the experiment. One
, gToup, c;gscribed above , receiveﬁ listening experience v.vith
long passages of ‘Mandarin conta ining the target sounés. AI g
,,secpnd group of English and French spc‘eaking subjects L
performed. only the rai:igg task .and were not eposed to any
-listening naterial during‘the three sessions. This condition
controlled for the effect of; performing the rating tasks.

&

%4
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The targét sounds used were four Mandarin retroflexes..
The descriptions of the target sounds are taken from Dow

(;972) and the symbols used are taken from Suen (1979). They

are:

ZH- voigelesé unaspirated retroflex d with voiceless

1Y

retroflex z .
e

(H- the aspirated homorganic pair of 2ZH, vaiceléss
aspirated retroflex t with voiceless retroflex s
SH- voiceless apical prepalatal fricative " ‘ ’ e
R- the voiced homorganic pair of SH. |

These retroflex sounds were embedded in four phonetic

contexts to generate 16 stimuli: __U, _ OU, I__ANG, and U;_I.

According to Dow (1972), ZH becomes slightly more
voiced, CH less aspirated and R more liquid in intervocalic

‘positions. These phonetic contexts wereISelected to create
i o

coarticulation variation among the exemplars of the same

Q-

3targét sound. :

Method

~—
i
L]

- Subjects. A ' P

J$1iteen right-hand}d nati&é speakers of Engligh or
French participated 'in this experiment. They‘weré‘randomly

assigned to an experimental or control group. Subjects were

'\p21d for their participation. Those in the experimental

. condition recelved $20, and those in the control condition

1
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\ The target sounds were the three M;ASarin retroflexed> B
\ t/ZH/, /CH/, /7SH/, and /R/. embedded in the\fgur vowel
T Vﬁ ‘ éhvfronments.descrihpd above. Fourth descending tone was -

. N -

i

always used with the _final vowel as this made it possible to
° " ‘f ‘ ./ N
. construct a meaningful story in Chinese. ' ! ~
The 16 stimuli wg§e paired in all possible combinations

'excduding permutations to produce 120 ﬁairs for the

g o g n et o

o .~'dissimilarity rating task. There were three such random

-

pairings of stimuli: one présented to both ears, one
'.

presented to the left ear with accompanying white noise in-

the rjght‘ear, apd'one'presentéa to the right ear with

accompanying noise in the left one. Order ofpresentation was.

random, with no two consecutive blocké of 16 stimpli to the

) .Ssame channel, Thgge was about one second pause between each
stimulus item within a pair ind'about three seconds pause
¥ -
> * between successive pairs. . T - '
The listening“text consisted of a three-minute story
\recorded by a male native speaker of Mandarin, and contair;éd
. the 16 exemg&ars of the target sounds with egual frequenéy (5 2
¥ , o : . |
} t tokens each). this text was played continuously £or thirty é
. minutes{ .. .
- ‘ /
Procedure. ,
» 3
- 3
/ ’ |
{ ’ ) ‘
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In the rating phase of the experiment, subjects first o~

heard the‘16‘different,sounds follgwed by the test trials in

.

e .
random blocks of 16 pairs of stimuli in’ random order. They

y(

°1nd1eeted the extent to which'they judged the dissimllarity

of each stimulus pair by marking a rat1n¢ scale booklet

_dontaining 100mm

lines labeled similar-dissimilar Tor this

pUrpose; where 0 indicated moximal similarity‘and 106y, ‘

indicated maximal dissimilarity. The, subjects were encouraged

Qto use, the full scale"gm*uch as possible but were not

LT3

L

required to do so. . s

Co All//ﬁbjects performed the ratlng task ‘on the first,

third and fi{th days of the experlment. Order of presentation

was the same for all subjects across the three sessions with
. At

order of channel etimulation counterbalanced.

>

In the

o

“ i
listening task, subjects in the experimental condition were
F

told to monitor the occurrences of Ehree different "words" by

makiag pencil strokes where appropriate on a sheet of paper.

1

This was done in
exemplars of the
in the speech of
three words were

sounds. Subjects

order to ensure repeated exposure to

stimulus categories as well
one native Mandarin Chinese
phonologically unrelated to

were not informed about the

r
as. to variations
speaker. The
the target

identity of the

language dntil after completing the experiment. They were

tested singly or in groups of two, with each ‘session about A

one hour.”

L

[

I8

.

r'a
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The dissimilarity ratings for the 16 stimuli produced by

each of the 16 ls&?jecats on the first, third and fifth days

for the left, right and both channels conditions were

» S .

subjected to MDS analysis using the M4 model of MULTISCALE.

All data were scaled in two and in three dimensions in order

téwdetermine the optimsl dimensionality of the sqlutions.

, Application of‘Ramsay's stopéinq rules indicated:a

three—dimensional solution was justified (cofrected x1$47.1,

‘b<.05) in several cases while in the rest anly a

twb—dimensioﬁgl solution was justified.

defining the final multidimens8ional space accepted for each

3

"The projedtions for each of the 16 stimuli on the axes

-

subject were analysed to compute the interpoint distaﬁces

between each of the stimuli. These°distances;wete then usear

: .
to calculate the degree of conghptual structure exhibited by

the elements

structure ratio W/B was calculated where W&:s the average

. distance between members within a particul

ca;eéory

relative to B, the average distance to members of other

categories (see Exper,iment 2). ' . ' “

To evaluate ear differences in the acquisition of new

:phonétic categories, structure ratios were computed for

I

cétegories differentiated on voicing (SH agg,R)’aﬁd for

3 [
—

in each percéptual representation. For this, the

i

e

®
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o ' categorles differentfated on aspiration (ZH and CH). THus,
; -~ : doﬂbutations were first made for SH exemplars diffrentiatec

: cnt from'R exemplars and, conversely, for R exemplars

diffrentiated from SH, exemplars. Thsse two ratios were

<

) ' averaged to yield a value reflecting the'degree of structure
¢ - * s ‘ L J

for categoprles differentfated,on voicing. 'The same procedure

: was followed for “the two categories differentiated on
{ . .
; Y voicing. \ ¥

‘. "
' The structure radios thus computed for the two groups of

subjects were squected to a2 X 3 X 3 X 2analysis of
i t

a
'y variance in Jhich the factors were GROUP (text, no text),

DAY (first, second, and third testing sessions), EAR (left,

right, and~both ears).and FEATURE (voicing, aspiration) with
’ q

repeated measures over the last threq factors.

. .
, T analysis revealed two signifﬂ%ant interactiong. The

.

MSe=1064, p<.001) showed that the text group demonstrated

w.w-
.
--) i

-significant gverall improvement between the first and thifd
testing sessions while the no text group did not. Overall
5 ,

structure ratios, calculated by collapsing across all three

D

ear coﬁditions and both the voicing and aspiration features,

.

are shown in Figure 13.

-

r i Lo The second significant interaction is a DAY by

CONDITION by FEATURE interaction, (F(4, 56)=4.796, MSe=\037,

" p=.0021). Figure 15 shows thé evolution over sesgsions of .the

voicing and aspiration differentiation for each condition on

!

firdt, a two-way interaction of GROUP by DAY, (F(2,28)=9.485,.



' STRUCTURE RATIO

-

8
. - 8y !
o TEXT R
o- NO TEXT » :
. \‘\
1. 2 3 o
TESTING SESSION - o

Figure 13. Evolutlon of the perceptual structure
in the acquisition of new phonetic cate-
gories. Text group listened on two
“occasions to 30 min of Mandarin Chinese
P speech.,




s

e o A St O b A

r
each testing day, for each -group. It is apparent from the
data diéplayed \‘:}n Figure 14 that there are ‘developmeni:af

differences between ear con‘ditio.ns, regarding the rate at

N\ .
.which voicing and aspiration contrasted categories are-

acquired,

Let us first examine the results for the Text group in

. _ . ¥
the LEFT EAR condition. There is marked improvement in the .
‘way cétegories are differentiated on voicing on each

successive testing session. From Day 2 (i.e., the second day .

of tgstiintj), differences in the degree to which subjects

' ‘ -
discriminated between categories varying on voicing and those

-

varying in aspiration is{ also apparent: the performance along

.the voicing dimension reflects better discrimination (post

hoc Tukey test, p(,.01) . This éifferen;:e becomes qreater b‘y
the last testing session whereas no further improvement w;s
evident regarding discrimination between categorieé .
diff,grentiated on aspiration"(.94 on Day 1 vs. .79 on Day 3,
P>.05).
\ When we’ exarﬁine the results for the RIGHT EAR conditi:)n,
we a;so find an improvement in voiéing from first to secggsi
testing session of about the same 1;agnitude as the one
observed for the LEFT EAR condition (p<.0l). There is also
significant improvement in voicinq from tﬁe second' to the'
third testing session. ‘

In contrast to the LEFT EAR condition, the RIGHT EAR

shows gradual improvement by the end of the experiment for

{

»

o s
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’ the fepture of aspiratién (.90 on Day 1, and .58 on Day 3;
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v
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p<.01). By Day 3, however, the voicing cbntrast appears much

better developed than the aspiration contrast (.25 -and .58

\
respeectively, p<.01).,

a

Figure 14 shows that perfermance in the BOTH EARS’//°‘.
condition remained stable throughout the expeFiment for thé
voicing feature, Perfarmance was, however, better than in‘
either RIGHT EAR or LEFT EAR on Day 1 (p<.01) as ell as on
Day 2; althpugh only significantly so when égmpared to the
;ight ear (p<.05) and about tge éaﬁe as e{Fh;r ear alone on
Day 3. Performance in BOTH EARS for Lhe feature of aspiration
paralleled that of the right ear.

The no text group showed improvement on{y—dn<xhe voicing
éontrgst (.72 on Day 1 and .49 on Day 3; p<.05). Their, |
p@rformance on volcing in the BOTH EARS cond}tion,parailels (\/

that observed for the Text group, but they exhibit no

!
1

improvement on aspiration., Both the Text and No text groups
"perform signifitantly better in discriminating voiced from

voiceless cateébrfes than {n differentiating qategories which

\ . S t
vary on aspiration.

<

»
s

/

Figureé 15 ahd 16 depict representations of the
percegtual space produced by the Text group in the LEFf EAR
condition on Days 1 and 3 respectively. In Figure 15, the
four exemplars of’gach category appear randomly distributed

in the perceptual space, indicatfhg poor conceptual
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Figure 15 P14t of Dimension 2 (vertical axis) agamst
Dimension 1 for the configuration of Mandarin
» Chinese phonetic categories pr(esentgd to the
left ear on Day 1.
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lg‘igure 16. Plot of DiMension 2 (vertical axis) against
Dimension 1 for the configuration of Mandarin

Chinese phonetic categories presented to the
’ left ear on Day 3. . )
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interest because it does not represent a contrast found in

. - )
. - . i .
structure. Figure 16 reveals-that subjects clearly showed

impro.\}emen over timeAin the structuring of their perceptual

N L)

spaces At can be seen in t’:his~figure t;‘t\xat two categories of
P 2

speech soungls -/SH/ and /R/- afé very well differentiated

from each other (mean structure ra;:io (averaged‘overﬁ

subjects) for voicing con}:rast = ,27). 'fhe exemplars of the

aspirated category /CH/ and those of the,: ;zriaspirated category »

/28/ are close to the other exemblars in their ’réspectiv‘e o

categories but the categories themselves are not as

differentiated (mean structure ratio for aspiration ) i

contrast=,79) as the categorfes differing on voicing. . |
(.The a?pi rated-unaspirated distinction is of special )

either English or French. As can be seén from the poor
\ ' ' rd

structure ratios on Day 1 (Figure 14) for all conditions, the

data support the expectation that these two categories would

be difficult to discriminate from each other. Follo'wing our

expectation, however, there was a significant improvement in
di%ferentiating the aspiration contrast although for the \ -
RIGHT EAR and BOTH EARS conditions only. Furthermore, this
developm'ent was significant only for subjects in the Text

condition,

-

s

' A point of interest in the present study concerns the
existence of ear differences in the formation of phonological
perceptual categories. The Text group produced perceptual

structures which showed enhanced discrimination by day 3 for
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categories cgntrasted‘op voicing, “in both he LEFT EAR aﬁd'
RIGHT EAR c¢onditions, The' sogiects’ perce tual
repi‘esentations_ show?d at the beginning i l—defined,‘
overlapping categories which,'after suﬁgequent testing and
repeated ' exposure to the exemplars of these ca‘tegor.ies in the
listening “text, resulted in relativeJ:y well-structurea
c.atggories. The right ear, however, was demonstrably’ sdperior
to the left by t‘hé third testing session in discriminating
aspfrated /CH/ exemplars from unaspirated /ZH/ exemplars.

As exposure »to the unfamilisar aspirated and unaspirated

phonetic categories increased, the subject's" initial .

o 5

perceptual representations of these categqries underwéné
structural changes (reflecting conceptual shifts) which were
presumably affected by the adoption of new criteria in the

=
judgment of stimuli. These changes may reflect a process of

- feature extraction whereby stimuli are analyzed as a set of

+

features which in turn help cconstruct and affect the ideal,
prototypical representfati/o\n of thgée' conceptual categories.
These ideal representations are furt;\her refin;d’ w'i,th
increased exposufe to ln;embe,rs of the concepts, suggesting
gradual transformatioqs or—réfinements of the ;irototype for
tl},eée particplar categories. It is: not surprisfr\g\_;ﬁat_
voicing cont‘rasts) were acquir§d l‘faster ané better than
aspiration ,contrasts, voicing being an important feature of
the Engli.:sh and French souynd systems. J

The important point, as noted above, is the. REA in the
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‘iftrac;ipp of the aépiration feafure,'eVidenced by .enhamced

jJ’

~

discrimination from néar random tepresenttioﬁ‘(mean strﬁcturé
ratio=.9) to significantly better structgre§ représeétaffbn
(;58), a process which is believed to be analytie¢ in nayure.'
Thus, there is clearly evidencé of an‘inéeraction
between tPe nature of the stimulus_and* ear of presentation.’
That this effect is not only due to the natyre of,éhe task is
shown by the ability of the right hemisphere to learn ﬁo"
discriminate between those exeyplars differentiated on

o

voicing only. This strongly suggests the important

.participation of the left hemisphere in the difficult task of
J

extracting new relevant phonetic_informatioen. > — —

4 \ :
If this process, observed in adults, mirrors development

of lateralization in early ;peeéh perception, it may-be

differentiation of new phonetic categories. The results also

reasonable to assume early involvement in speech analysis on

the part of each hemisphere with the left,one pogsibly more -
¢ .

attehtive to difficult features. ) a

fn summary, the results of this experiment suggest first
that listening experience leads to increased perceptuas
suggest faster and better differentiation of new phonetic

categories varying along a previously familiar phonological

i
i

contrast (voicing) and a slower but significant evolution on
the part of the right ear only in the'differentiation of new

phonetic categories contnasEed along. a previously unknown

b ]

e




ey

’

-— ,.]..MJ.* e e o mmaa— o

5‘ >
b e

RPN 4

e e g R armar

<

e

A e A o

!

7

o

i

Iy

N

“ —— e D R Wy

.

'\ dimension (aspiration) suggesting ‘qualitative  hemispheric
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] differences in the processing of new phonetic information.

»
4 . \2
2 4
.
s
! . 4."."“ »
v e ’
I \
S AN
'»5‘“0'-'- «
I , "
- ~ , .
o v ¢ . | X
5
.
y ~ °
- ' .
i
. J
. ’ A
4 -
@
/ . '
- LY ‘
) -
/
] \ ! 5, .
. 4 # .
b ™ A .
»
) .
'
.
L4
\ B o ’
h ’
"
- =
o B
o
|
.
-~
¥
* ©
. ~
v ]
\
-~
Q Ll *
L] °
s , .
. . - : M
. N
A
» . .
I
/ N



N e g e T

T e

© e r e et AL £

T s e e e i D P

99

% o .
’ . - I'd
~ ) ' " -
Individual Differences in the -Perceptual *

¢

-

e Representations of Speech Sounds .

Individual differenCes plagué heu}olinéuistic reséapch

y

just ps.?uch as in ad?’other field invélving live organisms
a’(Segalowitz & Bryden, i; press). Such Qifférencg§ may be due

to individual variations in task performance, éigferences in

brain morphology, as well as go differences in developmental*

experiences that may affect the way language comes to be:

L

. N
organized in-the brain. It can readily be gccepted that no
¥

twe individuJis will perceivé a set of stimuli in exactly the

same way. Moreqxer, no two ingividuals will use thgk?éggbnse

~

medium in exactly the same way.'

This problem is\fspeciélly true with multidimensional
scaling analyses, For ex;mple,'MDS results obtained from

¥ .

<

- grouped data may reveal a higher dimensionality than

-uis

Dimensionality for grouped data should thds be intbrpreted

"partly as a consequence of integgubject/variation in

dimensions used 3% well as the dimensionality of any
¢

- subject's peigeptions (Ramsay, 1978). e
/- The MpSi program used in the present research (proq@gm

‘M3 of MUf;ISCALE) assumes that the subjects sharge a common,
P .

pepé@ective on the speech stimuli but that they nonetheless

-

-~ . 3 4
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Variq;ion due to increased amounts of experfghce with those

- 100

Y
vary with respect to their relative mise of the dimensions

uqaelying the group's peYceptual representations. A gléhce at
Figures 17 and 18 reveafs the extent of individual variation
in each ear condition. These figures show that sub]ects .
appear to use each dimension differently (as reflected by the
weight estimates, an ipdex of the subgect's consideration ofk
a particular dimens;on) from 6ther subjects and to a
different extent -from one .condition to the next. Furthermore,
there are important differences in the number of dimensions

underlyiﬁg the spaces derived from presentations to the two

ears as well as in the salience each,ear gives to each -3

dimension. In Experiment 3, for example, four dimensions
account for a better fit of the data for the left ear while
only three do so for the right ear. The extraction of a
Parqer number of dimensions may be indicative of a more

complex or sophisticated perceptual .skill é; that more

features or properties of the stimuli are taken into account.
,The dimensionality derTVed for a particular class of

stimuli presented to a given ear may also be subject to

stimuli. I& Expe;iment 4, only two dimensions accounted for
the representatioglof initially unfamiliar stimuli presented
to the left ear on the first day. By the fifth day, however,
four dimensions now gefine‘the group's pegceptual space. A

similar development is observed foitphe right ear with three

dimensions defining the group's representation of Chinese
é
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Figure 17. Final weight estimates for two subjects
in Experiments 1, 2 and 3.
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a2t the end of the experiment.

‘the part of each heminhere 15 the percepﬁion of different

sounds at the beginning of the e;periment aﬁd four dfmensioné'

Y

<

These data sugqeét differgnt degrees of involvement on

class;s of speech souhds. These results argue for the notion
that the ;Qo hemispheres do not give equal congidérati&n to
the defiﬁing features or properties of a set of stimuli and
that listeners vary with reséect to the relative significance

accobrded to each dimension. . h '

- ~

e pemmmm——




P S NI AIG Y G o N o Woarmr 3 i 4 wm e

& e o e e AteA—. T AR R e g

S e e e e s ey Y Y BT

GENERAL DISCUSSION

's . <

The experimehts reported in this thesis repreéént ag’
. -
attempt to advapce our understanding of hemispheric .
% f

specialization in speech perception. The research used a

variant of the dichotic listening paradhn$in which different
S, L 4

classes of speech sounds were presented tp investigate' each
L '3
hemispRere's contribution to the perception of consonants,
[ 4 ~
vowels and new phonetic categories.

The results of the first experiment suggested . ¥

t

participation of both hemispheres to the.percepfion of
consonants varying in manner aﬁé pléce of articulation as

11 as in voicing. The data suggested a LEA in voicing and a
EA in place of articulation. Manner of articulation, it was
ound, constituted a paraméter which éppearéd to be engaged
in all ear condiggons. These results were only spggestive in
the #ensq‘th%tatheir interpretation relied principally on

explaining’ the meaning of the dimensions defining the

perceptual representations and on assuming that differences

1

in the perceptual spaces had their origin in the differential

treatment of aumditory information b? each ear.

B

The .second experiment was therefore conducted to obtain

-quantifiable information about ear advantages in the

perception of consonants. The sounds chosen varied on two
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‘important feature?m}v01cing and place of articulation. The

differences, for diffii:::gz:i::i::ﬁjf;p16235§hﬂ§in the
. ~
right and left hemisgbhe g :information.

,reflected different processing capabilities of the two

*pefformance in the left ear condition was still above chance
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experiment produced evidence, in the form of structure ratio

Specifically a LEA “vas found‘for the differentiation of the
voicing coQtraft. Thﬁs, the data suggested that bothv
hemispheres may be involved in the perception and extraction
of both place and voicing iﬁformation, but that they éo so to
different degrees.

Others, of course have aiso fahnd hemiéphefic
diffqrences in the processing of Speech sounds. For example,
Cutting (1974) used a modified dichotic listening procedure

in which he presented subjects with synthetic CV and Vv

syllables. The C# syllables contained an initial frequency

transition which identified a specifié consonant, while the V

syllables did not. Cutting found that stimuli whicﬁccontained

an initial transition element were better discriminated when

presented to the right ear and concluded that these findings

hemispheres. In a related study, however, Cutting.(1974)

found that the LH did not apgear to dlscriminate between t
phonetic and non phonetlc transitions ‘}t should be noted
that‘although these find;ngs were based on shall, albeit

reliable, differences, Cutting overlooked the fact that

level, Freides (1977) has argued-that techniques such as
‘ v

i
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dichotic listening procedures that employ competition and
manking measures are heavily Influenced by output factors.

Cutt{nq s procedures may therefore have measured response
strategies rather than processing dominance. The' failure of s
Molfese (e.g., Molfese, Freeman and Palermo, 1575; Molfese,
1978a) to replicate Cutting's right ear advantage effect may
havﬁe béerf-@ue to the sénsitivity of AEP 'procedures to

hemispheric processing of incoming activation.
. L

- " ¥

Thg’results of the present experiment go a step further

towards determining hemlspherlc involvement in speech .

perceptlon. what the data revealed was nhot a particular ear

s -~

advantage for a certain class of stjmuli (e.g., consonants,
vowels) but rather/a«prefeffed (and not exclusive)
invdlvement on the part of each hemisfhere for certain
components of the speech signgl. T ' Jv
Eléctro;%gsiological investigations of linguistic events
have demonstrated, at least at the level of th; input stage,
active responding on theqpart of both hemisphéres and an
absence of interaction with task variables inﬁicating that
the hemispheres responded to all ;he stimuli in a diffe;ent
fashion (Molfege, et ai., 1975{vMolfese, 1978a) . More gecent
results suggest also a strong contribution, as revealed by
AEP techniques, on the part of the BH in the perception of - ®
voicing. ' B . . ‘
The data from Expg;iments 1 and 2 yielded results in |

accord with those obtained by Molfese (1980a). The fact that
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L ‘ ‘ , ¢
the RIGHT EAR and LEFT EAR perceptual representations , ¢ =
derived from exactly the 'same information, differed on the ’ -

.

importance, or salience, given to the features of blade and
voicing, adds to the suggestion that the components of fhe
stimuliﬁinteracéed in some different fashion with the
1\-‘B}:'Q’c:es»sm-s accessed by eac§;channe1.
The same phenomenon may also be inferred fr§m the
results-of the third experiment in which vowel perception was
investigated. Oncehagain,zno particular ear advantage for

e

‘ Qowel perception as’ such was found, but rather a differential

' : s
involvement on the part'of each hemisphere to different
el . :
acoustic parameters important in vowel perception and .
recognition. ‘

The results of the fourth experiment showed gradual
involvement by each ear, as measured bz increased

discrimination, fol%ﬂbing listening exposure to exemplars of

the foreign stimuli. That increased discrimination resulted
at least in part from listening to Chinese material and not
only from familiarity with the task is shown by the différent

- developmental course followeé by the experimental and cohtrol ,
groups: That hemispheric processing as suéh\vas involved is
also suggested by the diffg‘ggntiél development of
acquisition of the two features investigatéd, aspiration and
voicing. An interaction was obserQed showing a REA (left
hemisphere participation) in the ex;raction of the apparently

more difficult aspiration feature. These results suggest that

-

. L
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when confronted with a diffieult linquistic task, the left .
hemisphere may’be called upon (at least..initially) to a
greater extent than the right in identifying the unfamiliar
features of a forelgn language. It would be of interest to
é*nd out, whether, given time and more experience with the
};emplars, the right hemisphere,could catch up with the left
in the acquisition of a difficult phonetic feature. These‘

{
results are, of course, only preliminary. The stu¢§/ however,

presents an innovative approach to the séudy of hemispheric
functional specialization that can be used to test for the.
pﬁzghological reelit? of the erocesses assumed_to be
involved.

Many autlors invonea“%n neuropeychological research
have restricted themselves to ascribing functions to eifher
the right or left hemisphere. In such cases the hemispheres

are then described as two more or less independent systems to

which functioffs are attributed on the basis of a dichotomous
: {

principle. Suggestions that individuals may demonstrate

differences in thelr "degree" of functional asymmetry have,
r

however, been made by a number of investigators (e.g., @

" Hardyck, 1977; Zangwill, 1960). Their position is‘;hat there

,are varying degrees of functional asymmetry between the

hemispheres. Sources of evidence for the notion of laterality
as a continuous phenomenon, as well as interpretive

theoretical models, are"increasinqu abundant.

I
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One type of model that has become poéulat and that may-
shift the folfus of resea}ch away from broad characterization
of,left and right hemisphere capabilities (e.g.,
verbal-nonverbal, logical-prelogical; Bradshaw and Nettleton,

1981) to a more detailed viaw of laterality phenomena is the

.information processing ‘model (Bgaumont, 1974; Fowler, 1975;

Hardyck, 1977; Moscovitch, 1979). This model views the brain
as an information processing system, built up of discrete
components. The actual: functioning of these components, aéi
well as their organization and representation, may vary
across both‘éubjects andlgasks. So rather than providing
answers to "what it is that characéerizes the specific

3

functions of the right and left hemispheres in the normal
adult®™ these new approaches intend to explain "how the
commissures act in providing information transfer, between

the hemispheres, and in constraining, %r modulating the

activities in the parallel halves of the brain in such a way

that a functional asymmetry arises and is maintained"

(Teuber, 1973, p. 71) .Taken together, these observations add

support to the notion that it is less and less acceptable to
describe left hemisphere dominance in terms associated with

T

the traditional verbal/nonverbal dichotomy.

This study presented an innovative appro;ch to the study
of hemispheric functional specialization which can be used to

test for the psychological reality of the processes assumed

o [ J

Lo
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to be involved. This approach can be applied to the sﬁudy'of

the specificity and plasticity of brain functions underlying )

' speech during normal and abnormal language develgpment, and
\\

in the dissolution in& récovery of.speech or language after.
cerebral lesions. At one level, differences“in the recoveréz
perceptual congigurations, for example, would arque for the
existence of specific differénces between age groups in the

processing of speech or l#nguage. At another levelf we can

.

L

advance our knowleége of the organization or reorganization
of linguistic“and other cognitive functions in the brain by
investigating differences in perception between clinical

populations“(g.g., acallosal, hemispherectomized,
. J o .

+
callosotomized) and reference groups.Finally, the experiments

&

' *
reported here have shown, with different classes of speech

sounds, the active role played by both Remispheres ig sﬁeech
- . L]
perception. More importantly, the results also suggested that

this participaﬁion to‘fhe process of speech analysis occurred

along divisions defined by the features of the stimulus

+

rather than by the class dethe stimulus.

S

9
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Physical parameters of vowels

Fl

(Hz)

300
400

450 '

500
“ 530
680
600
360
450
330
490
510

Appendix 1

*

F2

(HZ)

' 2100
2000
2000
2030
1960

1250

900
720
1020
865
1330
1450

F3

(Hz)

2950
2600
2600

2600

2:}p
2850

2630
2210
2500
22000\
2490

2460

\

Duration

(fhsec)

660.
300
470
320
450
470
520
480°
340
420
£70

470




