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This thesis examines the relationship between physical

+ properties of vowel sounds and their psycb?loglcal repre-

sentation as given in a multidinensional scaling analysis.
- . . » N

Subjects in the study were asked to judge the degree of '

dissimilarity be tween pairs, of syﬁfhetic véwel sounds in

et x ;.
three phonetic contexgs:f in iiglatio%, embggded in /p-97

’ .

and in /h-d/. Multidimensional scaling analyses yielded
{ < t .

“a final configuration in five'diqpnsions in /h-d/ and in

* four dimensions in the other two contexts; The-first‘three

Y - ——

dimensions cpryxesponded best to the Features of tongue, ad- , - - {

[
°

vancement, vowdl height and discrimination between mohophﬁ
thongs and diphthongs and-these were;gfund to be invariant
across ﬁﬁeqthree contexts examined. Contextual éffects

[}

were found to be significant for the fourth dimension in

¢ that the feature tenseness seemed to best account for N
¢ hd . s . ”

ounds presented in /p-p/ apﬁ“ﬁ-d/ only. 'The fourth ?i— ‘
mension'in the context of isolated vowels and the fifth in
Jh;d/ could not be defined. These findings sugéest~that
all the dimgnsions in tbé psychologfcal‘repfesentations
that have bgennzzf%hed were derived from information car-

ried in®the firgt two lower formant frequgdéies. The re-

nt literature

sults are interpreted in light of the curre
. ; /
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. The fact tha't one cannot order speech sounds, vowels
\
and consonants, along a unidimensional . phy’smcal scale - .
Eo:.nts to the presence, of a complex physical representa-

kg

Although the exact nature and number of acoustic

anrd art'ic'ulatorY. features needed for adequate description

tion;

°

are not agreed ixpon, it seems feasona‘bl%‘ to suppbse that

s s

speech sounds can bé cons:.dered as occupymg pos:.tlons in
(1]

a multldl.menslonal spage ln which each of the features (

used in desc;nblng the - speech sounds corresponds to a di~

" mension of the space. :
. - - :

1

Consequently, there has beén a concerted effort to

.

;investlgate the problem of relating differences in the

physical properties of speech sounds to their perceptual .

representatlon. In absolute identification experiments,

subjects are presented w1th 1solated phonemes and asked

’

to indicate after each random presentatlpn which phoneme

1

- they think has been presented. The obsérvations gathered

are arranged in an n x n confusion matrix indicating for

-

‘each of the n phonemes presented how often it was con“-
.‘fused with one of' the n-1 other phonemes.r The confusion

d:.scover how a set of

1

" data thus obtained can help us L

speech ‘sounds is processed w:.thln the llstener or, in

v

other words, “to discover the psychologlc‘:al structure un-

1
A

i derlylng a partlcular 'set of speech sounds. It should,

\}

be borne in m:.nd that the construction of a confus:.on
°2 N

o

matrlx does not require any knowledge of the phy81cal

v @
M

-
-
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.
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' '%arameters or properties of the stimuli gor it is based
on the. responses of the listeners. In substance, a
structure or a representation derived from a confusion

‘métrix is a subjectlve lnterpretatlon of the 1nterrela-

.
=

»

tions among the stimuli’ as they are percelved psycholog-

ically and not as they are measured phy51cally (Shepard,
& [NY

1972) .

In a classical study of confusions among single ini-

tial consonants, Mlller and Nlcely (1955) measured per-
ceptual confu51ons among single initial consonants under

‘ various condiilons of noise added to the speech signal. a ‘ »
In their expe‘iments, subjects were asked to identify each il

) " “of sixteen different oonsonant-vowef (CV) syllables. all

syllables had the same endiné /a),'as in father. . -The con-

’ ‘ sonants used were the following: /e, t, k, £, 8, 5, [,

5

b d, g, v. 3, z, ' m, n /. Miller and Nicely (1955),

e .

obtained 17 complete l%’x\lG confusion matrlces, each un-

P
) y . . . ’ i
" E der a different condition of signal to noise ratio.
5 p:
B : .
g%;l Shepard (1972) was able to derive a similarity matrix

e

=

from their data by po llng thelr results _ From thls, he .
e I

)
ey T
.

s o
3

was able to construct;a spatlalirepresentatlon of the

speech sounds. Combining data in this éashion, Shepard ‘- y

9

argues, has little.eﬁfect, if any, on the internal struc-

1 / . i
ture of the confusions. Shepard recovered the two di- N :

“~

mensional spatial configuration in Fig. 1 by applying S

o] . »

the method of "expgorential analysis of proximities", fol- . . 2

;
.
. ) » :
{ - - - i
! a
- * - “ R T e 1 - .
v o, . . ., -

a4 -
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Figure 1.

Spatial,‘and hierarchical representation of °
the perceptual similarity betwé&en consonants, ‘
derived from Miller and Nicely's (1955) datau'
Frog,ﬁhepard (1972).
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lowed by a hierarchical tlusterihq technique whi@h‘sequen: s

. P . T

+ . tially orders 'sound pairs according to their degree of el
similarity. His resu;tsliﬁdicéte that fwolozthogonal di-
mensions corresponding to the pergeptdal features of

vbicing and a combinétion of affrication and nasality

partitioned the ‘16 consonants into»elugte;s representing
tpe nasals /: m, n/, thé unvoiced stops and fricatives S
/P, t,qk, £, 8, s,vf/ andvthe’cp rssponding voicédtstbps \\'a
and fgicatives'[b; 4, g,‘J,B} z,éw/. In' addition to‘rep-‘ ) .J
licating the results of Miller and Nicely, who had alreaay B
shown that the two dimensions of nasality \ind voicing best i .

“

N
met the data, Shepard provided some .validizy for this type

. L]

. of spatial representation. ‘ . .

2

The two perceptual features-in the spatial configura- ’

P . ,/

tion of %}g.‘l account for 99.4% of the variance for con-
' T : !
fusion among .the 16 consonants. Miller and Nicely, on

the other hand: considered the speech stimuli to vary ;
* 1 ° ‘ ? .
. with respect to as many as five distinctive features (i.e., !
N y » .

voicing and nasality as well as affrication, duration and s

place of -articulation). The fact that over 99% of the

variance is acoounted for by two dimensions, does not im-
L .

»
[FPRS——

plj that variations occur along two distinctive features

L 3 - ~.

only. In the lower part of Fig. 1, for eiaﬁple, we can

- -

discern the parallel and vertical ordering between the

2 e Do

unvoiced fricatives and their voiced- counterparts with

~

respect to place of articulation. Moving down from /f/
R . ; :

\

8 ‘ ©
. .
' \

. . .
S S viegee vt s 1 e e sl . : . S LA
' v Fet R——
| avy ‘. . A N X MRl
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T s
and /Y/ to /f/. and 43/ the respective places of arti;ula- .
tion for the unvoiced fricatives and their voiced counter-
p;rts are lébiodental, dental,  alveolar ang palato-alveo-
lar. .Thus, in addition to the’ previously mentioned dis-

—

tinctive feature ofrafﬁricationﬂ place of articulation
gy,

appears also to be correlated with the ordering of the

speech sounds along the major dimensiéns in ‘this spatial

representation. urely, a higher dimsnsional‘configura—

s

tion ﬁould account for a larger propoffion of the vari-

éncg aﬁd.some investigators, using multidimensional scal-
ing methods; have endéavogred to extract as many'as four
spatial*ﬂ%gens{gné from the Miller and Nicely data (Wilsoﬁ,.
1963) . But with less than 1% of the variance unacgounted:
for in tﬁe example described here, it is doubtful whethgr
the added dimension({s) Wodld“have any psychological sig- “
nificance. Nevertheless; it‘should aiready be clear that
a spatial representation is useful in that it;tr;qsforms

the iﬁplicit infofmation contaihed in the original ma;rix

of numbers into‘an explicit and immediately ;ccess;ble
structure. (Shepard, 1972),‘ ‘

The confusion be?wéen phongﬁes has beeh considered °
hgre as a measure of psycholpgical similarity, byt dirégt
sub%éctive mgaéurements of the similarities of pairs of
stimuli have also been obtained. In an experiment using

the same Q/consonant stimuli employed by Miller and

Nicely (1955), Peters (1963) had éubjects rgte each of

Y a

4

] . ‘ . <
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120 pairs of consonants on a n;né—p int scale (ranglng

from "extreme 51m11ar1ty“ (1) to “extréme d1551m11ar1ty

(9)) after havxng pronounced the pair aloud. It is im~

portant, <to note that sub]ects in this study responded to™
the stimuli not onlylas listeners but also as speakers"
Shepard applled the clustering algorlthm used pre-
2

viously to the resultlng matrix of similarity ratings ob-

tained by‘Peters. The most prominent clusters are repre-

' ¢

sented in Fig. 2. A single heavy line links pairs w1th

.t

high similarity ratings. Fo; purposes of comparlson, the

v ©

. r e’ . .
- .consonant phonemes are placed in the same relative posi-

. ’ : \

tions as in Fig. 1. The results of the clustering anal-
< ‘ ' ) .

yses are indicated by the dashed lines encircling the i

: N ‘

clusters. At the level -of four clusters, .the consonantg

v

are divided into four groups comprising the nasals /m, n/,

the stops /b, d; g, p, t, k/, the fricatives /f, 8, v, B,ﬁ

and the sibilants /s,J‘,~z,5/. At the level of lght

clusters, every v01ced consonant is linked with its

voiced counterpart, and @-{xe two nasals (as in Flg 1)

are still paired together.
clusters indicate that the pattern objfained here bears

data. The discrepancy between the structures recdvered

sttt B

o S e
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respon%}ng solel& as a listener, as in Miller and
experiment,-of as both a iistener and a speaker, as in
Peters'. A speaker, for:egemple,,migh‘
tentiof to the articulatory eharacEZYfgtics of ‘the sourids

he is pronouncing than would a listener.

. con;usion date solution where this distinctive feature

&

. “
. = . v

_—

.
.
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e

& b ’ .

Nicely's

2
)
[3

be  paying more et

N

shepard’ (1972), however, argues for a more cognitive) .
3 . » ., u
;nterpretation of fﬁese‘results, and disagrees v;th

sonants were sorted accord-

>

Peters' conclusion that the con

ing to manner of articulation (first, and that voicing and

o

place of articulation were respectively next in impor-

tance. The feature o Wicing, in fact, appears to have

) .

e subjects as is evident
™ .

groupings in Fig. 2. -This contrasts sharply with the,

r]

-

been'igﬁ%red by from the .

=<

was clearly the most prominent. Shepard, therefore, -sug-

. . .
gests that Peters' subjects treated this judgmentel task

3y

.

In

B ,.__.\T.M.Z.:..... R o
. A~

as an gnalogy task rather than as a simllarity task.
other words, subjects might have been most impressed by .
the parallelism between the voiced and unvoiced conso-

nants, thus leading them to discount the manifest dif-

b wmetoun e o B o

ferenée between the two, paralle] sets. Furthermore,

- .

Peters' subjects had had sorie practice‘in‘phenétics and
the fact that they pronounced the consonant themselves ‘ N
hight tend to focus their attention on the feature of

'P
manner of articulation. The disparity between the two

-

that they are

representations might be due to the fact
. . . . . l\

t
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based on the results of two differently derived.'sets of

data, confusion and similarity data. Although it is dif-

& R LT N o
-

M

= ‘ . . 3
ficult®at this point tp ascértain which method has greater

BTN

- validity, this disparity argues for caution in generai- - R

: izing from 'the‘ confusions among ﬁhoneAes to subjective- TN, |
o . ) ) v |
estimates of similarity" : Cod

. *i

T emeagaE

,Studies on the perceptual representation of speech

sounds’ have not been ctbnfined to consonants only. 1In a

.

well known study by Peterson and Barney (1952) listeners- = . \
attembtéd to identify, after an aural presentation, which :  ) .

\ of(ten monosyllabic words each beginning with /h/ and end-
. . .

' ing with /d/ and differing dnly in the yowel had been pro-

Y

) 8 .
hawed, hood, who'd, hud and heard and the vowels were

nounced. Thre words used were hekd, hid, heéﬁ, had, hod,

respectively /i, Ig, £, 2v0a0, o0, U, u, A +¥ /. The task

was.rendergd difficult by the fact that difﬁerent speakers

varying both in sex and age pronounced the same words on

-

different presentations.

¥ -

’ Shepard (1972) computed a~l0 by 10 symmetric matrix

of proximity measures from the resulting confusion matrix

P o L A R N

" obtained by Peterson and Barney and subjected it to am

<

P

s exponential analysis of proximities. The recovered per-
Y . .

;
X
i
{
&
&

L ¢
; \
bro
¢
¥
7
i

§

" ceptual representations were fitted in the dimensional \

space shown on Fig. 3. "The resultinghconfiguration has
some face validity. Words that sound similar .(e.g., hod . "

and hawed) are reb;esented close to each other while wotds ’!

b '
N .
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Figure 3. Three-dimensional spatial representation .
for 10 vowels derived from Peterson and. :
Barney's (1952) data. From Shepard (1972).
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that sound relativelys dissimilar (e.g., who'd and-heed) . ‘

are further apart. - . vy

.

Additional demonstration for the validity of such a L

R

spatial configuration can be obtained from its relation-

. A

Y, L,

. ship with other, exfernal variables. In this connectién,
’ ’ N

,~Shepard Wwarns, t/heré is no ground to bel7ieve that the .

R T e L
‘ﬂl.@_ e

pi'ojections of the points on any of the reference dimen- . /S

siopgs are related to an external variable since the styuc- : ]

(S

ture of the recovered configuration is uniquely deter- ] !
With respect to vowels, however, it
¢ "

mined by .the data.

is only the frequencies of the two or three lower for-

mants (Fi) - g::oups'of' overtones, or energy peaks in the .

»

.fréquency spectrum, that correspond to resonating fre-

Al

duencies of the air in the vocal tract - that have been -

consifered to be of any psychological significance
(Potter and- Petéfgson, l94§; Darsw?i, 1976). Though the

three dimensions ih Fig..3 account for most &f the vari-
4 “ .

ance (99%), the first two dimension’s "explain" 97% of it

‘
i

and correspond roughly to the first and second formant

Y
v v
A

f.reéuericiéé of the vowels.

‘ 1

Shepﬁrd fitted three new rotated axes. through the

-

i

]

. {

representation of Fig. 3 such that each axis would best ' ‘;
. - )

fi;t\the average éenf;er frequency of the vowe](.' formants

as measuyéd by Peterson ‘and Barney. He found that the

angles between the three new axes corresponding to ‘the %
R {220 . - ;;
first three formants were 99° between Fl and F2, 1049 . _'V . '}
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5 between Fl and F3, and 49© between F2 and F3. Thatithe 4

¢ e ’
! ﬁ@y" psychologlcal effect or contribution of Fl is relatlvely

. lndependent of the other formants is suggested b {he .
fl near orthogonallty of the first axis to the other two. N

-
B

Psychologlcal effects of FZ and F3, on the other hand,

appear to be somewhat lnterdependent. This may be at-

trlbuted te the restricted range in which F2 and F3 can'
kl

vary " the lower F2, the more-determlped is F3. Fig. 4

shows the Fl=F2 and F233 pianes ef the adoustic space.
*

Because, in this case, a reduced spatial configura- . ‘

N ,p
tion of two dimensions still gives a good approximation

of the data, accountlng for 97% of the varlance, and be- .
. 1
cause the 10 points in the space are roughly allgned .

-»

' falonglthe‘traditional vowel loop - the closed curve which

delimits the area in the Fl;F§:;lane (Fig. 4) of the
!/ s ’ .
“/ acoustical space where alI vowels are ﬁ@ﬁxained -, we can

dlscern a clear relatlonshlp between the phy31cal pro-
. pertles of the $timuli and thelr recovered pSychologlcal
representatlons derived xndependently ofethose phy51cal

measurements. The notion that the frequencies of'the .

. first‘two formants pf&y a critical role“in the recogni-
) ; ‘tion of spoken vowels‘ﬁhus receives additional support. - %
- * it is important to\note-that Peterson and Barney . ?zé\
(1952) tried to relate oowel qualities with'formané pat- %
L terns. They plotted 1£FEHE>F1—F2 plane 10" vowels spoﬁen %
by different speakers. The graph showed some 'overlap %L;
} ) . - .5

ST ey e
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for certain vowel areas. The.addition of the F3 frequency'

P

did not greatlygalter this overlappingy Applying statis-

LGt e T O, -

tical techniques of multivariate analysis to the Peterson

-

4 and Barney data, Welch and Wimpregs (1961) showed that

L b Bnge by e v
¥

ng the F3 information to Fl-F2 did‘fittle to enhance
"L »

§ recognition. It simply” feduced the error rate from 13%

o ' to 9%. With the fundamerftal frequency (FO) also taken ¢

v

into account, the error rate waskfurther»reduced to ap-

-~

proximately 6%. -

;' . Individual differences are partly responsible for

ot

the overlap in the formant space. "As is shown by the .
- .
«, Peterson and Barney (1952) spectrographlc measurement

\
the center ﬁkequenc1es of the vowel formants vary con-

., , »

siderably across men, women, and children as well as be-

tween speakers of the same sex and age grou@. No spread,

. v -
a N -

' However, is observed when the same person -repeats the

vowels a number of times (Potter and Steinberc, 1950).
¢ '

' ) In this connectio speaker-dependent-correction would,

Some experiments suggest that a

be ofr»great im rtance

"reference space" takl g lntoraccount the lncomlng

"speaker—dependent" information is built up in the course

of speech perceptidn (Ladefoged'and Broadbenty 1957;

Lieberman, Crelin and Klatt, 1972) Suggestive evidence

for thls reference space comes frem Gerstman (1968) who,

using alsq Peterson and Barney s d&ta, introduced a

-~ speaker normalization based on the yowels /i, a, u/. He found

z
-

° b



397 5% of the‘vowels were recognizable in the resulting 3

15

.

two dlmen51onal conflguratlon and as had been suggested )

before (Potter and Stefinberg, 1950), it turned out that

a third dimension was necessary to account for A;/ﬂ Re- |
sults from more recent expefiments suogest, however, ;
that llsteners can identify a hlgh proportlon of Vowels
spoken dléfeté;tly and in dlfferent contexts and that ‘

speaker-dependent acoustic varlaﬁlon poses no great per-

ceptual problems within @ common dialect group (Verbrugge,

&

St;ange,'Shankweilerdand Edman, 1976) .

¢

Plomp, Pols and Van de Geer‘(l967) presehted another

e

alternative to study the nature of vowel spectra. They

c

carried out a dimensional analy81s on the frequency spec-

tra of 15 Dutch vowels spoken by 10 persons and detlermined'
- b

‘this with 18 bandpass filters. -.The analysis. showed that

four dimensions accounted for 84.1% of the total variance.

. — .

‘They identified.the~finét two dimensions only as the /fre-

‘quencies of the first and second formants.’ Correct iden-

»

tification of vowels reached’ 90% when the shortest dis-
tance between the mean-vow%} positions (averaged‘over~the

. )
10 speakers) and the individual vowel points in the four

dimensional configuration was used as>a criterion. The

percentage of correct identifications dropped to 85%

v

when the spatial configuration was réeduced to three di- . 5

mensions. b

T “ . -
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The .perceptual représentation of vowel sounds may,

-
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- then, to a certain:extent be related to the physical space

i}

.since some of the physical dimensions must affect the way

in which listeners discriminate between speech sounds

Cohen,
|

. Slis and Hart (1967) féund that the three dimensions cor-

¢ (Wilsoﬂ and,éaporta, 1965; but see Shepard, 1972).

- responding toccenter frequencies of Fl F2, and duratlon,

\ apart from specific g\rmant bandw1dths, had to be com-

I

-

bined in an optimal way for maximal recognition of syn-

thetic vowels. Pickett'(1957y investigated perceptual

confusions among 12 vowels masked with noise  and con-
"qluded also that the gime three physical characteristics

were the most important ones. %oh; and Wang (1968) com-

puted similarity matficgs for vowels following -a paired

comparison proéedure[andLpairednphysiologicai features
(high, mid, labial, palatal, nasal) with the rank order

‘of the similarity indices. Some of these physiological
features significantly affected similarity scores. ~ .
. . 5 <

“in‘q study by Pols, van der‘Kgmp and .

!
i

.

Finaiiyi
Plomp (1968), -15 subjects judged 165 triads of Dutch

vowels by indicating which pair-was most similar and

which pair was most dissimildr. They derived a thrge

dimensional spatial rebresentation which correlated .

Lt

. quite well (.992, .971 and .742) with the physical con-

L) . . v

They coffeluded "that subjects used for

,
i

\

o
'

their perceptual jud¥ments 1nformat10n comparable ‘with
that present 1n the phy31ca1 representatlon of these .

’
'
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eiYnals” (p. 466).. Their résult? also support £he idea

(¢hat F1 and F2 are the most‘important:factors.in vowél

perception. Tﬁéy found the third dimension hard to des-
- cribe. s X L.

It appears that the determination of the perceptual

represenﬁation of a particular set of vowel sounds is,

in pait at least, relaLed to the associated physical -~
(phonetic) space. We: tan therefore expect the conflgu-
) ration recovered in the perceptual space to be dependent ’

on the coﬁfiguration exéresséd in the physical space .

. The psychologlcal space must*be—re&a%ed dlrectly to at, ‘ ‘ !
least some subspace of the phy51cal space, since some ’ ]
dlmen51ons of the physical representatlon/correspond to

the stimuli to whiphwthe:subjeCté respond. The différ- ’
en¢é tween the psychological and physical representa- ‘ . 3;

A

;ibn would repreéenﬁ a transformation in the ordering

.

~/éf speech sounds produced by the perceﬁ%uq} frames of a |

./ set of speakers/Iisteners of a given language.
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METHODOLOGICAL APPROACHES TO THE

REPRESENTATION OF SPEECH SOUNDS

There have been a number of methodological approaches

.

to the study of underlying perceptual represéntations of

AR ey
o

. speech sounds and of vowels in partlculargnpth the pur-

pose of defining a psycholog1¢a1 stimulus space derlved
!

from obserVétions concerning the similarity between stim--

;
{
&
*-
5
b
%
:
’%
v
¢
¥
¥

uli. Some of the methods employed in psycho-acoustic €X-

periments are reviewed' and evaluated.

.

One éf the methods uééd.is that based on perceptual
confusion (Miller and Nicely, 1955; Peterson and Barney,
"1952) . Perceptual confusions will seldoﬁ occur witﬁ un-
distorted‘speecﬂ and noise must therefore\be introduced -
in the acoustic signal to prevent a larg%rqﬁber of empty
cells in the resulting confusion matrik. Difficulties
inhérent to this particular method are ¥elated t3 re-
sponse bias and asymmetry in such matricés. In a regular

4 .

matrix, for example, the distance between a stimulus and \[

itself is always zero. This appears somewhat unreason- .

able since, askwilson (1963) pointed out, the random

white noise presehted with the consonant sounds has a

R

maéklng(igfect which could be regarded as creatlng a

random distribution of effects such that the mean dls- -
tance between repeated consonants with differing S/N

would be non-zero. Moreover, ihe confusion data them-
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selves rarely point to the features or properties of speech

T A o
N e L RV

sounds that are important. ' ~ .

N

5
,Short-terﬁ recall {Wickelgren, 1965) is a procedure- ‘

where subjects are asked to repeat a nuhber‘of presehted

: - speech stimuli,/ﬁ6iloyed by a recall of the whole series.

¥ " An intrusion error matrix is compﬁted on the basis of the

©

errors made and gives some information about encoding

*  mechanisms that comprisg%‘among others, memory functions. \

¥ ) A drawback of this method, apart from .the fact that sub-
jects pronouﬁce aloud the stimulus souhds, is that it'is'
nat sultable for stimuli that cannot be easily named and

- ‘ the use of subjects trained in phonetics would therefore

h\
- - be requlred.
, "In the triadit comparison technique, listeners have
) o to select which two of threeistimuli«they4¢hink are most

-

similar, and which pair is least similar, for all pos-

sible subsets of three stimuli in a series (Mohr and Wang,

1968; Pols et aly, 1969). The scores cumulated for all

-

0

triads result in a similarity matrix with a number in
every cell representing the number- of times a particular

. pair has been judged more similar than others. This pro-

) . cedure is.an improvement over the ‘others’ previously men-

RN I IOX T TIR IV + o, P

. tioned and considers the =rank order of-the sxmllarlty

judgments as most important.

e

In another scaling aﬁpreach, subjects are required

to judge the extent to which the two speech stimuli in a




20
pair sound similar or dissimilar relative toé each otﬁég,
by marking a line representing, for example, a nine-point

scale (Peters, 1963) or a continuous scale. Ramsay

K]

(1978) has argued for the use of .a similarity-dissimilar-

! ;7 ity continuum. Firstly; multidimensional scaliﬁg is

' ' based on a relationéhip that is assumed to hold between ¢

the mathematical concept of distance and the psychologil

: -

cal concept of dissimilarity. Secondly, dissimilarity:

has an inverse relationship to the concept of similarity.

. Thirdly, dissimilarity is a property possessed by afpazr

P of objects and not by either one taken by itself. And
;\\ -
lastly, aAsimiIEfity:gissimilarity continuous scale of-
fers the listener the pgggibiiizz\ff;fzpreSS finer sub-
jective gradations. Another convenien \aSQQEE of such a

scale is that subjects consider it to be rather~gfﬁbieii\
. ]

furthermore they are freed from the constraint of.making

judgments in relation to specific'clqsses or categories

. (for a more comprehensive discussion of this problem, cf.

, "Ramsay, 1978, pp. 1 - 11). : l
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Introduction to the Experiment < . .
As can g; seeﬂ, there has apparently beehN no attempt -
EP systematicdally compare the perceptual représentation of
speech sounds in different contexts. Some studies have ‘
. indeed loéked at the perceptual patterns underiying tﬁe
presentation of vowels embedded ih“/h-d/ {(Peterson and’
Barney, 1952), 'in /h-t/ (Pols eg al., 1969), in destressed
\ /b-b/ (Verbrugge, et al,, 1976), and in oghér phonetic
' environments ;nd, as a result, interesting featurés of
the ps&chological representation of vowels have emerged

IS @

. - (e.g., it appears that at least three dimensions are nec-

¥

~

essary to adequately account for the perceptual stimulus

/

' .- T s
space of vowel sounds). It is, however, difficult.to
. ki

compare and generalize from their results since they all

. used different methodological and analytical, approaches.

It would certainly be of great interest to find out

M
/

[

whether the perceptual (psy;hologicél) spaces derived

et

when vowels are presented in is ion share some common

properties with thdse'spaces dgrived when vowels are ‘em-

&
bedded in different phonetic contexts, and what these

g

P L T N
e e R R ATV R “f N rema e,
B h
oy
-

properties or features are.
s .

-

The experiment déscribed in this thesis attempted A

to determine !

1). whether traditional vowel classification stems

could-be used to explain the pq;ceptual (psycholdgicgf).

<
i
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dimensio defining the spaces derived from the subjects'.

ith pairs of syn-

¥
’ i

2) whether the perceptual representations are in-
variant across different phonetic environments or depen-- "

dent upon them;
3) the nature and the exterit of the differences, if
o i
. % ’
any, between the perceptual and physical configurations,

e
'3
&

and - ., " ) : )
4) between individual- differences. ‘

The Material & Stimuli .

The use of' synthetic spegch stimuli would be recom-
mended at first in ordér to present the listeners with an’ ' .
/ - .

invariant sequence of vowel sounds, the parameters of

hd .

which can be controlled, from one context to another. ‘

In this connection, work has recently- been reported
.that has shown the practicality of routine text-to-speech

trznslatior;_ (Elovitz, Johnson, McHugh and Shore, 1976).

W

Th/ investigators developdd a set of Yetter~to-sound . /

! + ’ -
rules, to translate English téxt into the internatiecnal

- s ot o e s i

phoneti[c alphabet (IPA), that will produce correctl pro-

‘ 2
nunciations for about 90% of .the words, or approkimately

1'The criterion. for correctness used by Elovitz and T
her colleagues (1976) as well as the rules for transla-
tion from IPA to Votrax representation are explicitly -

described in their paper.
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97% of the phonemes E,,apr’avgrage sample of English text.

Of special -inferest is their development of a separate
1} ( hY

s e e

( set -of rules to translate from IPA inte a phonetic en- .
3 4 - ! T
coding compatible with a particular commercial-speech

v ~.

synthesizer (Fé‘deral Screw Works Votrax VS-6.0) avail=

L able at the Concordia University's Computer Scie)nce de- ~—

partment. . /2

S * Three seés of speech stimuli were generated using °

the Votrax spéech synthesizer. One cohsisted in isolated

( . vowels, and two consisted of the same set of vowels em-

bédded in /h-d/ and /p-p/ phonetic envirqnmerits. The

isolated speech stimu\lg were 12 vowels and three diph-

thongs: /i, I, e, e,x2, a,Q, 0o, U; u,A,3, ai, au,

9I/ such as®the ones respectively occurring in the fol-

lowing words: beet, bit, gate, get, fat, father, lawn,

lone, full, fobl, about, but, hide, how, toy. The diph-

i thoflgs'were added to make more perceptual alternatives

available to the listeners d to obtain a more compre- 3

hensive representation of vgWels, and to shed some light

- on the perceptual representation of diphthongs.

o~
: J

‘ : “
.

A\
The Dependent Measure
q

A 100mm continuous line was used as a scale ranging

. from very similar (1) to very dissimilar (100). The

listener indicated the extent to which a pair of pre- ’

sented sounds were dissimilar by markﬁg'off the line.* /

- . ——
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'Thq distance between the origin of the line and the mark
made by £he subject was used ai/a dissimilarity estimate.
A large®distance indicated that a pair of speech stimuli
were judged to sound relatively dissimilar to each other
énd share little similarity. A small -distance indicated

that a pair of speech stimuli were judged to sound rela-

tively similar to each other and exhibit little dissim-—

s

ilarity. 4

Technique of Analysis: Multidimensional Scaling .-
In a multidimensional analysis, the dimensionality
of the space in which the recovered points are constrained

to' lie must be specified in advance. This dimensionality

' may vary from one set of data tQ another. A convenient

v . [\
feature of the MULTISCALE program and of maximum likeli-

hood estimqéion is that they allow the investigator to

~ choose the dihensionality that best represents the data

on the basis of statistical hypotheses tests. Another -

advantage of ‘this multidimensional scaling package refers
n .

\

‘to the specification of a more complex type of provision

for individual variation where .it is assumed that sub-

j'ects dhare a common perspective on‘% stimuius 6bjects, o
ér "group" percepfual structure, but that they vary with
respect to the proportiohs in which they'combine the di-
mensions of this spatial representation. The distance

between points in model M3 that provides for interindi- ;

-

R N

Ry
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4 _ . .
vidual variation is defined by the modified Euclidean dis-

S tance formula
‘ - #
¥*

k YZ
dijl’ =~ Aljf = Vr %1 Wrm(x\m - Jm>

v

where dljr =" particular dissimilarity measure, and
N .

dijr = co:jésponding approximating distance.

¢

The dimensionality of the spatial confiqggation is

L]

,
B

5

indicated by k and a particular dimension is referred to

RN
Y

i

as m. The location of a.particular point im this space

%,
¥
%
‘ o . . th . th .. ’
! . 1s X, = the coordinate of the i point on the m di- .
%
!

‘mension. 4P

—~

T . - . “ .
. The multiplier Ver With rel,..., N, is a regression

* coefficient and; allows the possibility that the data from
any two replications or subjects may differ from each

other by a scale factor. /

é

The coefficient W, +S a dimension weight. Each di-
th ‘

[}
- L

mension for the r  subject is multiplied by this coeffi-

cient which defines the "strength" or the relative sa-
th

St

lience of the m~ dimension in contributing to the dis-

\«/ .
|

tance -which approximates this subject's data.
. -

i The exponént p' indicates the degree to which a sub-

[y

. ject uses the upper extremes of the response scale. When

o

E ' p./'is very low (e.g., P 0.3) 1g/may lndlcate a subject

r
wZose sesponses are inconsistent with those used by the

; . other subjects or with the MDS model being used Ramgay (1978).

v .
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Contextual Effects .

In order to prevent the occurrence of contextual ef- .~ . -

&

fects, the 15 stimuli used during an experimental session v

were'presented all together, in a string, once at the

ﬁ\

AL >

beginning of the session and a second time in the m%ddle.'
1

In a scaling experiment dealing with vowels, stop

S

+

i e
SR

@ .

o)

7 o
consonants and tones, Vinegrad (1970) required his sub- _ |

A}

jects to listen to two sequences of stimuli and then to

p

s
T

-

\ \ make a judgment. In the case of vowels (they formed a

Y

3 smooth series of 13 vowel sounds running through the

e L (o
’ e

J Amer;can Engliéh vowels /i/, /1/, and /g¢/) the first se- ' : .

<

quence invariabiy contained .the same seven stimuli, viz.,

e oo TS
~

1-3-5-7-9-11-13, and the second sequence alwayé contained
three stimuli, viz., 1-X-13, where X rxepresents any of.

! -1
{ . the 13 vowel sounds. After an aural presentation, the

subject was’ to indicate how similar or close X seemed

to 1 or to 13 by marking a point on a seveé\inch'line. ‘ -

This procedure was used to remove or reduce any contex-—
- tual effects that Vinegrad observed in preliminary ex-

perimenté. In practice, subjects tended to make judg-

ments in relation to each'other with the consequence : 1

[ v

« that one estimate was partly influenced by the preceding

v

ooone. . ., N

In the present study, the introduction of the string

of lS'stimul@ was intended to provide subjects with a

. N B

reference space and to avoid the contextual effects ob-

,
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served by Vinegrad. Due to the differences in the nature

and in the task between the present experiment and’ .
. - - =
A1
Vinegrad's, the string of stimuli was only presented
. . - . . T S
twice in &ach session instead of before every experi- ‘
mental trigl as in Vinegrad's. - . ¢
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The subjects were 12 native speAake'rs of English,
six males and six females,‘ with no reported heaz:ing
’ deficit. They were aged 23-31_ years with a median age
of'26‘. 'Wioth the exception of one male subject, all.
. were students enrolled in the Psychology graduate.pro- '
gra.in at Concordia: ﬁnivérsity. Only one subject had B
poi'eviously participated in an experiment using syn-

. thetic speech.- Subjects were paid $5.0‘0" to partici-

pate in the study. ' 3

- ’ . )
¢ L]
4

. Material’ and Apparatus : . "

i
'

The stJ.mull used 1n this study cons:.sted of three sets

. of speech sounds: vowels presented in-isolation, lvowgls g
| embedded in /h-d/, and vowels embedded in /p—p/.

Isolated vo;rels. the stlmuli were 12 Engl:x.sh vowels )
and t‘hree d:.phthongs drawn from the IPA. They were’ gener-ﬁiu‘
ated on a Votrax vs- 6 0 voice generator, produced by Fed- i
eral Screw Works. The voice 'generator sy_nthes:.zed human
speéch with unlimited vocdabulary and was si~miia'r. to that
used by Elovitz and her colleagues (1976) - A computer pro-
gram was designed (using the Editor program OT}CED available
at e\oncordla University' s computer center) to translate

E ov:.tz et al.'s representation of IPA vowels to Votrax rep-

-

: ' . /
. /
28 [

: _ . !

.- . * Method, S

» + !
- ‘ ;

'Sub'jects, . - o

.
)

o
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S Y _ resentation using'their rules, £or translation (pp. 453-458). .
B

S . ’ The 15 IPA stlmukl as well a®& their Votrax and "Elov1tz"

. .
Latin letter representatlons are llsted in Table 1. The '

&

e,

1solated vowel sounds produced varied in duratlon and

(4
o

were rec¢orded on a Sony TC 2520 tape deck with input con-

-

R A W g

o

N A A Y7 S

»

trol only. Speech-rate, pitch and audio leve%s on the

“

2

. ' Votrax unit were adquted'manqally and remained set at °

the same levels throughout the recording session. The

P levels were set at 2 for épeech rgte, 3 for pitch, and, K ~ ‘

,
. v

ot Mer sy
]

%.5 for audio levels. e

. . Vowels in /h-d/ (HVD) and in /p-p/ (PVP) contexts:

aomputer generated /h-d/-and /p-p/ phoneti¢ environments'

. were produced following Elovitz, et al.'s rules of trans-
e lation. The 15 isoglated IPA vowels were embedded in - . -
H . | ’ , ‘_ . .
1@; C these tw0'phonetic &ontexts by means of another computer. i

'

program (using the same Editor program) . " The etimuli

i o

i - thus produced were recorded in the same fashlon and with

3 ) v o

the same equlpment as the "vowels in 1solatlon A Sony

of T TC«270 was used to present all stimul j

FE " Design o N . +
“ L " The squects participated in all three conditions‘

» vowels presented in isolation (VPI), vowels embedded in®

> /p- P/ (PVP). and vowels embe dded ln /h-d/ (BVD) . With
! b (
six possible orders of presentation :

.

' e v T
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Latin Letter Representation of IPA

Stimuli Used in the Study -

Table 1 -

ELOVITZ et.al.

¥

7

IY

»

IH
EY - .

VOTRAX

’




-

VPI - HVD - PVP, "HVD - VPI =~ PVP
. . PVP - HVD =-.VPI, ©VPI - PVP - HVD
HVD - PVP - VPI, PVP - VPI - HVD

' twq subjects, one male and one female, were tested under 4

each order. In all, each subject contributed to 225 ob-:

segvations per condition. . \

a

Procedure

k]
3

3

" *Subjects were individually tested over three sessions,
of the experiﬁent each held on dif;erent days and lasting

approximately one half-hour. The subject was seated in a

~ — .. partially. sound_attenuatedmroqm.~Jm£ stimuli we;e pre-.

sented through. a Sony~loudspeaker ‘located 80cm. in front
of the subject. The participants were first Eold‘that
the taped sounds they'weré about to hear had been pro-

duced by a speech synthesizer controlled by a digital cam-.
“ *
puter. They then received the following instructions

(adapted from Ainsworth and Millar, 1973; and from Chris-

tian, 1976)

4

I am noy going ‘to present you with a series of
speech stimuli- taken two at a time. For each

of thesé pairs your"task is to decide how sim-
1lar or how different these two stimuli are.
Indlcate your decision  using the scale 1n front
of: yqu by marking off the line bounded on the .
left by the phrase "very similar" and on the
right by "very dissimilar'. For instance, if -




v

you decided that those two stimuli were very 4
ﬁuch alike you would mark off the line near
the very similar end. If, on the other hand,
you felt the two stimuli had nothing in- com- . .
mon then you would ﬁar& off the line near the
very dissimilar extremity. The scale is pro-
vided to allow you to indicate the degree of . N
similarify you feel exists between twg,stim-
uli, so please try to use the full range of
thé scale in making your judgments. Do not . C
hesitate @oré}than a few seconds before, mak- ' ' -
ing a decision. It is your immediate re- .
sponse which, for whatever -reason, reflects. :
( the degree of similarity between each pair

" of sdunds that we wish to record. Each paij

of speech sounds will be preceded by the .

sound /J/ which will act as. a,warning that
the stimuli are about to be péeéented. Please
give your full attention on all trials and
remgmber,)there are no right or wrong answers.
The experimenter then introduced the sequence of
taped events in the following order: Tl -
All 15 stimuli used in a condition were first presented - -
in a string with an interstimulus interval (ISI) of 730msec.,
mhere‘was then a 12 sec pause followed by six practice

-~

trials. Subsequently, 'a pause ensued in which all points

of confusion; if any, were clarified followed'by the ex-

perimental trials. 'The practice and experimental trials

o8

began with the sound /f/ warning the subjecﬁ 500msec in

advance’that the stimulus pair was about to be presented.

o o

~
n
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The sound stimuli were presentéd with an interval of 700

/

msec between each sound. An ISI of 4 sec separated the, .

-,

. * 3 ,
pair-of sounds from the-next occurrence of /f/. .

v

Theﬂéubjects were required to indicate on a 100mm.

Aliﬁe?(ranging from very similar (1) to very &issimilar
(100)) the é@gree go'which they felt each two sound stim-
qii to be similar.or:digsimilar.e They were provided with

. sheets with' fifteen 100mm 1lines horizohtally spaced out.

There were no labels or marks to guide the subjects in

their judgments. They were told to use one line per judg-

ment and to turn over to new'shéets as necessary. Apart
from the presentation of the 15 stimuli, both at. the
beginning and in the middle of each session, no descrip-
tion of the stimuli was given and the subjects were left
to éorm their own frame;of reference. A three minute
pause, halfway through ghe testing session separated thg -

randomized presentation of the stimuli in the upper half

' matrix (above the diagonal) from those in the lower half

\xjpelow the diagdnal). Béfore the seséﬁon was'resumea,

however, Eﬁéw§ffing-pf‘15,st;muli was presented again in
the same order as at the beginning of the session. The
order of presentation of the speech stimuli remained the

"same for all subjects and from one condition:to the next.

-~ \
¥

\

Method of Analysis -

Iy . / I
The 225 -dissimilarity judgmenté of pairs of sounds
v. .

»

A
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wera analyzed for all subjects fbr each condition by mul =
tidimensional scéling techniques using model M3 of the .
MULTISCALE program (Ramsay, 1978)1

To test whether the fit in k dimensions is signifi-
cantly better than in k-1 dimensions, Ramsay (1977, 1978)
suggests to use the quafity

2 (log Iy ~ log'Ly_; ) | )

which has an approximate chi-square distribution with

N + n - 2 degrees of freedom for model M3; where N = num-

_ber of subjects, n = number of stimulus objects, and log

Ly is the log likelihood obtained by fitting k dimensions.

Ramsay'(l977)‘has shown fhat a solution containing too
many dimensions occurred in 7 out of 28 cases when the
guantity in (1) was used as a chi square variate. Simply

doubliné the chi square criterion led{to the retention of
I
too many dimensions in only:one case out of 28 (Ramsay,

4

197%; Christian, 1976).

-
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, . " Results and Discussion

- Iy .
. L9

-~

The data were analyzed in.an effort to determine

'

whether the dimensions underlying the group's pe;ceptual

representation remain the same across the three phonetic P

E—

contexts and can be accounted in terms of a traditional

) " , . B
classification'74stem of vowels. Differences, if any, ) p

SR g

between the physical and psychological representations ’
are evaluated next. Finally, the problem of individual - §

differences in'the representatién of the underlying struc-

__thre of these Speech stimulj is examined.

s

Psychologlcal Representation of Vowel Sounds

Each subject contributed 225 observatmons per con-

".dition. The data for all subjects were input Yat once,

s
H
b
#

//9,cond1t10n at a time, as an unbroken set of numbers

A

"{vector input). The dlagonal entries in the.d1551m11ar-

—— b

ity matrix were not input as part of the vector, thus only
210 obssrvations per subject were analyzed. Preliminary

i inspection of. the . raw ﬁg:;TTdissimilarity estimates) re-

‘'vealed that all subjects assigned to all 15 pairs of

identical stimuli dfssimilarity ratings of zero or near
zero values. AlI subjects in. the studf produced accept-
able data as can be seen in Table 2: within-subject
statistics: provide no unacceﬁtably high standard error

estimates ( 1.3) or .unacceptably low exponents ( .3)

.
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Table 2

1 \\\r
* -Within Subjects Statistics

for Pinal Configuration

’

¥

éubj. Q Exponents Unbiased Standard Error
Vowels in p-p h-d Vowels in p-p h-d
Isolation Context Context Isolption Context Context
1
1 .96 1.11- .68 .74 .84 .69
2 .85 1.07 .97 .72 .93 .95 .
3 1.00 .50 1.40 1.06 .90 1.06
4 = 1.10 .74 1.29 .99 1.06 .96 :
5 1.42 1.17 .84 .97 1.00 .97
6 .71 .70 .48 .76 .84 - .97
.85 1.17> .67 .78 .83, , .64
8 1.08 1.40 1.32 .80 .89 1.01 .
9 . 2,07 0 1.43 2.12 .98 .94 1.00
10 1.56 1.47 1.68 .93 ,1.01 .94
11 © 1.80 .93 1.86 1.08 1.02 .92
12 . 1.52 1.34 2.19 .86 .82 1,05, .
e a' (
! - ’ 4
) ¢ P ] _. . ?‘
! k'
’ ;
f ‘ ";:
: ]
° | :
| | £
; ‘ g
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that would suggest subjects produced ratings which were

at either end of the scale or exactl
(Ramséy,~1978).
group of subﬁects yvielded conflgurations of thé vowels in
a Euclidian space that reflectad the underlying structure
for the intervowel distances of similarity.” this struc-
ture is interpreted as reflecting the properties and in--
vgriances of the vowels that permit their identification..
The spTce can be viewed as an‘approximationuto ag audi;
tory-perceptual structure and as providing information
about the properties of this structuée. The assumption

is made that distances of judged similarity relate mean-
ingfully to psychological .distances of similarity. Tables
.3, 4, and 5 show the dissimilarity matrices derived from

the subjects' dissimilarity estimates.

au{wgamcf- R .

Table 6 shows the significant dlmen51onalgfy retalned

for the final conflguratlons. The stopping-rule of di-
mensxonallty adopted to establlsh the number of dimensions
underlying the group's psychologlcal auditory space was
“twice the critical chi square value x2 = 37.65, with d.f.
= 25 and p = .05 (Christian, 1976; Ramsay, 1977). Apply-
ing this stopping rule, four dimensiohs provide a sig-
nificaﬁtly better fit of the data than three fof vowels
"presented in isolation (VPI) ( log L - log Ly—q = 77.8)>
2x? = 75.3, p <.05 ) .and in PVP ( log L, - log L _; =

¢ . i

A,

e e 4 et oo
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: A \
\
Summary Results of Final Configuration -K\
‘ -

\
3 dimensions 4 dimensions 5 dlmen31ons
%

L}

Vowels in Isolation

Unbiased standard error .51 .500 -
log Likelihood . 475.367 553.164 -

¢ .
Number of iterations 281 - 406

Vowels in /p-p/ Context .

-

Unbiased standard érror .504 ) .489 .467
log Likelihood ' 508.062 595.943 | 657.41
Number of iterations 349 209 h 300

!

L . . . * Lo -
4 dimensions 5 dlmen51onsl 6 dimensions

Vowels in /h-d/ Context

Unbiased standard error ©.483 %.469 ) .453
log Likelihood o 625.493 \ - 714.010 731.679

Number of iterations. 413( 674 123

lrinal “imensionality retained.

o
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P

87.9 7 2X2 = 83.1, E(.Oé .). Five dimensions were found

in HVD ( log L, - log L,_; = 88.5)>2X° ='83.1, p<.02). - .

/ *  The results thus indicate that the dimensionality reached L
' for the. final ceﬁfigurations depends upon the context in
[ ' which the speech sounds are presented. ' S

A ' !

Physical Représentation of Vowel Sounds

In order to determine the physical space of the speech,'

-

i stlmull, spectrograms of the vowel sounds were made using
a spectrum analyzer (Vibralyzer 7030A, from Kay Electron-
'ics). Thé flrst three. lower formant cenﬁer frequencxes {

1 . t

(F1, F2, F3) were recorded “and are presented in Table 7.

b

ST ./‘In terms of a geometrical model, we can’eay that' analysis
‘of the sound speétrograms of the 15 speech stimuli yields

a set of 15 points in a three dlmensional space. Repre-

L

sentatlons of the points in the Fl by F2 and(F2 by F3

i \
.« At - ——

planes of the physical space are given in Flg e 5. The

Pearson product moment,correlatlons betweenw ese vari-

- °

ety

. ables (the formant frequencies) were determined in order - -. -

ot to provide a niore general descriptibn of the stimuli and < e

to get an idea about the _‘in.teraepenéency .of these vaii-_ h -

ables. The cprreiation coefficients obteined}are -.32

- 3 R -

for F1 and F2, -.02 for Fl and F3, and .80 for ¥2 and F3.

From these coefficients it may be co@gluded fhaé, for”

this group of speech sounds, Fl is independeqy of, or X =N

'Jbrfhoggﬁalnto the other two formants while F2 and F3 ap-v \
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Pigure \5.° Physicdl representation'ofovoWel sounds in
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_ appeared to be ordered aléng the F2 and F1 continui. The

three diphthong~sign$ls) on the axes corresponding to

" from the subjects' similarity estimates were .69 for F2

L4 )

Ca . .
. - 4 N < 3
N

. . , ‘ 45

Y 5
et me s K

pear to be dependent (é;(LOl).“ Fig. 4 shows that there , .

is a monotonic relétionshié between F2 and F3: F3 in- - ' o

3

creasés with F2 and is determined by the éhape of the

vocal tract (Lindblom, 1972). ‘ _ v

' ® »

Psychological and Physical Representations:Compared

The .evaluation of the correspondence between the

physical an& psychologicil representations of the speech Y
stimuli %s app;éached nexé. The proglem here is to de- .
termine which, and to what extent, physical aspects of ‘

‘the stin/luli corfespond to their perceptual represen:tatior;.

Intimately fused with this problem is the :question of in-
variance of dimensions across contexts. '
Preliminary inspect;on of the multidimensional scai—
ing plots of the stimuli used in the study revealed that
the points in the spéce defined 5y Dimensibﬁs I afll 11

AN E

projections of the twelve VOWQ;:points (excluding the

Dimensions I and II in each of the three phonétic con-

texts were thus correlatga with formant frequencies of

4 \
\

F2 and Fl respectively. The Pearson produét moment cor-

relation coefficients between the physical valueskof the

stimuli (F1 and F2 frequencies) and the values .derived

a

with Dimension I and .77 for Fl with Dimension II in
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PVI, .95 and .92 in PVP, and .97 and .79 in HVD. Figures ‘

6, 7, and. 8 represént the 'map’picng of the spéech stimulai

in the perceptual space defined by Dimensions I and II;

All these correlation coefficients are significant a? the - |
.01 level and suggest a ééfong correséondence between the
dimensions. Furthermore, in

each context, these two dimensions account for -the greater

physical and psyc&g}gg}CQ&M
; part of fﬁe variance. Table 8 indicates the perééntage
of variance accounted for by each dimension within each
context.
Diphthongs are quite different .from vowel sounds in’
that they represent the unisyllabic utilization of two

B3 ¢
otherwise different vowels in the language. Therefore ’

separate analyses were conducted with and without diph-

T
o TR et sl Tt

thongs to assess their contribution in the perceptual
Vad

&epresentation of.speech sounds. In addition to the vari-

3
‘ e

ance aalcﬁlated when all 15 stimuli are taken into ac-

T eigepe ., -

count, Table 8 alsoc /hows the variance accounted for by

€4

each dimension when only the twelve vowel signals are

considered. /
. v

t

When all fiftitn speech signals are considered, Di-

v

mensions I and II together account for 69.63% of the

T ey R el e e i v

/- ' variance in VPI, 73% in PVP, and 68% in HVD. Of the

. variance produced by the twelve vowel sounds, these two . E

P

- dimensions now account for 77.6% in VPI, 84.28% in .PVP,

and 75.36% in HVD. Although, the increases in percentage
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Figu:e 6. Plot of Dimen51on II (vertical axis) agalnst
# Dimension I for the configuration of 1solated

vowel sounds. ’
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Plot of Dimension II (vertical axis) against
Dimension I for the configuration of vowel
sounds embedded in /p-py.
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Plot of Dimension II (vertical axis) against
Dimension I for the configuration of vowel
sounds embedded in /hfd/.
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51°
of 'variance accounted for are not la:ge, they do reflect
on the particulé} characteristics of diphthongs. The

classification system of vowels, in teims of the articu-

S w

latory features of tongue aﬁvancement (F2), tongue height
(F1) and other features such as tenseness, canﬁbt be di-
rectly applied to diphthongs because of the complexities
involved in their production. When;approached from the
unitary poiné of view, i.e., from the view that diph-
thongs are independent phonemic uqits rather than a com-
bination of two different units (vowefs), tﬁZY ¥gquire a
more complex phonetic classification because éhe;initial

vowg% is different from the final one. Table 9 shows thg‘

tongue movements necessary for the realization of™the

three diphthongs used in the study and Figure 9 depicts

the direction of these ‘movements. The direction of the
change in tongue movement is somewhat -predictable. For
example, in terms of tongue height, althod@h the diph-
thongs start at either the mid or iow‘tongue positions,
they‘all terminate in the high.tonéue position. Subjects
might be taking this particular characteristic of diph-
thongs into account when making their similafity.ﬁudg-‘
It'séems, then, that in diphthongs the direction of
the movemgnt 9f the tongue in terms of its height and
advancement is determined by rules and that an aﬁprecié-

ble amount of tongue body movement is involved within

t
*
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T #mble 9 ' . .
Torigue Movements Necessary for the Prodpction
. of the Three Diphthongs Used in the Study . '
DiE/ﬁthong ’ ' Tongue Movement : 2
' - ) . i
. % ) '
. /ai/ ] (aj from front to front :
I ¢ from low to high v ‘ ’,
o ' h . 3 \\ ' <
/au/. (a) from front to back |
- - .(b) from low to high
Y/ 1/ j ‘(a) froh mid to high |
(b) from back to front
1 &
. . . . O |
. C 'I
. . ¥
. ) o . 4
3 : ) :;‘;
) i - . 1{3
| “
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Figure 9. Tongue movements necessary for the o
production of diphthongs. : -
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the perimeter of one syllable (as indicated by the chang-
ing formant frequencies on a épectrogram). For‘these

reasons listenefs can be expected to classify diphthongs
in a clasé of their own. Indeed Dimension III.appgars .

to discriminate between the perception of diphthongs and

that of the corpus of vowel sounds. Table 9 indicates

. ) N
the percentage of variance accounted for by Dimension III

when all 15 speech signals are copsidéred and when {;;:
three dibhthonés are ekclﬁded. The percentages are, res-
pectively, 20.03 and 8.74% in VPI, 20,77 and 6.99% in PVP,
and 16.99 and 4.01% in HVD. In other words, Dimension III
accounts foq a larger percentage of the wvariance when
diphthongs ;re included in the set of stimuli. Figs. 10,
11, and 12 represent the corifigurations of sgeech signals
aléng Dimensions.I and III. . : .

What can one say about éhe placement of diphthongs
along Dimensions I, IIﬂand III in all 'three phonetic con-
texts? In the case of ﬁimension I (c¢f., Figs. 6, 7 éhd
8), diphthongs sharq the same perceptual space as the

back vowels. In fact, the initial vowels of the three

diphthongs /ai, aU, J1 / are also back vowels.k Thiérsug4

gests that, at least on Dimension I, the information

rd

carried by the initial vowels is reSpénsible for their
being assigned to that particular end of that dimenq‘onu
Subjects, then, perceive diphthongs as back vowels.

In Dimension II, in all three contexts, /J1/ is

boX

!
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Plot of Dimension III (vertical axis) against
Dimension I for the .confiduration of vowel
sounds presented in iscolation. :
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Figure 1ll.
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'Plot of Dimension III (vertical axis) ‘a

~

gainst

. Dimerrdion I for the configuration of vowel °

u .
‘
; sounds embedded in /p-p/.
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Plot of Dimension III (vertical axis) against
Dimension I for the configuration of’ vowel .

S

Figure .12.
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located.in the "high" area of tne vowel space, while both

R ‘/ai, al/ are located in the "low” area of that space.
'The initial Fl frequencies of the diphthongs appear to

be responsible for this distribution. Both /ai, au/

TR RSy

. have the same Fl ifiitial frequency (i.e., 600 Hz) and

are located at about the same height along Dimension II.

|
T Cnghe s
RS
.
4
-

, With a lower Fl-initial frequency (i.e., 400 Hz) /J1/

s
L

is placed with the high vowels in the_perceptdal space.

e information carried by the initiaml F1 frequencies of

. - "the diphthongs determines their location in the percep-

TR

tual representatlon of the vowel space along D1mensxon II.

o . - . Vowels and diphthongs occnpy dlfferent areas of the ] - .J

¢

psycholog1ca1 space and are clustered on separate ends of _ . ]
Dlmen51on III. There is a pattern’ in the’ordering of
I . diphthongs along that,dimension. The diphthong /au/ is

- closest to the body of.gowels,.followed.then by /J51/ and

; ' /ai/. Examining the physical characteristics of the

. three diphthong signals we éan see from Table 4 that /au/

is the dlphthong exhibiting the least amount - of change in

lts fogmant frequenc1es, when they shift from the init1a1$ ' )

- vowel to the term1na1 one. The shifti are respectlvely )

from 600 to 400 Hz for F1 and from 1200 to 900 Hz for F2.

AIn ‘other words, /au/ is, of the three diphthongs used in

5 : ) the study, the most steady-state llke s1gnal. /aI/ is

next with shifts from 450 to 300 ﬁz for F1 and from 1000

l .
! 4o 2000 Hz for F2. The diphthong /ai/ is always farthest
§ ) ) h
5 .
|

e
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a

. removed from the body of vowels and indeed exhibits large

4]

shifts in both F1 and F2. On tha basis of these obser=-
vations, it can be concluded that Dimension III corres-
ponds te discrimination betweeﬂ monophthongs and dipﬁ-’
thongs; , o "

Dimension I, corresponding to F2, or to tongue ad-

vancement in terms of articulatory characteristics, ac-

~counts in all three contexts for the larger pert of the

variance when compared to other dimensions. The reaspn

F2 is important is probably due to the fact that it

a L
.varies more than the other formants. Rfequency values

of F2 in the présent study renged from 800 to 2100 Hz"
wath only two vowels A, u/ havxng\the same F2 frequency.
Frequency values of Fl, on the other hand ranged from
240 to 700 Hz with several vowels havirig the same F1
frequency or centiguous Fl1 frequencies. These resﬁlts
are in accord with those of other investigators who
found the first two lower formant frequencies, Fl1 and
F2, £o be the most important factors in vawel‘recogni—
tion (Cohén, et.'al., 1967; Peter;on and Barney, 1952;
Shepard,;f972). The relationship beeween e physically
measured properties (F1 and F2) of these speech sounds

- %

and the psychological structure that wae‘de ived inde-

‘pendently of those physical measﬁrements pro fdes‘?d-

. ditional support for the psychophysical notion that 1t

is the frequenc;es of the first two formants. that.are
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critical for the perception of vowél sounds. Furthermore,
subjects appear to require‘the use of a third dimension

_to alﬁost exclusivély discriminate between diphthongs and
vowels. THis is a finding of interest for there has been
no report yet on the perceptual representation of diph-

thongs. As was previously mentioned the results of this ‘ :; i
K study suggest that diphthongs a;efclearly differentiated :

. from® the rest of the vowel sounds and constitute, for

this group of subjects, a separate class of speech sounds. ‘

On thegbasis of these results, it can be concluded

[
S

that subjects took into account information carried in .¢
thé physical representation of the signals about Fl, F2
and the steady (vs. shifting) natﬁre of these‘formants.

>

" Examination of Dimensions IV and V

The same first three dimensions appear to be used'in
the percepﬁual representation of vowel sounds indepeﬁdent- : )

ly of phonetic environment.

7

Not all dimensions, however, are invariant across
different phonetiq contexts. ' The fqurth dimens;pn ac-
counting for 10.33% of the variance in VPI could not be

defined. In both PVP and HVD, however, the fourth di- .

mension seemed to be accounted for by the protensity
features tense and lax. Figures 13 and 14 show the con-
figurations in the I-IV plane of. the psychological‘audi-

tory space.l These ffétures are acbhstically&defined as

1




13. ‘Plot of Dimension IV (vertical axis) againgt
Dimension I for the configuration of vowel
Q- sounds embedded in /p-p/.¢ .
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longer (vs. reduced) duration of the steady state posi-
tion of the 'sound. Tense vowels are produced with added
muscle tension while the lax vowels are produced without
such tension (Jakobson and Halle, 1968). 1In the Epglish
vowel system, some vowels are tense, others are lax, and
still others are neutral for the feature-tensenébg. In
this sﬁudy, the phopoiogically tense vowels are /i, &,

u, o/ and the lax voweis are /I, e,.ﬁ, /. The vowels
/ae, D, a/ are neutral for the feature tenseness. In

the perceptual conflguratlons in Figs. 13 and 14, however,
/o, u/ appear as lax or as neutral for ghe feapure tense- -
ness. This may‘be due to their short duration; in fact,
these two stimuli are the shortest of all speech sounds
used in the study.A This leaves' 3 e/ as the only tense
vowels; at the lax end of the continfium /1, £, U,, / can.
be found; /ae,d, a/ are neutral. The status of the

“ . .
diphthongs is less clear although both /I, aU/ are con-

‘'sidered to be lax and /ai//is considered to be tense

(Singh and Singh, 1976). In this respect, both /I, au/
are properly represented in the‘psychological space,‘bﬁt-
/ai/ lies at the lax/neutral end of the tehsé-léx.coqﬁin—‘,
uum, ‘suggesting that diphthongs'are, in ;hesé‘CQntex;Q
all lumped together. p

The feature tenséness is directly related to the
duration of vowel sounds. Except for the vowels at the

base of the vowel quadrilateral/ae, a,J,/, all long

- -




tenéeﬁess feature. The fourth dimension in VPI and the

]
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vowels are tense vowels. Duration has been reported . ip @ -
%

some studies as being, along with F1 and F2, one of the '

md%t important factors in vowel recognition (Cohen, et.
ai., 1967; Pickett, 1957). These studies, howeyer, did
not include diphthoﬁgs among the set of speech presented
to their subjects.

In the HVD contéx;v the fifth and last dimension

.

could not be defined. Its psychological contribgtion is - '

probably not too important since it accounts for less °
than 4% of the variance.

The first three dimensions corresponding to ¥2, Fl,

. [ ]
and discrimination between diphthongs and vowels appear

to be invariant across tle three phonetic contexts con-

sidered; The fourth dimension was found to be the same . -~

in both PVP and HVD and seemed' to correspond to the

fifth dimension in HVD were hard to- describe and may

simply reflect individual differences. | IR A

Individual Differences in the Psychological
Representation of Vowel Sounds

y -

.

An important feature of the multidimensional scaling °

progfam used is that it allows for subject variation in ‘ )

the representation of data. Although the dimensions re- ) K
covered in the psychological space-underlie the group's

perception of the speech stimuli, the pooling of the

[




< <

-nal weight estimates for each subject on each dimension

final weight estimates the .first four dimensions contain

65

group'é data may mask intereéting individual differences.
- This piogram takes into account individual differences in
.the perception of stimuli;"_it;assnmes that the subjects
share a common perépective on tﬁe, gpeech stimuli but that
they nonethefess vary with respect to th&ir relative use

of the dimensions underlying the group's perceptual re-

presentation. A élance at Table 10, which lists the fi-

within each context, is sufficient to reveal the extent
of individual variation in the perpeptionlof vowel sounds
presented in different phonétic environments. ‘Subjects
appear to use each dimension differently from other sub-
jects, ana to a differeht extent fr;m one condition to
thé next.

Although there is wide variation between individuals'

few relatively4sm§11 wéight esﬁiﬁates_suggesting that
most o£ tﬁe subjects used,albeit to a different extent,
these first foﬁr dimensions. The fifth d%mension in HD
was literally ignored by five subjects; the rest showed
wide variation in their use of that dimension.

Based on the preceding observations, it can be con-

\ L
cluded that the first three dimensions underlying the \

pSyqpological representation. of vowel sounds, corres-
,ponding respectively to F2, Fl1, and to steady-state vs.

shifting state sounds,'afe the‘saﬁe across the three

.....
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phonetic contexts considered, i.e.,"vowels presented in

.iéolation, vowels embedded in /b—p/ and vowels embedded
in /h-d/. These three dimensions account for:'89.67% of
the total variance in thé first context; 93.67% in the

second; and 83§Kin\the thizd. ~Furthermore, Difension v,

N —

corresponding to the feature tenseness accounted in both

PVP and HVD for a small percentage of the variance. Di-~

mension IV in VPI and Dimension V in HVD could not be

defined. The percentage of the variance that can be

EY

"explafned" in each context.is now 89.67% in‘VPI, 100%

in PVP,'End 96.04% in HVD. Furthermore, individual dif-
ferences betYeen'suquct; suggest that although they

share a COmgén perceptual space (as reflected by the use
of the game dimensions) they nonetheless vary in.the ex-

-0

tent to which they use these dimensions.

* o .

[N ’
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General Discussion

The first three dimensions defining the \perceptual
‘representation of the speech stimuli used in the study

were found to be stable across three different phonetic

contexts and to account for most of the variance. The
first two dimensions, corresponding fo F2 ahd Fl, repre-
‘ent two of the ﬁost basic vqwel parameters, tongue’ad-
'v\ancement and height, and form the foundation of a two
dimensional‘vowel space that is used to describe nearly
all languages. Thls basic two dimensional yowel space
has been descrlbed in terms of the highest 901nt of the

tongue. Compared to other features required for.the

~

description of vowels, t&ese two are the ohly ones thae

requlre spec1f1catlons in terms of a greater number of /

values than a simple binary contrast (Lindau, 1978).

} Vowels in English are described as high, mid or low in
éerms of'yowel height and as front, ceéntral or back in / -
terms of tengue adyancement. The maximum number of /

\contfasts is three for these two particular features in

English. As can be/ seen from Figures 6, 7, and 8, the

points representing the speech stimuli appear to be ful-
R - , . ";

ly contrasted along Dimension II (Fl) except for a

-

flattening of the area occupied by the back vowels in

pVP, where they are also fully contrasted along Dimen-

-

. . _sion I (F2), i.e., they are grouped in_ clusters repre-
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senting front, central and back vowels. This is not the

// case in ﬁVD where front vowels lie at one end of the'di-
mension and the rest of the épeech stimu;i at the other
end. The contrasts alosg the first dimeﬂsion are not as
sharply éefined iq VPI as in the other qpntex%i; It may
be that in the course of normal communicatioﬁ wé, as

speakers and listeners, are seldom exposed to isolated

vowel sounds. The CVC syllables, it may be argued, con-

" stitute richer and more complex stimuli than isolaéed
voﬁels, thus leading to a\clearer percéﬂfaoh of their
characteristicé. It is evident from reports by other
investigators ;nd from the present results that these ,
two features, tongue advancement and height (corrélatgd |
with F2 and F1), have a special status in the perception

. of vowel“soﬁnds. -

As was previously mentioned, Pols, van der Kamp and
Plomp (1969) concluded, from the multidimensional scal-
. ing analyses of t;iadic compafisoﬁé of the constant vowel

part ofnnprmally spoken Dutch words .of the type hVt, that .

the most important factors K in vowel perception are the

first and second forrqaxft frequencies.

Another team of investigators (Cohed et. al., 1967)

| had synthetic isolated Dutch vowel sounds idéntified by

subjects who were able to score 87.3% correct. responses.

3

Over three quarters of the errors observed were clearly

.

systematic: either front vowels were judéed'on the




&
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‘ v .o )
basis of information provided py F1l, thus /e/, for exam-

B pPle was identified as /o/ and /&/ as /pfi or 1ong vowels

were judged as tﬂeir short counterperts or vige veisak
thus /e/ was identified as /I/ or /a/ as /a/. 'CoﬁenQAnd'
his colleagoes also conélﬁdeduthet Fl end F2 represented-’
two of t;e combonents necessary in}th? identification of@j

0 ~
A . 3

vowel sounds.’ T ) i »

EY
. .

Moreover, as was'mentioned above, in his aﬂ&leis 2t

of the Peterson and Barney (1952) data, shepard (1972)
derived two majorx: dimenSions corresponding to Fl and F2
the contribution of which he believed to be most: 1mpbr- J
tant in vowel recognition. :
The  third dimension can be conceived, ‘in a sense, -

as a byproduct of the first two sirce it discriminates

[+

between those sohnds with a stable articulation Gsteady' '

F1 anf F2 frequenCies) and those 1nzgjﬁing changes ina vﬂﬁ-

articulation (shifting Fl and F2 ftequencies) In other

words, it differentiates between the vowels produced w1th
the tcngue in a fixed position and the.diphthongs pro-
duced-by mowving the tongue‘from one position, to another.

Except for the present one, ‘there has been as yet no,

. PR
g E)

LY

study that has lookeqéet the perceptual representdqion
Jof diphthongs, perhaps because of iﬂe complexities in-

volved in their production an%aclassification.‘ Although

the classification system of vowels, in ‘terms of tongue s

‘height and tongue advancement,  is not directly applicable ‘

4

.
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. tial component of the diphthongs to represent them as
- 'Dimensions I and II acrossg different contexts. .
© two. phonetic contexts only, PVP and HVD. and appeared to-

. correspond to the protensity features tense and lax.

) ally, the tense ‘vowels tend to envelop the lax ones, i.e.,

" have. apparently be/en perceived as lax because of their

. clear for the central and back vowels whlch occupy a
»appear to have been represented as lax. = o

" and HVD patteml obumd in Dimnsion IV and could not

71

to d;.phthongs, it is- of Lnterest to note that subjects

nevertheless used the mformation contalned in the ini-

back vowels or as high or low vowels as is evident from

»

the consistent repgresentation of these signals a/long

a

‘

The fourth d:unensmn was found to be stable across

x,o .

.-

These features ,accompany long. and short vowels in English

and occur with, concomltant dlfferences in length. Usu-

to occupy per:.pheral p‘osi'tlons in the vowel quadrilateral

‘with.the lax yowels beind more central '(I;indau, 1978).

. N .
In this study\two' vowels normally classified as tense

1"' 4 o

-

shiort duration. There are two contrasts in the feature

.tenseness: Tlus 1s evident in the dJ.str:LbutJ.on of the ’
front vowels along that dimension with tense vowels at

"the opposite end of the lax’ vowels The pJ.cture is less.

relatively compact area of the psychological space a

The fourth dimension in VPRI departed fr&m the PVP

h A
hc relatsd to any t-atm charactaristic of vonl- .uch,
v , i -;

<«

I TR e
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as F3 and duratioh, for example.‘ It was also difficult

_to ‘determine what the fifth dimension in HVD borresponded_ﬂ

to. '

The dimensions corresponding to Fl, F2, and steady,

(vs. shifting) state were invariant in the three phonetic
i .

' contexts considered. With respect to Fl and F2, Ainsworth

v

3

(1971) has inveétigated the effect of'chaqging the funda-
méntal f}equency on the perception of two-formant syn-
‘thetic §bwels and hvd words. ge found thaé rais{ng the
‘fundamental by an'oct;fé caused a rise of about 5% in the
mean of F1, and offabout 2% in the mean of F2, and that

isolated and context vowels gave similar results except

' [ ; .
that the context vowels were recognized more consistently.

1

' The experiments were repeatéd with rising and falling

fundamentals, but thé results were iﬁdigt;nguishable,from‘
. . L. J -
those obtained with the steady sounds. Ainsworth (1971)

' therefore noted that contéxtual effects in the recogni-

' tion of synthetit vowels with varying fundamental fre-

quencies were negligible.

Other investigaﬁors,wusing'different sets of vowel

+ stimuli and various techniques of analysis provide, by

N ! d
" their consistent findings, an indirect confirmation of

" the invariance of F1 and F2 contribution in the percep-

" tion of vowels presented in isolation -or embedded in
L , o ' .
/h-d/ (Cohen .et. al., 1963, 1967; Peterson and Barpey,

. 8 . '
1952; Pickett, 1957; Shepard,.1972). In, systematically

o s ™
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‘ — . comparing the-perceptual representation of vowel sounds

in three differen;wphonetic contexts, the present study
’ helps further confirm the contribution of F1 and F2 in

vowel perception to fhe perception of vowels embedded in

\

F e Ly

.0

/p-g/ and adds direct‘sﬁpportive evidence of the invari-

ance of the first two lower formants in the contexts

éxamineo. ,‘ ‘ ' \ ’
The third dimen31on, ‘corresponding to discrimination ;

between vowels and dlphthongs, was also found to be in-

ko S ATERI i 51003 Bri .

vartant across the different phonetic env1ronments.

There exzstsl at this point, in the literature no contra- ‘

st ¥ ' . .
r A

diction or corroboration of these results. It seems,,

however, reasonable to speculate that, g:l.ven the im- ,.{
portant role played by Fl and F2 in the perceptlon of
vowel ‘sounds, fluctuations or shifts in Fl and F2 fre-

: Vo
quencies are likely to be taken into account and 51g-

nlflcantly coatrlbute to the perception of speech sounds
when dlphthongs are included among +the stlmull.

Contextual effects’ were found to be signlflcant for

the fourth dimension in that ‘it was p0331ble to use the

. same characteristic or feature to account for that di-

t

mehsion in PVP and HVD, but not in VPI. It may be that .

tense-lax differences may not be interpretable as con~
'trastive qualities in the case of isolated vowel sounds
and that the domain of the tenseness feature is the ‘ \ .

Cy ’ . -
T,

" syllabic structure. In the English language the feature
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closed syllables (Ladefoged, 1975; Singh and Singh, 1976)

* The tensehvowels appear in both open and closed syllables

e - ‘ and their lax counterparts generally appear in closed

syllables only. L1ndau (1978) concluded from rad;ograph-

l

~ic observations that tense and lax vowels differ pri-

coa

: . marily in tongue height. 1)Since the arrioulatory feature
pon

7

of tongue height corres ds ro the acoustic aqmain of

5

F1, a tentative conclusxon one might draw is that lnfor-

mation .carried by Fl determlnes to a certaln extent" whlch

vowels are perceived as tense and which are perceived as’
- . v

lax. - ‘ o .

s

<

ty

If thls assumption is found to be correct, then, .
"r 0,’ A
all the dlmensxons Ln the psychologléal regg?sentatlon'

.that have been defined were derived from 1nformat10n

*

. carried in- thé first two 1ower formant frequenc1es-

5

Dimension I corresponds to F2, Dlmehsion II to Fl, Dlmen-

B s

IV to (apparently) some parblcular‘charecteristic of'fl B
3 45" ' ﬂf“

-t

- in PVP and HVD contexts.

A
“D‘

y A f£ifth dimension appeared to be sxgnificant in HVD !

only. Slnce its neanlng could not be defin%d, it cannot

Q‘, ”

be said whether this dimension relate to: features or 2

characteristics of'vo$e1 sounds in ge eral or of vowels

embedded in /h-d/ sl

) o toe

o In thd contaxt of the present study, subjects eval-'

Lok
- ' 4 RO ,
f N i L8 N . -

sion III to frequency shifts in Fl and.F2, and Dimension e

74 ¢
tenseness is functional in the formation of open and “ /

®

&

€.

.
"
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uated‘yowel éounds along four perceptual dimensione (or
five, depending upon the phonetic environment considered) .
It has been established that at least three of thesehdi—
- .8 rensions, and probably four, were derived from ﬁhysical

characteristics of the stimuli, na?ely Fl and F2. Re- ¢

sults from most of ﬁhe‘studies rerieWéa suggest that the -
~dimensions, defining the perceptual represeﬁtationggpf

vowel sounds corresponded to Fl, Fi,”and in some caees ‘ ;

to duration (e. g., Cohen, et. al., 1967) and in others

to F3 (Shepard 1972) These results suggest that the, Y

phy51cal quality of the‘aqditory stimuli defines the per-
ceptual representation of these stimuli. With two dimen-
sions 1eft unldentlfled, the guestion remalns, however, e

to determine whether or not all the recovered d1mensmons
: d - o '
a7 Qf a- psychological space can, be related to particular
R R
aspects of the phy51ca1 representat;on of the audltory Y

.
. . , [N &

. > 4
1 » N , - ' s

stimuli. - . " W N >
i ro , ’ ~ '

Coe T One of the contributions of the present experiment

;.. 1is that it can bé used to determine whether subjects made

use of thé discrete nature of distinctive features in

/} . their regresenﬁétion of'vowel.sgunQS or whether the di- .-
s N : v
/’ mensions were used dsJCOntinua along which sounds could '

T

L & ‘o

be ordered. 'If the dlscrete nature hypothe51s is tena-

-t u

ble, the sounds should ferm clusters in the psychologi- v

T i

o
5N

. ,:_.3;

[
e i s

; . cal space such that each cluster occuples a relatively d

A o

’ j : ' compact area of the space or marks the end of one of the
el : . \ | - B

B | .
AU 2 N - . fo )
R . )
. X \ oo ' *
. * ‘ '
. '?"-*ﬁ"."""‘g by ey Lingoadoe s cre w oy f . -
i . L v . 3 v
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" dimensicdns. 1In the context of this stud&, there is evi-

dence to suggest‘that the group of subjects as a whole
contrasted tbe sgeeeh stimuli in a discrete 'fashion as
is evident from the clusterlng of stimuli in the graphic
representations. Subjects appear to fully contrast the
speeep-stfmuli in three categories along Dimensions I
and II and in e/binary fashion along Dimensions III and
IV with, in the case of Dimension III, sqme evidence of
continuity in the way diphthongs are repreéented ranging
from most vowel-like to least Yowe;;iﬁﬁé.

The technique used in this study can be a vaiuable
research tool aqd a whole set of hypotheses may be in=~
vestig;teafby obtaining .psychological representations
for tﬁe s;me set of speech sounds from speakeré of dif-

ferent languages’. The examinqtioh of the differences

bewteen-the spatial repfeséntatians of a set of points

(speech sounds) by aifferent groﬁps of subjects would

probably hint at the features of, a language members of
a linguistic communlty cons;der most\important.
Subjects 1isten1ng to speech sounds in their native

language may probably yield a perceptual representation

of these sounds different from that yielded by listeners

who would have had no prior exposure to that language.

The- differences between the number of dimensions used

;?'ahd the shape of the final configurations would tell us

. T '
. L3 -
) . | . . .
. ) .

&

. o
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‘'new language. There has been some speculation about the

ond language exposure may be necessary for effects to be-

‘bilinguals' (or adults who possess experience with more

77
something about the particulat features or characteristics
of these sounds that "experienced" and "naive" listeners
attend to. One interesting extension of this technique
would concern the effect of learning a second language,

or of bilingualism, on the psychological representation
of speech sounds in an effort to determine in‘what way

. i . I
experience with other languages affects perception of a

transfer of abilities from one language learning situa;
tion to another (cf., Segalowitz, 1977) and the results
of one study  (Cohen, Tucker and Lambert, 1967) suggest

that bilinguals perceive phoneme sequences in a language

unknown to them more accurately than monolinguals. Two
further studies, however,.dealing also with children
failed to replicate the greater discriminative skills of

bilinguals and suggest that at least five years of sec-

observed (Davineﬂ Tucke¥ and Lambert, 1971; Lambert, Just
and Segalowitz, 1970).

The problem of transfer of skills is a central theme

in the psycholggical learning literature and deserves

closer experimental scxutiny. In this respect, adult

than one langﬁage) psycholngical representation of speech

v

sounds in an unknown language could be.examined and com-

pared to that.of monolinguals. If there is indeed trans-




N e N L ol - —

e i e g vt -y

\ ' 78

- »

. fer of skills we would expect the psychological gep%esen-

‘tation of bilinguals to better approximate that of the
native speaker;s of the unknown language thagp would the \
monolinguals' representation. | '

. Another line of investigation that can be pursued
would deal w}th hemispheric differences in ;he gegception
of speech sounds. Paradigms that have shown differences
between classes of sounds iﬂclude laterality and dichotié
masking experiments. Shankweiler and Studdert-Kennedy
(19§7) have found, for example, fﬁat stop consbnants,are

recalled more accurately from the right than from the

left ear, whilst the effect is shown less reliably for

vowels. Laterality experiments could thgrefd%frbe con-
ducted to investigate hemiépheric differences.ln the .
psychological representation of speecy sounds and assess

: ‘ each hemisphere's contribution i; speech perception.
Since the perceptual configuration is a represéntation

of a psychological space, it would be of interest to ex- .
. ‘ *

plore the spatial representations yielded by each hemi-

sphere.

LY
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