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1 .  I NT R O D U CT I O N 

I t  i s  a c ommon a s sump t ion in re sear c h  on speec h p ercept ion t hat a 

l i st ener ' s  internal representat ion o f  t he speech s ignal i s  organised , 

at least in part , in t erms of p honetic and/or p honological feature s 

employed in l ingui s t i c  analys i s . Thi s  pro c e s s  o f  spe e c h  percept ion 

has b een summari sed b y  Studdert -Kennedy ( 19 7 5 : 2 53 ) a s  follows : 

I n  s ho r t , p e r c e pt i o n  e n t a i l s  t he anal y s i s  o f  t he a c o u s t i c  
s y l l ab l e , b y  m e a n s  o f  i t s  a c o u s t i c  f e a t u r e s ,  i n t o  t he ab s t r a c t  
p e r c e pt ua l  s t r u c t u r e  o f  f e a t ur e s  and phon eme s t hat c ha r c t e r 
i z e t h e  mo rph eme . 

Many invest igators have attempt ed t o  det ermine t he number and nature 

of these  perc eptual d imensions or feature s t hat l i steners  put t ogether 

in the ident ificat ion of speech sounds - c onsonant s ( Singh 1 9 7 5 ) ,  vowel s  

( Terbeek 1 977 ) and tones ( Gandour and Har shman 1 9 7 8 ) . This paper i s  an 

attempt to d i s c over t he d imens ions or features  underlying t he percept ion 

of Cantone s e  tones . 

Phonological de script ions o f  Cantonese l i st six contrast ive t one s , 

t hat may generally be de scribed as ( 1 )  high fal l ing , ( 2 )  h igh rising , 

( 3 )  mid leve l , ( 4 )  low fal l ing , ( 5 )  low r i sing and ( 6 )  low leve l .  

Compare t he following propo sed representat ions o f  t he Cantone se tone s , 

in Chao ( 1 93 0 )  tone-numb er notat ion : 

* 
The re search for thi s paper was supported in part by a post -doctoral fellowship 

(1976-1977) at Bell Laboratories , Murray Hill,  N . J .  I want to e specially thank Osamu 
Fuj imura of Bell Laboratories for making his research facilities available . 

4 1 5  

Gandour, J. "Perceptual Dimensions of Cantonese Tones: A Multidimensional Scaling Reanalysis of Fok's Tone Confusion Data". In Nguyễn Đ.L. editor, Southeast Asian linguistic studies, Vol. 4. 
C-49:415-429. Pacific Linguistics, The Australian National University, 1979.   DOI:10.15144/PL-C49.415 
©1979 Pacific Linguistics and/or the author(s).  Online edition licensed 2015 CC BY-SA 4.0, with permission of PL.  A sealang.net/CRCL initiative.



4 1 6  JACK GANDOUR 

1 2 3 4 5 6 

Chao ( 1 94 7 )  5 3  3 5  3 3  21 2 3  2 2  

Kao ( 1 971 ) 5 3  3 5  3 3  2 1  2 3  2 2  

Hashimoto ( 1 97 2 )  5 3  3 5  4 4  21 24  3 3  

Vance ( 19 7 6 ) 5 5  3 5  3 3  1 1  1 3  2 2  

Of t h e s e  impr e s s ionist ic account s ,  Hashimot o ' s  ( 1 97 2 )  measurement s 

o)f actual fundamental fre quency contour s on c itat ion forms appear t o  

:�e flect t he C hao ( 1 9 4 7 ) and Kao ( 1 97 1 )  tone de scriptions . 

Among t he t hree earlier experimental inve st igat ions o f  t he percep

�ion of Cant one se tones ( Fok 1974 ; Vance 1 97 6 , 1977 ) ,  t he Fok study 

3erve s as the point of departure for present study of p erc eptual d im

=nsions of tone s .  The pat t erns of c onfu sions ( or misident ificat ions )  

in  her l i st ening ident ificat ion t e s t s  suggest t hat Cantone se speakers 

°Jerc e ive separat e p i ec e s  of various tonal pat t erns in making t heir 

ident ifications . I f  t hey had perc eived each tone as a unitary whole , 

�hen on making a mi stake , t hey should have been as l ike ly to gue s s  one 

�one as any ot her . But this  did not happen ; inst ead , two t ones were 

most l ikely to be c onfused if they were s imilar in t heir fundamental 

rrequenc y pattern s ,  and l east l ikely t o  be c onfu sed i f  t heir fundament al 

rrequenc y patt erns were highly d i s s imilar . All this  sugge st s t hat 

Cantone se tones are perc eived in t erms of s eparate fe ature s or d imen

, ions relat ively independent of each other . 

The present study u s e s  a mult idimensional scaling model o f  percept ion 

o�o invest igat e t he numb er and nat ure of features  underlying t he patt erns 

I)f confusions among the six Cantonese tone s . The d imens ions extra c t ed 

rrom t h i s  reanalys i s  o f  t he Fok data are evaluat ed in t erms o f  t heir 

perc eptual and l ingui st ic plau s ibilit y ,  and in t erms of their implica

o �ions for a more general model o f  speech percept ion . 

� . M E T H O D  

� .  1 .  T H E  I NVSCA L MOVEL  

The o ut put o f  mult id imensional scal ing proc edures consist s o f  a 

, ingl e map , or configurat ion , of po int s - one po int for eac h  s t imulu s .  

:)i stanc e s  between point s reflect t he relat ive similaritie s among 

obj e c t s ; that i s ,  obj e c t s  which t he dat a ind icate to be more s imilar 

are in general closer t o  each ot her in t he map t han are l e s s  s imilar 

pair s . 

In many appli cations o f  mult idimensional scal ing in the b e havioural 

,cienc e s ,  the s imilarit ies are obtained from s everal different subj e c t s ,  

or from the same subj e c t s  on different oc casions or under different 

'=xperimental condit ion s .  Rec ent ly , a new met hod was developed by Carroll 
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and Chang ( 1 9 7 0 ) ,  and implemented i n  a c omput er program called I NDSCAL 

( for I Ndividual Differenc e s  SCALing ) ,  t hat det ermines t he common 

dimensions underlying t he s imilarit ie s  dat a from d ifferent subj e c t s  or 

other kinds of data sourc e s ,  and further det ermine s t he relat ive im

portanc e or weight of eac h d imen sion t o  every subj ect . 

The input to I NDSCAL consist s of many differe nt matric e s  o f  s imilar

it ies or d i s similarities , all pert aining to t he same st imulus obj ec t s . 

Eac h matrix t ypically come s from one person , b ut it is al so p o s sible 

for it t o  be assoc iated with one of s everal d ifferent experimental 

condit ions , measure s of s imilar it y ,  t ime period s ,  or l o c at ions . A s  in 

ot her mult idimensional scaling proc edure s ,  t he out put from I NDSCAL 

includ e s  a map in which eac h point repre sent s one st imulus object  

( re ferred t o  a s  t he group stimulus space ) ,  but  unlike o ther mul t i 

dimensional scaling procedures , t h e  I NDSCAL o ut put al so includes  a s e t  

o f  d imen sion weight s for e a c h  subj ec t ( or some other data source )  whi c h  

s hows the relat ive importance o f  each st imulus dimens ion to him . Sub 

j ec t  weight s may be plotted in a map in which each point repre s ent s one 

subj ect ( re ferred to as t he subject spac e ) . 

In I NDSCAL , as in other met hod s for mult idimensional scal ing , e xper

imentat ion i s  required t o  det ermine t he number of d imen sions t hat are 

needed . For any spe c i fied d imensionality INDSCAL det ermine s the 

st imulus c o -ordinate s ,  t he s ubj ect  weight s ,  and t he unique orientation 

of axes t hat acc ount for the maximum total var iance in t he similarit ie s 

data from all subj e ct s .  The distanc e s  between t he st imulus obj e c t s  in 

some latent psychological space depend on the subj ec t s '  dimen s ion we ight s 

a s  well a s  on the st imulus c o-ordinate s .  The program �inds t he part icu

lar orientat ion o f  axe s  t hat maximi ses the goodne s s -of-fit measure ; in 

most c a se s ,  these axe s  or d imensions can b e  int erpret ed without nota

tion . The unrotated dimensions have a spec ial status in I NDSCAL , and 

might b e  assumed t o  corre spond t o  fundamental p sychological pro c e s s  

t hat have d i fferent sal ienc e s  for di fferent ind ividual s o r  under dif

ferent experimental c ondit ions . 

2 . 2 . F O K ' S  ( 1 9 74 ) VATA O N  P ER C E PTUA L C ONFUS I ONS AMONG CANTO N ES E TO N ES 

The data for this study are from an experiment al inve st igat ion o f  

perc eptual confu sions among Cantonese tone s under d ifferent experime ntal 

cond i t ions ( Fok 1 9 7 4 ) .  In one of t he experiment s ,  a male speaker 

( Speaker A )  read t he fo llowing set of word s :  / f u 1 / 'man ' ,  / f u 2 / 
' b i t t e r ' ,  / f u 3/ '�ia hne 8 8 ' ,  / f u 4 / ' to h e lp ' ,  / f u 5/ ' woma n ' and / f u 6/ 
' fa t her ' from long randomi sed st imulus l i st s .  Under t he first experi

mental condit ion ,  the st imuli were s impl y  natural speech ver s ions of 
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t he above set o f  word s ,  produc ed at normal t empo wit h neutral mod e  o f  

e xpre s sion . Under t he second experimental condit ion , t he st imuli c on

� i st ed of the nat ural larynx tones assoc iat ed with this set of word s .  

�'he se larynx tones were obtained from d irect recordings o f  c hange s in 

E le ctrical impedanc e in t he region o f  t he larynx whic h o c c ur during 

� peech produc t ion . Under the t hird experiment al condit ion , t he st imu l i  

c onsi st ed of low-pass filtered synt hetic versions of t he s e  l arynx t one s . 

F'or each o f  these  experimental condit ion s ,  t he subj e c t s  were a sked t o  

j�ent ify t he tone o f  t h e  st imulus items b y  c ir cling one of t h e  words 

tn the above set written in Chine se c haracter s . The same exper iment 

.'as repeat ed with a female speaker ( Speaker B) read ing t he s t imulus set . 

F�r detailed discussion o f  exper imental met hod and pro c edure , see Fok 

1 9 7 4 . 

Figure 1 presents the fundamental frequency c urve s from which the 

\�r ious tone st imulus set s were constructed for both speaker A and 

�:peaker B .  Thes e  two set s of s t imuli represent t wo d ifferent sets  of 

E .t imulus obj ec t s ,  and consequentl y  mus t  b e  treated s eparat ely for t he 

purpos e s  of a mult idimensional scal ing anay l si s . 
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F I GU R E  1 
Trac ings of fundamental fr equenc y c urves for t he s ix Cant one s e  
t ones ( adapted from Fo k 1 9 7 � , b y  permission of Centr e  of Asian 
Studies , Univer sity of Hong Kong ) . 
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In a compari son of t he t wo st imulus s et s ,  it i s  t o  be  noted t hat 

t he speaker A tones generally d i splay short er durat ion and a narrower 

range of fundamental frequenc y ,  t hat t he fundamental frequenc y int erval 

between speaker A tone ( 1 )  am his remaining t ones is muc h narrower t han 

t he di fference in pitch height between speaker B t one ( 1 )  and her re 

maining t ones , and that t he fundamental frequency s hape o f  speaker A 

t one ( 4 )  d i splays more o f  a fal ling contour t han it s speaker B c ount er

part . 

A total of 5 1 1  subj ec t s part ic ipated in t he experiment s ,  all nat ive 

speaker s of t he Cantone se spoken in Hong Kong . There were t hree 

princ i pal group s :  1 3 9  secondary s c hool boys , 157 secondary s c hool girl s 

and 2 1 5  post-secondary school student s .  

Eight een matri c e s  o f  s t imulus-re sponse confusions , or error s o f  

ijent ificat ion ( the diagonal values  indicated frequenc i e s  o f  corre c t  

i j ent i ficat ion s )  were derived from t he subj ect s ' j udgement s ,  one for 

each c ond it ion for eac h of the t ru'e e  subj ect group s . For the speaker 

A st imulus set , there were nine confusion matrices  ( 3  subj ect  group s 

x 3 experimental c ondit ion s ) ; and similarly ,  for t he speaker B stimulus 

set , t here were nine confu s ion matric e s . 

The ent ire set o f  e i ghteen confusion matri c e s  from t he Fok study 

was c onvert ed into s imilarity matri c e s  by u s ing the fol lowing equat ion 

( Shepard 197 2 ) : 

Sim ( i , j ) 

where Sim 

f ( i , j ) + f ( j , i )  

f ( i , i )  + f ( j , j ) 

( i ,  j ) s imilar i t y  

f ( i , j ) numb er o f  

f ( j  , i )  numb er o f  

f ( i , i )  number of 

f ( j  , j ) number of 

bet ween i and ,L 
confusions between i 

confu s ions between ;L 
correct responses for 

correct I'esponses  for 

This proc edure symmetrised t he matric e s ,  yielding a 

and ,L 
and i 

i 

;L 
s ingle value t o  

repre s ent the s imj.larity a s soc iated w i t h  eac h  pair o f  st imulus tone s .  

B y  dividing the number o f  c onfu sions b etween a pair o f  tones by t he 

n�mb er of corre c t  re sponses for that pair of t one s remove s the effec t 

o f  bias  from the result ing values . 

2 . 3 .  ANA L YS IS 

Two s eparat e I N�SCAL anal y s i s  were performed - one on t he speaker A 

s t imulus set , the o ther on t he speaker B s t imulu s  set . The input t o  

t he I NDSCAL analysi s o f  t he speaker A s t imulu s  s e t  consi sted o f  nine 

s ymmet r ic ( 6  st imulus t ones x 6 st imulus tone s )  s imilarity matrices . 



PERCEPTUAL DIMENSIONS OF CANTONESE TONES 4 21 

The nine matric e s  represented perc eptual j udgement s o f  the Cantone s e  

tone s f o r  e a c h  o f  the t hree subj e c t  group s ( sec ondary-level male 

student s , secondary-leve l female student s ,  post-secondary-level male 

and female student s )  acro s s  three different experimental condit ions 

( natural speech tone s ,  natural larynx t one s ,  synthet ic larynx tone s ) . 

Eac h matrix c ontained similarity estimat e s  for each pair o f  Cantone s e  

tones for a single c ondit ion for a s ingle sub j ect  group . The input t o  

the INDSCAL analy s i s  o f  the Cantone se t one s o f  speaker B w a s  similarly 

construct ed . I NDSCAL analyses  of these  similarity  matric e s  were per

formed at s everal d imens ionalities  in order t o  det ermine t he appropriate 

number of dimensions underlying the subj e c t s ' perc eptual j udgement s .  

3 .  R E S U L TS AN D D I S C U S S I O N  

3 . 1 .  NUMB E R  O F  D I M ENS I ONS 

For INDSCAL analy ses of both t he speaker A and speaker B s t imulus 

set s ,  t hree d imensions were found to provide the b e st repre s entat ion 

of t he perc ept ual structures  underly ing the subj e ct s ' s imilarit i e s  dat a .  

For the tones o f  speaker A ,  three d imensions account ed for approximately 

9 6 %  o f  t he t ot al varianc e ,  roughly 2 2 %  more variance t han t wo d imensions 

and only 2 %  l e s s  variance than four dimen sions ; for t he t one s of speaker 

B ,  t hree dimen sions account ed for approximate l y  9 4 %  of the t o t al vari

anc e ,  about 19% more var iar.ce t han two dimensions and only 1 4 % l e s s  

variance than four dimensions . The s e  result s  provide evidenc e t hat t he 

three d imensions are both nec e s sary and sufficient t o  c haract erise the 

subj ect s '  patt erns o f  confusions among t he Cant one s e  tones . 

3 . 2 .  I NTER PRETA T I O N  O F  D I M ENS I O NS :  S PEA KER  A 

Plot s of t he fir st and second dimensions , and t he second and t hird 

dimens ions from t he 3 -dimens ional I NDSCAL group st imulus space of t he 

Cantonese t one s for speaker A are shown in t he upper-half o f  Figure 2 

( c f .  Figure 1 ) . 

The first d imension i s  interpreted as CONTOUR . This dimension 

separat e s  t ho s e  tones t hat have a relat ive ly st eady fundamental fre 

quenc y traj ectory ( 3 ,  6 )  from those tones that s how c onsiderab le c hanges 

in fundamental frequency ( 2 ,  4 ,  5 ) . The posit ion o f  t one ( 1 )  would 

appear to be incons istent with t his int erpretat ion unt il one take s into 

account the variant shape s this tone as sume s in different phonet ic 

c ontext s .  Tone ( 1 ) , the high fall ing t one , become s high l evel be fore 

anot her high fall ing or high level t one ( Chao 1 94 7 , Huang 1 9 65 , Kao 

1 9 7 1 ) ,  or in Chao t one-let t er notat ion , 53 � 5 5 /  -- { § § } . Thi s  t one 
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sandhi rule t hus e st abli shes a phonological relat ionship between a 

c ont our-shaped and flat -shaped var iant of t one ( 1 ) . It i s  t hi s  phono

logical relat ionship t hat ac c ount s for t he int ermediat e posit ion of 

t one ( 1 )  on t his first d imens ion.  Despite t he fact t hat t he st imulu s  

ver s ion of t one ( 1 )  d i splayed a high fall ing fundamental frequenc y 

pat t ern , t he high level fundamental frequenc y pat t ern of t he sandhi 

variant , not pre sent in t he st imulus set actually u sed in t he Fok ex

periment , influenc ed t he subj ec t s '  perc ept ion of t he Cant onese t one s . 

�his r e sult i s  consistent with t he finding s  of t he Vanc e ( 1 977 ) per

c eptual study of the six Cant one se t ones . The synthet ic st imulus t ones 

in his exp er iment mo s t  c onsistent ly id ent ified as t one ( 1 )  were eit her 

high fal l ing or high l evel . 

The sec ond d imension is int erpret ively labelled DIRECTION . This 

dimension plac e s  t he t wo r i s ing t ones ( 2 ,  5)  and t wo fal l i n g  t ones ( 1 ,  

4 )  at opposite end s of t his axi s , and t he t wo level t ones ( 3 ,  6 )  in t he 

m iddle . The label HEIGHT i s  assigned t o  t he t hird d imension sinc e t he 

order and position of the t ones on t his dimens ion appear t o  b e  d et ermined 

by average pit c h  height . The fact t hat tone ( 1 )  and t one ( 4 )  are at 

opposite  end s  of the axis as well as t he fact t hat t one ( 3 )  fall s  some

w hat near the middle l end s support t o  t hi s  int erpretat ion . The posit ion 

of t he t one s on t he t hird d imension indicate more crowding in t he lower 

end of the fundamental frequenc y range . This re sult is in agreement 

w it h  ear l i er impres sioni stic j udgement s of the Cant onese t ones ( Chao 

1 94 6 ,  Vanc e 1 9 77 ) . 

In t hi s  3 -d imensional INDSCAL group st imulus spac e ,  t he first , s ec ond 

and t hird d imensions acc ount for 3 8 % ,  3 6 %  and 2 3 %  of t he t otal varianc e ,  

r e spec t ively . The proport ion of varianc e account ed for by eac h o f  t he 

t hree d imensions indicat es t hat the fir st and sec ond dimensions are 

a lmo st ident ical in saliency whil e  t he t hird dimension is a little  

w eaker t han the first t wo dimensions . The saliency of t he first and 

sec ond d imensions c l early reinforc e s  t he not ion t hat , underl ying t he 

p erc eptual j udgement s of the six contrastive t ones of Cantonese , ' speaker s 

make dec i s ions about whet her t he t one i s  l evel or cont our in s hape and 

w het her t h e  t one is l evel , ri sing or fall ing in direc t ion.  
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PERCEPTUAL DIMENSIONS OF CANTONESE TONES 

F IGURE  Z 
Dimensions 1 and 2 ( upper left , lower left ) and d imens ions 
2 and 3 ( upper right , lower right ) of t he group st imulus 
spac e from t hree-d imensional I NDSCAL analyses  of t he Fok 
tone confusab ility data for speaker A and sp eaker B ,  
respec t ively . 
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3 . 3 .  I NTERPR ETAT I O N  O F  V I M ENS I O NS : S PEAK ER B 

Plot s of t he first and sec ond dimensions , and t he s ec ond and t hird 

d :.mensions from the 3 -dimens ional INDSCAL group st imulus spac e of the 

Cant one se t one s for sp eaker B are shown in t he lower half o f  Figure 2 

« (� f .  Figure 1 ) . 

The first dimension i s  int erpret ively labelled DIRECTION . This 

d :imension plac e s  tone ( 1 )  and t one s ( 2 ,  5 )  at opposite end s of t he 

a:ci s ,  with t ones ( 3 , 4 ,  6 )  in the middl e .  It is nearly id ent ical t o  

t he sec ond dimension for t he speaker A perc eptual spac e exc ept for t he 

p <) sition of t one ( 4 ) .  In the speaker B p erc eptual spac e ,  t one ( 4 )  

cluster s  wit h  t ones ( 3 ,  6 ) ; in t he sp eaker A perc eptual spac e ,  t one 

( oj )  c lusters with t one ( 1 ) . This d ifferenc e in t he posit ioning o f  

t ')ne ( 4 )  o n  the DIRECTION d imension c an be under st ood in t erms o f  t he 

a,� tual s hape of t one ( 4 )  in t he speaker A st imulus set and t he speaker 

B st imulus set , respec t ively . In t he former , t one ( 4 )  d i splays a 

f �lling fundamental frequency pat t ern;  in t he lat t er , t one ( 4 )  display s  

a relatively level fundamental frequenc y pat t ern . Suc h realignment o f  

d i fferent st imulus t one s along what appear s  t o  be t he same d imension 

p rovid es furt her c onfirmat ion o f  its p syc ho logical realit y .  

The second d imension,  similar t o  t he first dimension of t he speaker 

A perc eptual spac e ,  separat e s  t he l evel tone s from t he c ont our t one s -

t hi s  i s ,  t ones ( 3 ,  6 ,  4 )  from t ones ( 1 ,  2 ,  5 ) . This d imension i s  

l �belled CONTOUR . Unli ke t he first dimens ion in t he sp eaker A perc ep

t ual spac e ,  however , t one ( 1 )  is  not perc eived t o  be similar to t he 

l evel t ones , perhaps becaus e o f  the muc h wider pitch  int erval between 

t one ( 1 )  and t ones ( 3 ,  4 ,  6)  in the speaker B stimulu s  set . 

The t hird d imension in t he speaker B group s t imulus spac e ,  whil e  t he 

most difficult t o  int erpret , c an be int erpreted as a HEIGHT d imension . 

The order and position of tones ( 3 ,  6 ,  4 )  along t hi s  d imension c lo s ely 

c orre spond t o  t he ac tual pitch height o f  t he st imulus versions o f  t he s e  

t ones . Thu s ,  t one ( 6 )  i s  perc eived t o  b e  more similar t o  t one ( 3 )  t han 

t one ( 4 ) . The problem lies  wit h t he c ont our t one s ( 1 ,  2 ,  5 ) . The s e  

three t ones were perc eived t o  b e  virtually id ent ical along t his d imen

s i o n .  Why they c lu st er toward t h e  lower end of t he fundamental frequenc y 

range remains unc l ear . 

In t his 3 -d imens ional I NDSCAL group stimulus spac e for t he Cantonese 

t one s of speaker B,  the first , second and third d imensions account for 

4 0 % ,  3 4 %  and 2 0 % of the approximate t otal varianc e ,  respect ively . For 

both t he speaker A and sp eaker B st imulus set s ,  t he CONTOUR and 

[ I RECTION dimensions toget her ac c ount ed for 7 4 %  of t he varianc e .  Their 

r elat ive import anc e ,  however , varies acro ss t he stimu lu s s et s ,  wit h  t he 
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DIRECTION d imension be ing more predominant in t he p erc eptual j udgement s 

o f  the Cant onese t ones of sp eaker B .  The t hird dimension , HEIGHT , turns 

out t o  be the weakest of t he t hree dimensions in t hi s  experimental t a s k ,  

for b o t h  the speaker A and speaker B sets o f  Cant one se tones . The 

emergenc e of t hree int erpr etable dimensions in the t wo s eparat e I NDSCAL 

analys es , similar in the order and posit ion of t he tones along t he 

dimens ions and plausible from bot h a perc eptual and l inguistic  stand

point , c onfirms t he validity of t he mult idimensional scaling alany si s .  

I t  i s  surely not acc idental t hat t he ' same ' t hree dimensions underlie 

these t wo sl ight ly d i fferent s et s  o f  Cantonese t one s , and t hat t he 

relat ive importanc e o f  t he s e  t hree d imens ions t o  each ot her depends on 

the exact c omp o sit ion of the st imulus tone s .  

3 . 4 .  V I M E NS I ON W E I G HTS F O R  EXPE R I M ENTA L C O NV I T I ONS 

In general , t here wa s l i t t l e  syst emat ic variat ion in the patt erns 

o f  d imension weight s for t he t hree di fferent kinds o f  s t imuli - natural 

speec h ,  natural larynx tones  and synt het ic larynx tone s . This would 

seem to indicat e t hat pitch  variation is t he princ ipal c ue for dis

t ingui shing the six Cant ones e  t o ne s . In ot her experimental invest iga

t ions o f  Cant onese  t one s , Fok ( 1 97 4 ) and Vanc e ( 1 9 7 6 )  have shown t hat 

c onc omit ant differenc e s  in syllable duration are not important for 

Cant onese t onal dist inc t ions . 

For t he speaker A set o f  Cantonese t ones , however , weight s on t he 

CONTOUR dimension are highest under t he natural speech condition;  for 

t he sp eaker B s et of Cant one s e  tones , weight s on t he HEIGHT d imension 

are highest under t he natural speech c ondit ion . This perhap s refl e c t s 

the d i fferenc e s  in d egree o f  movement in fundamental frequency pat t erns 

between the t wo st imulus set s .  Under t he natural speec h condition,  

subj ec t s  opt imal ly d irec t ed t heir att ention t o  t he s e  general propert i e s  

o f  t he t wo s et s  o f  t ones . Whi l e  t his i s  n o t  a wholly sat i s fact ory 

explanat ion , nevert hel e s s , these  result s do s how t hat the d imens ions 

obtained and t heir relat ive importanc e may d epend on t he experimental 

c ondit ions a s  well a s  the s t imuli and subj ect s .  In the Fok study , no 

d ifferenc e s  in the p erc eption of Cantone se tone s c ould be attributed t o  

t he t hree d ifferent sub j ec t  group s . Thi s result i s  demonstrated i n  t he 

I NDSCAL analyses in t he lack o f  differenc e s  in the pat t erns o f  d imens ion 

weight s acro s s  subj ect  group s .  

4 .  F U R T H E R  D I S C U S S I O N  

The part icular t hree d imensions t hat emerged from t r.e I NDSCAL 

analyses o f  t h e  Cantone s e  t o ne c onfu sions - CONTOUR , DIRECTION and 



4 2 6 JACK GANDOUR 

H EIGHT - are meaningfully int erpretable in bot h  perc eptual and l ingui s 

t ic ( c f .  Wang ' s  ( 1 9 67 ) proposed s et o f  phono logical fe ature s of tone ) 

t erms . This i s  important for providing us a bet t er understanding of 

hJW Cant one se sp eaker s construct an internal repre sentat ion of t he t onal 

p�tterns . The fact t hat we obta ined perc eptual ly and l inguistical ly 

p laus ible dimens ions for Cantonese tone s  takes on even great er sig

n i ficanc e when c ompared t o  the resul t s  o f  other mult idimensional scal ing 

i nvest igat ions of t one perc ept ion . Gandour and Har shman ( 1 9 7 8 ) ,  in 

t heir cross-language study of t one perc ept ion,  which inc luded t wo 

t ypo logically and genet ically unr elat ed t one language s ( Thai , t he 

n �t ional language of Thailand , and Yorub a , a language spoken pr imarily 

i n  Nigeria ) , also found d imens ions t hat c ould be similarly labelled . 

I n  anot her mult idimens ional scal ing analy s i s  of t he perception of t one s 

i n  Yoruba , Homher� ( 1 9 76 ) found d imensions t hat c ould b e  related t o  t he 

d irect ion o f  movement in fundamental frequenc y ,  and t he dist inc t ion 

between l evel and c ont our fundamental frequency shape s .  The present 

s tudy as wel l  as these t wo earlier ones employed dif�erent s t imu l i , 

s �bj e c t s  and experimental ta sks ; yet t he d imensions ex trac t ed are s imilar 

e nough t o  sugge st t hat such dimensions or features  mu st , indeed , be 

p sychologically real , and part of the universal set of phonet ic/phono

I Jgical feature� underlying t he perc ept ion of t one . The precise  number 

a nd nature of t hese feature s ,  of course , is a subj ect for future exper

i nental invest igat ion . 

Linguists  are not only int erested in t he c onstruct ion of a univer sal 

s et o f  phonet ic /phonological features , but t hey also wi sh to know to 

w hat ext ent these features are u t i l i sed in part icular language s .  Or t o  

p �t it i n  a d i fferent perspect ive , how does t he language background of 

a listener affect his perc ept ion of speech sounds ; in t he c ontext of 

t his study , does t he struc t ure o f  Cantonese influenc e hi s perc ept ion 

o f  the six c ontrast ive t one s ?  Alt hough our dat a lack s  a c ontrol group 

f Jr c ompar i son , the posit ion of tone ( 1 )  on the CONTOUR d imension in 

t he speaker A group st imulus spac e strongly suggests  t hat phonological 

r �l e s  may influenc e a person ' s  perception of speech sound s . This effect 

of part icular l inguistic experienc e i s  also shown in the Gandour and 

H �r shman ( 19 7 8 ) study , where differenc e s  in t he compo sit ion of tonal 

i nventories , or the lack thereo f ,  i s  reflec t ed in d ifferent ial emphas i s  

p lac ed on selec t ed d imens ions by speakers of Thai , YOI'uba and Engl i s h .  

S �c h  data point t o  t he need for a model of speech p erc eption t hat in

c Jrporat e s  higher-level linguistic  informat ion into t he perc eptual 

p ro c e s s ing of speech signal s .  
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And finally , the app licat ion o f  I NDSCAL has proven t o  b e  a very 

useful t ool for learning a great deal about both t he st imuli  and t he 

subj e c t s  und er invest igat ion , for d i sc overing t he und erly ing d imens ions 

o f  a multidimensional perc eptual spac e , and for confirming and improving 

on spec i fic hypotheses conc erning human perc ept ion . These  f indings c an 

now be inc orporat ed into t he des ign o f  ot her laboratory experiment s 

dealing with t he pro c e s sing o f  t one a s  we ll as ot her speech sounds . 

5 . SUMMARY  

A mult id �mens ional scal ing reanal y s i s  o f  t he Fok ( 1 97 4 )  t one c on

fus ion data from Cant one se revealed t hree underlying perceptual dimen

s ions t hat were int erpret ively labelled CONTOUR , DIRECTION and HEIGHT , 

respect ivel y . The influenc e o f  a Cant one se tone sandhi rule on a 

l ist ener ' s  t onal per c ept ion was evident in the position o f  t he high

fall ing tone ( 1 )  on the CONTOUR d imens i on . The weight s o f  t he s e  

d imensions were not found to vary muc h  acro s s  t he d i fferent kind s o f  

t onal st imuli  - natural speec h tones , natural larynx tones and synthet i c  

larynx tone s . Thes e  dimens ions extrac t ed from t he pat t erns o f  tonal 

confu s ions in Cantonese were found t o  b ear c lo s e  re semblanc e t o  per

c eptual d imensions o f  t one that have emerged in other multidimens ional 

scal ing invest igat ions . 
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