
PERCEPTUAL D I MENS I ONS OF TONE : THA I  

JACKSON T .  GANDOUR* 

ABSTRACT . One hundred and fourteen Thai subj ects made direct 
ratings of dissimilarity between pairs of pitch patterns super­
imposed on a synthetic speech-like syllable . An INDSCAL analysis 
of the dissimilarities data revealed four dimensions which were 
interpreted as AVERAGE PITCH , LENGTH , DIRECTION and SLOPE . These 
interpretive labels were supported by results of a multiple 
linear regression analysi s .  No significant differences in tonal 
perception could be attributed to an individual subj ect ' s  dialect 
background . 

I .  I NTRODUCT I ON 

A search for linguistic  explanat ions that account for t he nature of 

tonal systems mus t  converge with fundament al proc esses  assoc iated with 

the product ion and perception o f  tones . Us ing a mult idimens ional 

scaling procedure , t he primary aims of this paper are ( 1 )  to d i s c over 

the fundamental dimensions underlying Thai individuals ' percept ion of 

different kinds of pitch patterns superimposed on a synthet ic  speech­

like syllab le and ( 2 )  to  det ermine the ext ent and kinds of individual 

di fferences in percept ion that may be attributed to  dialect background . 
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The secondary aim of the paper i s  to  det ermine how close these percep­

tual dimensions c orre spond to earlier proposed phonological feature s of 

t one . 

The mut lidimensional scaling procedure used in this inve st igat ion , 

INDSCAL ( = INdividual Differenc es SCALing : Carroll and Chang 19 7 0 ;  

Carroll and Wish 1 9 7 4 a , 1 9 7 4b ; c f .  Harshman 1970 , 19 72 ) , s imultaneously 

analyses  s imilarity ( or d i s s imi larity ) matrices  for several individuals . 

The dat a value s in the matrices generally correspond to  subj ective dis­

t ances  between st imulus obj ect s based on  j udgment s  of s imilarity of dif­

ferent individuals . The s imilarities  are as sumed to b e  related to  

d i stances b etween s t imuli in some latent psy chologi cal spac e .  The 

I NDSCAL procedure det ermine s a statist ically unique set of diemsnions 

that usually can be interpreted without rotat ion of the axes . In addi­

t ion to  coordinate s  for the st imuli on each dimension , INDSCAL also 

provides information about the relative weight s or perceptual saliences 

of each dimens ion for every individual . The distances b etween the 

s t imuli depend on the subj ects ' dimension weight s as well as on t he 

st imu lus c oordinates . The dimens ion weight s for a part icular individual 

subj ect  indicate approximat e ly how much each dimension should be 

stret ched so that the distances  between st imuli will correlate as 

highly as pos s ib le with that subj ect ' s  s imilarity ( or d i s s imilari t y )  

ratings . The st imulus coordinat es o n  each dimens ion for all  subJe c t s  

may be plotted i n  a "group ( c omposit e )  st imulus space " ,  the dimens ion 

weight s for individuals in a " subj ect spac e " . It is primarily by ana­

lysis  of the subj ect  space t hat we may det ermine to what extent dif­

ferences  in percept ion , if  any , may be attributed t o  part icular individ­

uals or subgroup s . 

I I .  M ETHOD  A N D  P R O C E D U R E  

A .  LANGUAGE 

Thai , a member of t he Tai branch of t he Austro-Thai language family , 

i s  an examp le of a tone language with five contrast ive tones - three 

level tones and two cont our tone s ,  tradit ionally labelled "high" ( ' ) ,  

"mid" ( ) ,  " low" ( ' ) ,  " falling" ( A ) and "ris ing" ( V ) , e . g . / k h a'a / ' to 

engage i n  trade ' ,  / k h a a /  ' to be s tu c k ' ,  / k h a'a / ' a  kind of s p i c e ' ,  / k h aAa / 

' to k i t t ' ,  / k h aa /  ' t eg ' .  For phono logical descript ion of the Thai 

tones , see Henderson 1 9 4 9 , Abramson 19 62 and Gandour 1975 . Figure 1 

present s average fundamental frequency traj ectories of the high , mid ,  

low , falling and ris ing tones o f  Thai in word-final posit ion . 
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Ave rage fundamen t a l  frequency contours o f  Tha i  tones on doub l e  vowe l s  in word ­
final pos i t i on (one speaker , adap t e d  from Abramson 1 9 6 2 , by p e rm i s s i on o f  
I n d i ana Unive r s i t y  Rese arch Center i n  Anthrop o l ogy , F o l kl o r e  and L i n g u i s t i cs ) . 
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B .  S T 1 M U L I  

The st imulus s e t  inc luded thirt een di fferent t onal patterns ( see 

Figure 2 ) . There were three level tones ( 1 1 3 3  5 5 ) ;  ten contour tone s , 

five falling tones ( 5 3  3 1  5 1  5 3  3 1 ) and five rising tones ( 3 5  1 3  15 3 5  13 ) .  
Within each subset of falling and ris ing t one s , two pairs of t one s tra­

vers e  the same pitch range but differ in magnitude of s lope ( 5 3 -53, 
3 1-JT: 3 5 -35, 1 3 - TJ) ; the remaining falling and ris ing tones , 5 1  and 15 , 
have the same direct ion and magnitude of s lope as ( 53  JT) and ( 35  TJ) , 
respec t ively , but di ffer in the size  of the pitch range . Differences in 

b egin and end po int divided t he tones int o the following six sub set s :  

( 1 1 1 3 15 TJ) , ( 3 3 3 1 3 5  "IT 35) , ( 5 5 5 3 5 1 53) according to  begin point ; 

( 1 1 3 1  5 3  "IT) , ( 3 3 5 3  13 TI TJ) , ( 5 5 3 5  15 35) according to  end point . 

Differences in the amount of change in fundament al  frequency b etween the 

begin point and end point of the tones provide a t ernary grouping of the 

tone s : ( 5 1  15 ) ,  ( 5 3 53 3 1  "IT 3 5 35 13 13) , ( 1 1 33 5 5 ) . In addit ion t o  

these pitch  characteri sti c s ,  the thirteen stimulus tones also differed 

in lengt h .  Nine o f  the tones were " long " ( 1 1 3 3 5 5 5 3 3 1 5 1 3 5 13 15 ) ,  
four of t he tones were " short " ( 53  "IT 35 TJ) . 

Thi s  particular set of thirteen tones inc luded s even of Wang ' s  ( 19 6 7 : 

99 ) phonological tones ( 1 1 3 3  5 5  5 3  3 1  3 5  13 ) ;  hi s other two level tone s  

( 2 2 4 4 )  and four b idirect ional tones ( 5 3 5  3 13 3 5 3  13 1 )  were exc luded . 

Ac tual fundamental frequency values associat ed with t he st imulus 

tones were int ended to  approximat e real-speech measurement s of tones 

( c f .  Abramson 196 2 ) . All  the fundamental frequency traj ectories  were 

l inear : 1 1 ,  33 and 55 had st eady frequency value s at 100 , 125 and 150 Hz , 

respectively ; 3 5 ,  13 , 15 , 35 and TJ had r i s ing frequency values  from 

1 2 5  to 1 5 0 ,  100  to 125 , 100  to 15 0 ,  1 2 5  to 150  and 100 to 125  Hz , re­

spect ively ; 5 3 ,  3 1 , 5 1 , TI and JT had falling frequency value s from 1 5 0  

to  125 , 125  t o  100 , 1 5 0  to 100 , 150  to  125  and 1 2 5  to  100  Hz , respec­

tively . The rate of change in fundamental frequency for the linear 

ris ing and falling tones was 1 Hz per 12 mse c s  for ( 5 3 3 1  3 5  13 ) ,  2 Hz 

per 1 2  ms e c s  for ( 53  JT 35 TJ 5 1  15 ) .  
The se fundamental frequency traj ectories were superimposed on a 

synthet ic  speech-like syllab le t hat phonetically approximat ed [wa ] ,  
using a l ine analog speech synthes iser on t he PDP-12 computer at the 

Phone t i c s  Laborat ory , University of California , Lo s Ange les ( for de­

s cript ion of speech synthe siser , see Rice 197 1 ) . In this synt het ic 

syllab le ,  both the first and se cond formant s disp layed ris ing transi­

t ions int o t he vowe l ;  the st eady- state portion of the vowe l const ituted 

about 62  per cent of t he tot al durat ion , with spectral peaks at 6 3 0 , 

1 1 3 0  and 3 3 0 0  Hz for the first three formant s .  
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Nume r i c  and corresponding graphi c  representat ions o f  the t h irteen 
s t imulus tones used in the exp e r iment ( c f . Chao 1 9 3 0 ) . The ordinate 
represents a S - s t e p  p i tch scale r anging from 5 (highe s t  po int ) t o  1 
( l owe s t  p o int ) , and the ab s c i s s a  represents t ime : 5 5  "high leve l " , 1 3  
" l ow r i s ing" , 5 3  "high f a l l ing" , e t c . A sup r a s c r i p t  hor i zont al  b ar 
ident i f i e s  the numer i c  repres enta t i ons  o f  the "short" tones . S o l id , 
dashed and do t t ed l ines al ong the ab s c i s s a  ind icate  magn i tude o f  s l ope 
o f  the thirteen s t imulus tone s . 
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The duration of t he syllable was 312  msecs for the nine " long " tone s , 

1 5 6  msecs  for the four " short " tones ( c f .  Abramson 196 2 ) . The ampl itude 

curve was control led to disp lay a rather abrupt rise followed by a 

gradual decay ( durat ion : rise = 3 1  percent , peak = 1 1  percent , decay = 
58 perc ent ) .  

C .  S U B J E CTS 

A t otal  of 114  subj ects  part ic ipated in t he experiment . All  were in 

att endanc e at either a university or t eacher-training col lege . Subj e c t s  

were paid for t heir part ic ipat ion . None of t he subj ects  had re ceived 

any formal training in mus i c  or lingui st i c s . They exhibited varying 

levels of proficiency in English . Subj ect s ' ages ranged between 1 8  and 

2 3 ,  mean = 21 years . 

Of t he 114  Thai subj ect s ,  3 8  were monodialectal speakers of the 

Central Thai dialect ( =  Thai or Siamese , t he nat ional language of  Thai­

land ) . The remaining 76 subj ects  were b idialectal speakers : 65 were 

b orn and raised in Phuket province in southern Thai land , 11 in Chiang 

Mai province in northern Thailand . They all had at t ended local provin­

cial s chool s  t hrough the tenth grade . The local dialect was their first 

"ac quired" dialect ; Central Thai was t heir sec ond " learne d "  dialect . 

It i s  t he latter dialect t hat is used as t he medium of instruction in 

t he s choo ls and medium of communi cation in radio , TV , and t he c inema . 

The b idialectal subj ects  having had at least 1 0  years experience with 

the nat ional language in the school s ,  were fully c onversant in t he 

Central Thai d ialect . 

v .  EX P E R I M E NTA L TASK 

Subj e c t s  were told t hat they were going to  hear words from a foreign 

language , and that t he se words all had the same sequence of consonant 

and vowel but different pitch  patt erns , as in t he Thai word s / n a� / 
' fa e e ' and / n aa / ' t h i e k ' .  

The st imulus set was p layed twice t o  acquaint the subj ects  with the 

nature and range of  pitch variat ions between the thirteen tone s . They 

were t hen t o ld t hat t heir task was to  report t heir impre s s ion of  how 

di fferent the pitch patt erns are between pairs of t hese  words , b y  

c ircling a n  appropriate number o n  a n  I I-point didimi larity scale ( see 

Figure 3 ) . They were also told to  ignore any other di fferences b etween 

t he words that they might hear . 
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The paired- stimuli were presented in a natural speech carrier frame 

/ k a r u n a a  p r i a p t h i � p s i a �  k hJ 3 �  k h a m  t J� p a y  n i  r / 

' Compare t h e  p i t c h  of t h e  fo L Lowing words 

Thi s natural speech context encouraged subj ects  to  listen to  the syn­

t hetic  stimul i  in a speech mode of proc e s s ing . 

A trial consisted of the c arrier frame , the paired- s t imuli and the 

response period . The t ime-int erval b etween the carrier frame and the 

paired- s t imuli was . 56 s e c s , b etween st imulus a and stimulus b of t he 

paired-stimuli ( interstimulus int erval ) 0 . 2  secs  and between the paired­

st imuli of one trial and t he beginning of the carrier frame for the 

next trial ( int ertrial int erval ) 4 . 0  sec s . 

Four blocks of trials were present ed , each block consist ing of 9 1  

trial s , yielding a total of 3 6 4  paired-comparison j udgment s ,  four j udg­

ment s for each stimulus-pair . Ten buffer trials were p laced at the 

b eginning of b lock 1 ,  three buffer trials at the beginning of each of 

the remaining three b locks . The trials were pres ented under one p seudo­

random order in blocks 2 and 4 .  In b locks 1 and 2 ,  the stimuli for each 

st imulu s-pair type were pre sented in order a - b ;  in b locks 3 and 4 ,  the 

order of presentat ion was reversed . A b lock of ten practice  trials was 

administ ered before proceeding into the actual experiment . 

St imuli were presented on a Uher Model Ic-4000  tape recorder over a 

loudspeaker in a conventional c las sroom setting .  Thi s  enab led more than 

one subj ect  to  be tested during any one s e s s ion , although no more than 

twe lve subj e c t s  were normally run at a s ingle s e s s ion . Each sub j e c t  

was seated within a comfortab le hearing range of t h e  tape recorder . 

Brief rest periods were s c heduled between each o f  the four b lo cks of 

trials . At the conc lusion of the ses sion , subj e c t s  were asked to  com­

plete a b iographi cal information sheet and questionnaire . The entire 

experiment lasted approximately 1 hour and 15 minut es . 

E .  METHOV O F  ANA L YS I S  

The input t o  INDSCAL consisted o f  1 1 4  ( individual subj ect s )  thirteen 

( st imulus tones ) x thirt een ( st imulus tone s )  symmetric data matric e s . 

Each o f  the 1 1 4  individual subj ect  data matri ces  cont ained distance 

e s t imate s  for each paired-compari son of the thirteen stimulus tones . 

The distance e s t imate was obtained by averaging the four d i s s imilarity 

s c ores for each pair of st imulus t ones for each subj ect , convert ing 

the s e  averaged dis s imilarity scores into distance e s t imat e s , and sub­

s equent ly into s calar products  us ing st andard procedures des cribed in 

Torgerson ( 19 5 8 ) . The aim of INDSCAL i s  to determine , by means of an 

it erative least squares procedure , t he s t imulus coordinate s  and the 
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subj ect  weight s that account for as much  total  variance in all  

subj ect s '  dat a as possible . The output from INDSCAL , consisted of two 

matri ces ,  a thirt een ( st imulus t ones ) x � ( d imens ions ) mat rix of c o­

ordinates  of the thirteen st imulus tones on � dimensions ( p lot t ed in a 

"group st imulus spac e " ) ,  and a 114  x � matrix of weight s o f  each of the 

114 individual subj e c t s  on the same � dimens ions ( p lotted in a " subj ect  

space " ) .  INDSCAL analyses o f  the subj ects ' input diss imilarity matrices  

were performed in several �-dimensional spaces  in order t o  determine 

the correct number of dimensions . 

I I I .  R E S U LT S  

A .  I NT E R PR ETAT I ON O F  V I M E NS I ONS 

A 4-dimensional INDSCAL analy s i s  of these dissimilarities  data was 

found to  provide t he best  summary int erpretat ion of t he maj or perceptual 

structures employed by subj e c t s  in making their paired-comparison 

ratings of dis simi larity b etween the thirteen st imulus tones . This 

4-dimensional solution accounted for 74% of t he total variance in t he 

dissimilarit ies data for all  subj e c t s . Since only 4 %  more varianc e was 

account ed for in five dimensions and 9% less  was account ed for in three 

dimens ions , it  was conc luded that four dimensions were both neces sary 

and sufficient . The high corre lations ( . 8 1  or above ) obtained b etween 

each individual subj ect ' s  original dis simi larities  dat a and the distances 

between the st imulus tones in his associated appropriate ly-weight ed 

4 -dimensional solut ion indicate t hat t he private s t imulus space for a 

part icular individual may be derived quite reasonably from the group 

st imulus space by di fferentially stret ching or shrinking the four dimen­

s ions . 

The four dimensions t hat emerged from the multidimensional scaling 

analy s i s  are numbered from 1 to  4 in decreas ing order o f  variance ac­

counted  for : dimension 1 = 26 . 5 % ,  dimension 2 = 2 0 . 4% ,  dimens ion 3 = 
1 9 . 8% and dimension 4 = 7 . 3% .  The proport ion of variance  account ed for 

by each of t he four dimens ions indicat e s  that dimension 4 was somewhat 

weaker in saliency than the other t hree dimensions . Although dimension 4 

accounted for a smaller proport i on of the variance ,  i t s  stat i stical  

reliab ility as we l l  as the  reliab i lity of the  c omposite 4 -dimens ional 

group st imulus space was confirmed through the computation o f  correla­

tion coeffic ients between each o f  the four dimensions for separat e in­

dependent split-half ( 5 7 subj ect s ) s olut ions . I f  the st imulus co­
ordinat es  between corresponding dimens ions of the split-half solutions 

corre late highly , t hen we can reasonab ly c onc lude that the total group 

solution is very reliable . The correlat ions b etween st imulus coordinates  



2 8 6  J . T .  GANDOUR 

on the corresponding unrotated dimens ions of the split-half solutions 

were as follows : dimension 1 = . 9 8 % , dimension 2 = . 99 % , dimens ion 3 = 
. 9 8 %  and dimension 4 = . 9 0% . The moderat e ly high rep licability of 

dimension 4 acro s s  split-half INDSCAL analyses es tablishes its  statis­

t i cal reality . 
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1 3  1 5  33  
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D I M .  1 AVERAGE P I T CH 

F I GURE 4 

D imens ions l and 2 from the I NDSCAL 4 - d imen s i on a l  group s t imulus space . 

Figure 4 shows a plot of the coordinat es or proj ect ions of the 

st imulus tone s on t he first and s econd dimens ions in the group st imulus 

space . Interpretation of the dimens ions was guided by inspect ion of the 
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order and posit ion o f  the tones along each dimension,  part icularly how 

the tones at one extreme differ from those at the other . It should be 

pointed out , however , t hat the locat ions o f  the st imulus tones in the 

4-dimens ional group st imulus space came direc t ly from the INDSCAL ana­

lysi s ,  and preceded any part icular int erpretation a s signed to the dimen­

s ions . 

Dimension 1 i s  interpreted as AVERAGE PITCH . St imulus t ones 1 1  and 

5 5  are found at either extreme ; 3 3  near t he middle . The c lustering of 

1 5  and 5 1  with 3 3 ,  and the c lustering o f  ( TJ  JT 3 1  1 3 )  and ( �  � 53  3 5 )  

lead t o  the following ass ignment o f  average pitch value s : 5 5  = 5 ,  

( � J! 5 3  3 5 )  = 4 ,  ( 1 5  5 1  3 3 )  = 3 ,  ( TJ  JT 3 1  1 3 )  = 2 ,  1 1  = 1 .  The 

second dimens ion , int erpreted as LENGTH , c ontras t s  the nine long tone s 

( 1 1  1 3  3 1  1 5  5 1  3 3  3 5  5 3  5 5 )  with the four short t ones ( TJ  JT � �) . 
This dimens ion i s  based on the durat ion,  rather than pit c h ,  characteris­

tics of t he t hirteen synthet ic  tonal s t imuli . 

Figure 5 ( overleaf ) s hows a p lot of the t hird and fourt h dimensions . 

Both of these dimensions are b ased on the pitch characteri s t i c s  o f  the ' 

s t imulus tones . Along t he third dimens ion , interpret ively named DIREC­

TION , ris ing t ones ( 1 5  35  1 3  � TJ) are found at one extreme , falling 

t ones ( 5 1  3 1  JT 5 3  �) at the other and level tones ( 3 3 1 1  5 5 )  near the 

middle . The fourth dimension , labelled SLOPE,  appears to  s eparat e the 

level tones ( 3 3 1 1  5 5 ) from t he c ontour tones ( 5 1  3 1  53 JT � TJ � 1 3  

3 5  1 5 ) . Along this dimension,  t ones t end to  be ordered by t he s i z e  of 

the pitch range as  determined by t he di fference in fundamental frequency 

values between the beginning and ending point s of the stimulus t ones : 

( 5 1  1 5 )  = 5 0  Hz , ( 3 1  JT 5 3  � TJ � 1 3  3 5 )  = 25  Hz , ( 3 3 1 1  5 5 )  = 0 Hz . 

Thi s  dimens ion also appears t o  b e  related to  the magnitude o f  s lope o f  

t h e  s t imulus t one s . 

The interpretat ion o f  t he four dimens ions was supported by the re­

sult s of multiple linear regress ion analy s i s . Tab le I ( page 2 8 7 ) pre­

s ents the eight properties  t hat were treated as dependent variables ; 

the stimulus coordinat es o f  the four dimens ions in the group st imulus 

space were treated as independent variables . The regre s s ion analysis  

locates directions in the group st imulus space  b e s t  c orresponding to  

t he s e  propert ies . Of the eight propert i es , 1-4 are of a binary nature , 

6-8  t ert iary and property 5 quinary . Propert ies  1-3  corre spond t o  

Wang ' s  ( 19 6 7 ) b inary phonological features o f  t one [ ±CONTOUR ] , [ ±RISING ] 

and [ ±FALLING ] ,  respect ively . Property 5 c orrespond s to  durat ion 

characteri s t i c s  o f  the st imulus tone s , propert ies 5-8  various pitch 

characteri s t i c s  ( c f .  Section I I . B ) .  
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1 1  33 55 5 3  3 1  5 1  35 13 15 TI JT J) TI 
l .  Level v .  Contour 0 0 0 1 1 1 1 1 1 1 1 1 1 

'"d 
2 .  Rising v .  Nonrising 0 0 0 0 0 0 1 1 1 0 0 1 1 t%j 

� 
t%j 3 .  Falling v. Nonfalling 0 0 0 1 1 1 0 0 0 1 1 0 0 '"d t-i 

4 .  Long v .  Short 0 0 0 0 0 0 0 0 0 1 1 1 1 � 
t:I 
H 

5 .  Average Fundamental Frequency 100 125 150 137 . 5  112 . 5 125 137 . 5  112 . 5  125 137 . 5  112 . 5  137 . 5  112 . 5  @ 
z 
en 

6 .  Magnitude of Slope 0 0 0 1 1 2 1 1 2 2 2 2 2 H 
0 
Z 
en 

7 .  Amount of Change in 0 0 0 25 25 50 25 25  50 25  25 25  25 0 
Fundamental Frequency ( H z )  "l 

t-i 
0 

B .  Rising v .  Level v .  Falling 0 0 0 1 1 1 2 2 2 1 1 2 2 z 
t%j .. 
t-i 
S; H 

TABLE I 

Values a s s o c i ated w i th the thirteen st imulus t on e s  for e ach o f  the e i ght prop e r t i e s  used in the 
l inear regres s i on analys i s . 



'0 0. ::s '0 :3 N 
III f-'o 0 '1 s::: -.0 
'1 :3 '1 0 f-' 0 
n- et> :3 '0 n- 8 
f-'o ::s III et> f-'o ::r 
() en f-' '1 '0 et> 
s::: f-'o f-'o n- f-' 
f-' 0 en f-'o et> III 
III ::s et> et> en 
'1 en 0. en () en 

R eglte��.{.on W e.{.g ht:� 0 0 
'0 ...., '1 () '1 () 
'1 0 et> III '1 f-'o 

Multiple 0 '1 ()Q ::s et> III 
'0 '1 f-' n-

Dim .  1 Dim . 2 Dim . 3 Dim . 4 Correlation et> '0 et> 0' III et> 
'1 '1 en et> n- o. 
n- et> en f-'o 

- . 1 2 4  - . 2 3 5  . 115  . 9 5 7 *  . 8 82  '< 0. f-'o '0 0 f-' 
l .  Level v .  Contour f-'o 0 '1 ::s f-'o 

() ::s et> en ::s 
n- o. et> 

2 .  Ris ing v .  Nonris ing - . 2 40 - . 0 70 . 9 2 5 *  . 2 8 8  . 95 8  f-'o � f-'o f-'o III 
::s et> () ::s '1 

- . 86 8 # ()Q f-'o n-

3 .  Fal ling Nonfalling . 15 1  - . 11 4  . 4 59  . 90 1  (Jq et> n- '1 v .  0 ::r 0. ::r et> 
'1 n- et> (Jq 

4 .  - . 0 55 . 9 8 8 *  - . 1 35 - . 0 5 1  . 9 86 0. en ...., '1 
Long v .  Short et> '1 f-' et> 

'1 en 0 III en '-< 
::r :3 en en 

t-l 5 .  Average Fundamental Frequency . 9 81 *  - . 0 0 8  . 15 7  . 1 1 1  . 9 80 III 0 n- f-'o 
::s � n- o 

. 79 6 # 0. ::r () ::s § 6 .  Magnitude of Slope - . 0 86 - . 5 8 4  . 1 3 1  . 9 3 3 n- et> 0 
'0 ::r f-' '1 
0 et> ...., s::: et> 
en 0 :3 [Jl 0 

7 .  Amount of Change in f-'o '1 '1 ::s s::: � 
Fundamental Frequency - . 15 8  . 0 9 4  . 0 5 3  . 9 8 2 *  . 86 4  n- et> :3 f-' 

f-'o f-' en n-
o III H ::r [Jl 

8 .  . 6 7 7
# . 6 81 # . 9 36  

::s n- Z 0 
Rising v .  Level v .  Falling - . 22 4  - . 16 7 f-'o t:J � III 

0 c:: C/) '1 
...., et> (") ::r et> 

:t- o 
[Jl f-'o t-< � en 
n- :3 ::r 
f-'o '0 0. � 0 

TABLE I I  
:3 0 f-'o et> � 
s::: '1 :3 f-' ::s 
f-' n- et> f-' 
s::: III ::s f-'o 
[Jl ::s en et> ::s 

L inear regre ss ion of e i ght prop e r t i e s  4 - d imens ional  for Tha i  sub j e c t s ' 
() f-'o III 

on space n- et> 0 () 8 

d i s s im i l a r i ty rat ings dat a .  * = regre s s ion we i ght  . 9 2 5  and above ; /I = regre s s i on 0 ::s ::r III 
::s 0 en 0' 

we i ght be twe en . 6 7 5  and . 9 2 5 . et> ...., 0 f-' 
en ...., et> 

et> 
...., III 8 n- H 
0 () ::r ::r H 
'1 ::r et> et> 

III 
8 
::r 
et> 



PERCEPTUAL DIMENSIONS OF TONE : THAI 2 9 1  

Figures 6 and 7 show the geometric repre sentat ion of the linear re­

gres sion result s in Tab le I I . In this repre sentat ion , the direction 

and extent of the straight ( dashe d )  line c orre sponding to  a property 

indi cates which of the INDSCAL dimensions most nearly corresponds to 

that property . 

IDI�. 41 
AMOUNT OF CHANGE \ \LEVEL v .  CONTOUR 

IN FUNDA�AL FREDUEN:Y \ \ I 

13 13 

\,MAGN ITUDE OF SLOPE 

15 \ 
53 

AVERAGE 
FUNDAMENTAL 

FREQUENCY 
- - - -

- - -
----------;------f-..:=;......----'--------i D IM . 1 

31 

33 

11 
55 

F I GURE 6 

The dimen s i on 1 - dimens ion 4 p l ane from the INDSCAL 4 - d imens i onal  
g roup s t imulus space . Pro j e c t ions o f  s t r a i ght (dashed)  l ines  op ­
t imal ly corresponding to amount o f  change in fundamen t a l  frequency , 
l eve l versus contour , magni tude o f  s l ope and average fundamen t a l  
frequency . 
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I RISING v .  NONRI SING 
, 
I 
I I RISING v .  LEVEL v .  FALLING 
I I 
I I 
I I 
I I 
I I  I 

13 

- -
- -

- \ 
LONG v .  SHORT 

33 
53 

31 
51 

1 1  \ 
\ 
\ 
\ 
\ 
\ 
\ 

53 

31 

FALL ING v .  NON FALLING 

F I GURE 7 

The dimens i on 2 - d imen s ion 3 p l ane from t he I NDSCAL 4 - d imen ­
s ional group s t imulus sp ace . Pro j e c t ions o f  s tr a i gh t  (dashed) 
l ines opt imal ly corresponding to  r i s in g  versus nonr l s ln g , rl s ln g  
versus leve l versus fa l l ing , l on g  versus s h o r t  and fal l in g  
versus nonfa l l ing . 

The direction and extent of the straight lines opt imal ly corre spond­

ing to the s e  propert ies in the mult idimensional space support our inter­

pretation of the four dimensions . In Figure 6 ,  dimension 1 closely c or­

responds to average fundament al frequency , dimension 4 to amount o f  

change in fundamental frequency , level versus cont our and magnitude of 

s lope ; in Figure 7 ,  dimens ion 2 c losely corre sponds to  long versus short , 

dimens ion 3 to ris ing versus nonri sing , fal ling versus nonfal ling and 

ris ing versus leve l versus falling . The third dimension , however , does 
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suggest that rising ( property 2 )  p i t c h  movement is  represented more 

dire ctly in t erms of subj e ct s ' perceptual dimensions of t one than fal­

ling pitch movement . It i s  of further intere st t o  note that the clus­

tering of st imulus tones on the third and fourth dimens ions lead to a 

c lose correspondence to  Wang ' s  b inary phonological features  of t one 

( propert ies  1- 3 ) . 

B .  SUBGROUP V I F F E R E N C ES I N  W E I G HTS FOR V I M ENS I ONS 

Subject s '  weight s on the AVERAGE PITCH and LENGTH dimensions are 

indi cated in Figure 8 .  The re lat ive salience of AVERAGE PITCH i s  

greater than LENGTH for most o f  individual Thai subj ects  as  illus trated 

by the 

plot . 

I 
I-l:J :2 
w -' 
N 

::E 
0 

tendency for sub j e c t s  to  c luster in  the  middle-right area of 

0 6 

0 6 0 
0 

0 6 0 
6 

D O /f0 
QJGJ It �6A\ 0 6 0� 

0 6 6 000 6 � 
o 60 6 � 6 66 6 6 

� o 6� 6 � !jO lla 6 6 4. 

illftill 
o = CENTRAL THA I 6 = SOUTHERN THAI 
o = NORTHERN THAI 

6 00 6 6 
00 � 0 � 6 0 6 ex; 0 

[jJ 6 
6 6 0 

0 6 

D I M .  1 AVERAGE P I TCH 

F I GURE 8 

D imens i ons  1 and 2 from the I NDSCAL 4 - d imens i onal  sub j e c t  s p ace . 

the 
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A l-way analysis  of variance of t he mean subj ect weight s on each of the 

dimensions across the three Thai dialect subgroup s ,  however , does indi­

cate a s ignifi cant difference on dimension 1 - AVERAGE PITCH between 

the Central Thai and Southern Thai subgroup s ( F  = 7 . 08 , d f = 1 ,  

p < . 0 1 ) . No s ignificant di fferences were obt ained between Thai dialect 

subgroups on the se cond , t hird and fourth dimens ions . Though the mean 

we ight s for dimension 1 di ffer significant ly between Central Thai and 

Southern Thai , the considerable overlap b etween dialect subgroup s calls  

for caution in interpreting this  apparent di fference in the  perceptual 

spaces of these two dialect subgroups ( c f .  Brown 1965 : 5 9 ) . The e s sen­

t ial  homogenity of the perceptual space for the Thai group can be at­

tributed , at least in part , to  the fact that both Northern Thai and 

Southern Thai subj e c t s  were educated b idialectals who had had several 

years exposure to  Central Thai ; and the possib i lity that the di fferenc e s  

in t h e  phonologi cal  inventory of tones b etween t h e  three dialect sub­

group s were s imp ly not great enough to  induce di fference s  in the percep­

tual space ( for des cription of tones of Thai diale c t s , see Brown 196 5 ) . 

For s imilar apparent reas ons , Fox ' s  ( 197 4 )  multidimensional s caling 

analy s i s  of vowe l percept ion fai led to  demonstrate a di fference in the 

perceptual space s  ut ili sed by two dialect subgroup s of American Engl i sh . 

The e s sential  homogeneity of the perceptual space for the Thai group 

is further shown in Figure 9 .  Subj e c t s ' weight s on the third and . fourth 

dimens ions t end to c luster in the lower-right area of the plot  indi­

cat ing relat ive ly greater salience for DIRECTION than for SLOPE . 

( See FIGURE 9 next page . )  
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o 0 

o 

D I M .  3 D I RECT I ON 

F I GURE 9 

o 

LEGEND 

o = CENTRAL THAI 

/). = SOUTHERN THAI 

o = NORTHERN THA I 

o 

Dimens i ons 3 and 4 from the I NDSCAL 4 - d imens ional subj ect space . 

I V .  D I S C U S S I ON AND  C O N C L U S IONS  

Our data indicate t hat four dimensions underlie  t h e  subj e c t s ' dis­

similarity ratings of  the thirteen synthe t i c  st imulus tones . Of t he 

four dimensions , AVERAGE PITCH was t he most important factor t hat sub­

j ec t s  inc orporated into their perceptual j udgment s .  This dimension 

would appear to  be a lower-level audit ory dimension ; i t s  uti lisation at 

higher levels  of  lingui s t i c  processing i s  certainly not indicated by the 
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phonologi cal  inventory o f  Thai tones , or for t hat mat t er ,  the lexical 

tones of any tone language . Hombert ' s  ( 1 97 6 )  mult idimensional scaling 

analy s i s  of t he perception of tones of b i syllabic nouns in Yoruba ( t one 

language spoken in West Afri c a ) , interestingly enough , also extracted a 

dimension that was , in part , related to  the average fundamental frequency 

value of the vowe l in t he second syllab le . 

The emergence of the nontonal LENGTH dimension as a re lat ively im­

portant factor in Thai subj e c t s ' d i s s imilarity j udgment s i s  not at all 

surpris ing in view o f  the structure of t he stimulus set , and perhaps 

more importantly , the lingui s t i c  funct ion of vowe l duration in Thai . 

The contrast b etween long and short vowe ls ( e . g .  / h aa t /  ' s h oa t ' v .  / h a t /  

' to prac t i c e ' )  more than likely heightened the Thai subj e ct s ' sensit ivity 

to  this part i cular phy s ical property o f  the stimuli . 

The tonal t hird and fourth dimensions too seem to be of a more lin­

gui s t i c  nature . Both may be related to  p i t ch c harac teri s t i c s  that are 

not only used to signal phonologi cal distinct ions in Thai , but also  

other tone languages of t he world . On  t he DIRECTION dimension , it  may 

be observed that neither the ris ing nor falling tones c luster according 

t o  the b eginning or ending point . Thi s  sugge s t s  t hat the Thai subj e c t s  

perceived dire c t ion of p i t c h  movement in t he stimulus tone s , not as move­

ment 6�om a fixed point A �o a fixed point B ,  but inst ead as movement 

in a direction away 6�om A and �owa�d B .  On the SLOPE dimens ion , . it may 

be observed that the level t ones t end to separat e from t he contour tone s . 

Thi s  dimension may b e  related to  Abramson ' s  ( 19 6 2 )  proposed "stat i c "  

versus "dynamic "  c lassificat ion of the Thai tones . In his  Yoruba study , 

Hombert too found dimensions that were principally related to t he dire c­

tion and amount of change in fundamental frequency . The convergence in 

result s from the s e  two studies  c learly strengthens the c laim for the 

psychological reality of these dimens ions . 

The result s of a linear regression analys i s  supported our interpreta­

t ion of the dimens ions . Of part icular int erest i s  the close  corre spon­

dence  obtained between the third and fourth dimensions and Wang ' s  unit­

c ontour tone feature s . There i s  no physical  property of the st imulus 

set that would bias the obtained result ; indeed , one might have pre­

dicted t he emergence of dimens ions on which the st imulus tones c lustered 

acc ording to  begin point and/or end point . The fact t hat the decomposi­

tion of the c ontour stimulus tones  int o begin point and end pOint appar­

ent ly had little influence on Thai listeners ' perceptual j udgment s 

converges nicely with the tradit ional c lassifi cation of Thai as a 

" cont our tone language " ( Pike 194 8 ,  Ladefoged 1 9 7 5 ) . 

Contrary to expec t at i o n ,  individuals did not di ffer much acros s 

dialect subgroups .  This , of c ours e ,  does not mean t hat dialect member-
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ship may not have a n  influence on one ' s  tone percept ion . The dominant 

influence of t he nat ional language c ould be effect ively e l iminated or 

restricted through the use of monodialectal speakers of Northern Thai 

and Southern Thai diale c t s . With monodialectal speakers , we might then 

be ab le to  furnish more direct experiment al evidence bearing on Brown ' s  

( 19 6 5 : 5 9 )  rather appealing suggest ion that " c ontour" i s  more important 

than "register"  for Central Thai and Northern Thai dialect s ,  but t hat 

" register"  is more important t han " c ontour " for Southern Thai dialect s .  

Individual di fferences in tone perception have b een demonstrated acro s s  

language groups - Thai , Yoruba and American English ( Gandour and 

Harshman 1 9 7 8 ) .  

The percept ion o f  t one deals with how a l i st ener tran s forms , organises  

and structure s t he pitch  informat ion ari s ing from t he speech  signal . 

The nature o f  the dimens ions t hat emerged from t he INDSCAL analys i s  are 

c learly c ons i st ent with a proposal that information-bearing aspec t s  o f  

p i t c h  are organised in terms of s imple opposit ions ( b inary o r  n-ary ) 
along a number of independent dimens ions rather t han in t erms of a 

number o f  steps along one or a few dimens ions . Of the four dimensions , 

the second , third and fourth are apparent ly ut ili sed in s ignalling lin­

gui s t i c  c ategories in Thai , and consequent ly , s how a greater t endency 

toward b inarity . The se dimensions , though obvious ly not exhaust ive o f  

a l l  possibilit i e s , repre sent a beginning t oward a definition of a 

neces sary and suffic ient set of perceptually-based features of t one . 
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