
Dept. for Speech, Music and Hearing

Quarterly Progress and
Status Report

Perception of segmental
duration -

Carlson, R. and Granström, B.

journal: STL-QPSR
volume: 16
number: 1
year: 1975
pages: 001-016

http://www.speech.kth.se/qpsr

http://www.speech.kth.se
http://www.speech.kth.se/qpsr




STL-QPSR 1/1975 

I. SPEECH PERCEPTION 

A. PERCEPTION OF SEGMENTAL DURATION * 
R. Carlson and B. GranstrCIm 

Abstract 

Reasonable models of segmental duration have been proposed 
by aeveral research groups. These models a r e  mostly based on 
acoustic analysis. However, the question still  remains: how 
accurate does the descriptive model have to be if the perception 
sets  the l imits? Using different techniques we have tried to ce- 

I 
tirnate the perceptual need for accuracy in speech production as 
well a s  speech synthesis. 

In the second part  of the paper we have tried to map the per- 
ceptual dependence between segments within a word. This has 
been done with the aid of production experiments using synthetic 
speech. Questions that will be dealt with include the importance I 
of segment type and position relative to the stressed syllable I 
nucleus. 

* This paper will be presented at the Symposium on Dynamic 
I 

I 

Aspects of Speech Perception to be held in August 1975 in 
Eindhoven, The Netherlands. 
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Introduction 

Human speech i s  characterized by sloppy and precise articulatory movements 

with the acoustical speech wave a s  result .  The l is tener  has  to pin-point the cru-  

cial  events in this wave a s  well a s  to neglect unimportant distortions in order  to 

perceive the message. The durational s t ructure of a sentence has been studied on 

different levels. These studies show astonishingly small variance in certain por- 

tions a s  well a s  marked variation in others.  This paper deals with three questions 

within the a rea  of speech perception. a) How accurately can a l is tener  perceive 

segment duration? b) Is this process influenced by segment type a s  well a s  the 

duration of neighboring segments? c) If a segment duration is changed, what com- 

pensatory effects does a l is tener  expect? 

In the classical  study Speech:Articulation and Perception, KOZHEVNIKOV and 

CHISTOVICH(i6) presented evidence that the durational s t ructure of a sentence i s  

preplanned and that the open syllable is an  important unit in  this process.  The a r -  

ticulatory process is changed by sequential commands a t  preplanned times. This  

would resul t  in  compensatory effects in  speech production giving r i s e  to a length- 

ening of one segment when the following one is shortened o r  vice versa.  Similar 

resul ts  have been presented by LEXISTE ( f  7). These findings have been put into 

question by OHALA (21) claiming that a "chain model" ("rrake things a f t e r  each 

other,") might be as relevant a s  "the comb model" ("keep the preplanned structure"). 

Fur thermore  OWALA discusses the influence of imprecise segmentation, speaking 

ra te  and the s ize  of analyzed portions when considering the advantages and disad- 

vantages of these models. If the "comb model" i s  the most  basic one we would ex- 

pect compensatory effects in  speech perception in o rde r  to minimize the influence 

of local disturbances during the decoding of the message. If the opposite model is 

t rue  there is no immediate need for such a behavior. A s  should be shown we find 

evidence for  both models in our  data and the purpose i s  not to reject  one o r t h e  

other. 

Reasonable models of vowel duration have been proposed by severa l  research  

groups. These models a r e  based on analysis and production experiments (5, 7 ,  18, 

19, 2 0 ) .  and have been shown to convey perceptually important cues,  signalling po- 

sition and s t r e s s  within the word and the sentence (4). In a s imi lar  way the s truc-  

tu re  of clusters  and syllables has been studied (9, 10,  15, 22). However, the 

question st i l l  remains: how accurate  does the descriptive model have to be if the 

perception se ts  the l imi ts?  





The words were  recorded i n  an anechoic chamber and manipulated with a "tape 

splicing" computer program. In this program the speech signal could be inspected 

and marked so  that e. g. certain par ts  of the signal could be  deleted o r  doubled by 

commands from the operator.  By means of this method t e s t  tapes with macipulated 

versions of the original were produced. 

The stimuli were presented a t  a comfortable sound p ressure  level to l is teners  

wearing head se ts  (HD 414). Words, segment durations, manipulated segments, 

number of subjects, number of responses for  each stimulus and so  on a r e  present- 

ed for  each experiment in Table I-A-I. 

Exgeriment 1 - ------ 
In this experiments two words were tested (plasta, plasma) (see Table I-A-I). 

Segment durations were changed in order  to study discriminability. The durations 

of the "st' and the "t" in /plasta/ were furthermore changed keeping the total dura- 

tion of the cluster  constant. The experiment was designed a s  an ordinary ABX 

tes t  where X could be either A o r  B. The subjects l istened to t r iads  and had to 

wri te  down if X sounded like A o r  B. The reference occurred  a t  leas t  once in each 

triad. The tes t  was balanced s o  that no within-the-triad sequential effects could 

influence the result ,  i. e. each manipulated stimulus resul ted in  four  t r iads (ABA, . 
ABB, BAA, BAB). The t r iads  were randomized and presented in sequences of 100 

with a pause af ter  50. The f i r s t  and las t  two tr iads were rejected. The resul t  is 

presented in Fig. I-A- 1. 

The graphs show the number of incorrect  responses. Random responses a t  50 

O/o. The 5 % and 1 O/a levels a r e  also indicated. All comparisons a& made inbe- 

tween the reference, marked in the middle of each graph and  a distorted stimulus 

marked along the X-axis. Four points should be made about the result .  

(a) The vowel is clearly m o r e  discriminable than the consonants (Fig. I-A - ic). That 
i s  correc t  even in  relation to the voiced nasal (Fig. I-A- ie). 

(b) A compensatory change of the phoneme boundary inbetween s and t i s  harder  to 
perceive than a change of a single consonant duration (Fig. I-A-  l a ,  lb). Com- 
pensatory effects exist a t  the level of discrimination. 

( c )  Some subjects complained describing the test  a s  "boring" and ."difficult1'. 

(d) How much does the test  design influence the resul t?  The short t e rm memory of 
the subjects has  to be used during the similarity estimation and three  stimuli 
might introduce memory restrictions. 

Exgeriment 2 - ------ 
In this experiment segments in five tes t  words were studied. Three words 

" l a z a " ,  "plattaw, - "ramma" - containing phonologically long consonants were used 

and compared to a single word "astma" containing all  three  consonants a s  a medial - 
cluster.  An expanded tes t  on the word "plasta" was included. 

Because of the remarks  ( c )  and (d) in experiment 1 the test  design was changed 

to an ordinary AX procedure. The subjects listened to stimulus pa i r s  and marked 

I 



T a b l e  I-A-I 

& 

Experi-  
ment  1 

Experi-  
ment  2 

Experl-  
ment 3 

Tes t  
type 

A B X  

ABX 

A X  
w 

A X  

AX 

A X  

A X  
1 

Word 

plasta - 
plasma - 
la s s a  - 
platta - 

Figure  

IA-Ia-b 

IAic-e 

h4-2 a 

A- 2 b 

X 

. 

Variation i n  
single segment 

s, t 

a ,  s ,  m 

s 

t 

14 plasta - s 

~ n s w e r s / m a n i -  . 
pulated st imulus 

16 

I 6  

14 

14 

14 112 r amma - 
as tma  - 
plasta - 

3 3 6 42 a s ,  s t  

Answers / re fe r -  
ence st imulus 

0 

0 

112 

112 

- 
s t ,  t m  

a s ,  s t  

Compensatory 
variation between 
segments 

st 

- 
- 

- 
a - 2  c m 

a ,  s ,  t ,  m 

a ,  s.  t 

IA-3a- c 

A 

7 

8 

13, 14 

Number of 
subjects 

2 

4 

7 

7 

16 

26 ,  28 

336 

536 

IA-2a-f 

IA-3d-f 



STL-QPSR 1/1975 6. 

on the answering sheet if they perceived them a s  same o r  different. This type of 

test demands a fair portion of equal pairs in order to balance the two alternative 

responses. The increase of stimuli is a drawback. However, the subjects do not 

give a 100 % "similar" on equal pairs and the responses on these could be used for 

estimating the chance level and setting of significance levels. Fig. I-A-2, I-A-3d-f pre- 

sent the result. Significance levels could be related to Fig. I-A - 1. The result i s  sum- 

marized below and will be more generally discussed in the conclusions. 

(a) As expected from experiment 1 the perception of the vowel (Fig. I-A-2d, I-A-3d) is 
more critical than the consonants. 

(b) Compensation within a cluster decreases the possibility of perceiving duration vari- 
ation (Fig. I-A- 2e, 3e, 3f). This is also the case for the unvoiced stop voiced 
nasal boundary which in this case is a syllable boundary ( ~ i g .  I-A-2f). I 

(c) No general trend could be found for the single consonant/consonant 'cluster re-  
lation. The "s" seems to be rather unaffected of the position despite the change 
of the actual reference duration. This is in disagreement with psychoacoustical 
findings. The "t" follow these findings but the t'mtl i s  contrary to them. 

(d) Compensation inbetween the vowel and the fricative (Fig. I-A-3d) does not influence 
the perception. This might be interpreted a s  a manifestation of the perceptual 
need for "correct" vowel length, a need stronger than perceiving the duration 
balance between syllables. This will be studied more i n  the production experi- 
ment below. 

(e) Finally, some comments on peculiar points in Fig. I-A- 3e. The two leftmost points 
in the compensated word give contradicting information. Comparing the same 

. points in experiment 1 (Fig. I,-A- I@) we find evidence to suspect that the second left- 
. . most point in Fig. I-A-3e i s  misleading. A more detailed analysis gives the re- 

sult that one of two stimuli carries' 80 '$0 of the dissimilar responses for this 
. 

point. 
I 

Exgeriment 3 - ------ 
This experiment was designed to test the acceptability of stimuli used in some 

of the discrimination tests. Manipulated versions of the word "plastal' were re -  

corded and presented to the subjects. The acceptability was estimated on a scale 

from zero ("acceptable") to ten ("not acceptable1'). More details a r e  presented in Table 
n 

I-A-I, The results a r e  presented in Fig.  I-A-3a-3c and should be compared to the 

result of the discrimination test in Fig. Z~A-3d-3f. 

Conclusions can be summarized in  four points. 

(a) As  expected from earl ier  experiments (HUGGINS) the duration of the vowel in- 
fluences the acceptability more than that of the consonant~.  

(b) The compensated manipulation of the " stt1 cluster doesn' t a t  least lower the ac- 
ceptability level. However, a positive change i s  hard to defend with our data. 

(c) The discrimination method i s  far more sensitive to durational change but the 
close agreement inbetween the two experiments i s  obvious. 

(d) Astonishingly great duration variation is accepted. 

Production experiments with synthetic speech 

As  mentioned in the introduction we have tried a production paradigm to look 

into the durat ional interaction within a word. An advantage with a production ex- 

periment i s  that it gives a direct figure of preferred length and also an  accuracy 

, , - -  , ? "  I 
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Fig. 1-A-I. Results  f rom the ABX te s t  in experiment 1. In the t r iads  one of the f i r s t  
two stimul'i was always unaltered. The horizontal axis shows the duration in m s e c  
of the manipulated segment indicated below the right side of the squares .  The . 
number in the middle i s  the original length of the segment. The vert ical  ax is  
shows the number of incorrec t  responses.  The 50 O/o line indicates chance level. 
Points below the 5 % and I % line respectively a r e  significantly different a t  these 
levels. Solid l ines r e f e r  to manipulations of one segment only. Dotted l ines in  
Fig. "a" and "b" correspond to stimuli where the total length of the cluster  "st" 
was kept constant (compensation). 



+ A  
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Fig. I-A-2. Resul ts  f r o m  the A X  t e s t  i n  experiment 2. A t  l e a s t  one s t imulus  in a 
pair  was unaltered.  The  horizontal  axis  shows the duration in m s e c  of the mani-  
pulated segments ,  indicated with capitals.  Note that t he re  a r e  two sca l e s  i n  
Fig. "a", "b", and "c"  re fe r r ing  to single consonants (top, solid line) and c lus t e r  
consonants (bottom, dotted l ine).  The number  in  the middle  i s  the or iginal  length 
of the segment.  In Fig.  "e" and "f", where the total  duration of "st" and "tm" is 
kept constant,  the  horizontal s ca l e  i s  the duration re la t ive to  the or iginal  length. 
The  absolute values of these segments  can be seen  in Fig. "a", "b" , and "c", bot- 
tom scale .  The ver t ica l  axis  i s  number of "samef1  responses .  The  50 '% l ine  in- 
dicates  mean  number  of s a m e  responses  for  equal pai rs .  Responses  below the 
5 % and 1 7% respectively a r e  significantly perceived different a t  these  levels.  
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The basic durational s t ructure of the utterance was copied from natural 

speech. 

In a preliminary experiment PO, Fig. I-A-4 the word tfplasta" was presented in 

pa i r s  where the duration of the f i r s t  "a" in  the second word was randomized and 

the "s"  duration of the same word was adjusted. This situation with a fixed ex- 

ternal  reference turned out to favor the rhythmic (i. e. vowel onset) criterion 

with 80 70 estimated compensation (i. e. negative slope of -. 80 of the regression 

line). This i s ,  however, a quite unnatural situation and the experiment only tells 

us  that a n  almost perfect compensation could occur under certain conditions. 

In the further  experiments we have worked with a word embedded in a sen- 

tence without a n  external reference, "nu ska vi baten", where the test  word 

c a r r i e s  the sentence s t ress .  

We wanted to map the perceptual dependence between segments within a word 

of quite common structure under a corldition where the weight of different cr i te-  

rion should be reasonably s imilar  to a normal listening situation. Questions that 

will be dealt with in connection with the individual experiments include the impor- 

tance of segment type (consonant-vowel, voiced-unvoiced, same o r  different place 

of articulation) and position relative to the s t ressed  syllable nucleus. Needless to 

say we will only be able to draw conclusions about perceptual demands which might 

(or might not) influence temporal adjustments in r ea l  speech production. 

In experiment Pi presented is Fig. I-A-4 we duplicated experiment PO, i. e. the 

f i r s t  t ta lf  randomized and "st' adjusted but now in sentence context and adjusted to 

the subjects' internal reference. As  can be seen no o r  almost no compensation 

occurred.  Possible asymmetries  were tested b y  randomizing "st' and adjusting 

"a'' (experiment P2).  The picture i s  not entirely clear  (Fig. I-A-4). One subject has 

a compensation of 19 OJo but this figure rel ies  quite heavily on the single s = 40 

m s e c  point which was quite an  extreme stimulus. The other subject showed a 

slightly positive slope of the regression line. These deviations f rom the no com- 

pensation .hypothesis a r e  however not highly significant. 
I 

The next experiment P3 ("t" randomized, I t s "  adjusted) tested the compensa- 

tion within a post-vocalic consonant cluster "st". Here  a substantial amount of 

compensation was preferred,  41 O/o and 60 '70 for the two subjects (Fig. I-A-5) (the 

standard deviation in compensation can be estimated a t  8 % and 13 % resp . ) .  One 

question to be answered is whether this ease of compensation i s  due to the shared 

place of articulation. 

In experiment P4 we changed "plasta" for  "plaska" randomizing "k" and adjusting 

"st ' ,  Fig, I-A-5.  As can be seen both subjects showed l e s s  compensation. The 

decrease  is however much smal ler  than the remaining compensation. It might be i 
i 

argued that the postvocalic cluster ,  even though morphologically associated with 
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F i g .  1-A-4. Vowel-consonant interaction. Results f rom production experiments using 
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i s  the randomized duration of a segment indicated by capitals. The vert ical  axis  i s  
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1 
i 

sion lines the slopes or which a r e  given in the low left corners .  When two lines a r e  

I 
drawn the data f rom the two subjects a r e  separated (straight line - c rosses ,  dotted 

i line - c i rc les ) .  In experiment PO the t e s t  word i s  presented af te r  a reference.  In 
/ experiment Pi thxough P8 the t e s t  word i s  embedded in t h e  sentence "nu ska vi 

bsten". 
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the preceding vowel, tends to be m o r e  related to the following vowel nucleus (i. e. 

open syllables a s  basic units (16) ). 

Experiment P 5  (f i rs t  "a" randomized, "1" adjusted, Fig. I-A-4) tested the inter-  

action between prevocalic consonant and the s t r e s sed  vowel. In this case  a slight 

(but not highly significant) compensation was demonstrated. In this  position 

HUGGINS (14) could not find any indication of compensation taking this , s  an argu- 

ment  for  the vowel onset hypothesis. However, i t  i s  conceivable that the voiced 

charac ter  of the "1" made the "la" function a s  a unit ("1" i s  par t ly  aspirated in this 

position but the par t  subjected to variations was entirely voiced). If this was t rue  

we should find a difference in  the demand for compensation in a totally voiced o r  

unvoiced o r  just partially voiced consonant cluster.  

F o r  the mixed cluster  in experiment P6  randomized and "1" adjusted, Fig. 

I-A-5) we can see  a compensation of close to 30 OJo for both subjects. By the way, 

we can s e e  that the subjects in this case  have clear ly different internal  references 

(15 m s e c  difference in  prefer red  "1" length). Looking a t  the all-voiced cluster  

(=xperiment  P7, "b" randomized, "1" adjusted in  "blastau, Fig. I-A-5) we find a very 

s imi lar  amount of compensation 28 % indicating that the voicing is not an  important 

determinant for  temporal grouping. This figure compares  nicely with the 35 ?& 
mean  compensation in  the final non-homorganic all-voiceless cluster  in experi-  

ment  P4. Comparing prefer red  "1" durations in experiments P 6  and P 7  we can  

note an  interesting detail. The durational difference between aspirated and unas- 

pirated "1" that has  been observed in natural speech (10, 15) i s  nicely reproduced 

v a n  a n d  a regress ion  line for durations I 

i n  our  experiment supporting the view that allophonic variations of this  kind have 

r e a l  perceptual significance. plAsta 

- 
Fig- I-A-6. F i r s t  A adjusted when last  A of the secondary "a" exceeding 100 msec. 
randomized. See Fig. I -A-4  for fur ther  ex- 

csec 
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The slope cf this l ine i s  .97 pointing towards a demand on temporal  balance be- 

tween the two syllables. The degree of emphatic s t r e s s  on the word inc reases  

with increased length of the two vowels. It should however be kept i n  mind that 

the second vowel c a r r i e s  secondary s t r e s s  with a distinctive intonational pat tern 

in  focus position. Truly unstressed vowels may behave m o r e  l ike consonants and 

be m o r e  apt to compensation a s  suggested by I-IUGGIT4S (14). 

The resul t  f rom the production experiments Pi through P8 a r e  summarized 

below in  t e r m s  of mean slopes of the regression lines. Ar rows  point a t  adjusted 

segments. 

General  discussion 

F r o m  severa l  studies w.e know that a number of factors  a r e  important in  de ter -  

mining the durational s t ruc ture  of an  utterance such a s  segment type, s t r e s s ,  I 

quantity, vowel quality. degree of emphasis,  position within a word o r  a phrase .  

etc. Our  pr ime concern has ,  however, been with the precis ion and the  interaction 

between segments within a word asked for by the perceptual system. Even i f  o u r  

resul ts  a r e  prel iminary in  nature and in some instances lacking a high degree of 

statist ical  significance we believe that i t  is possible to summar ize  o u r  conclusions 

under the headings below. 
I 

Relation topsychoacoust ics  - - - - - - ------- 
Results f rom tone, noise,  and silence discrimination could not explain the dif- 

ference in discriminabili ty of durations in speech. The r e su l t s  presented b y  

FUJISAKf et al. that a l l  segment types were  equally discr iminable were  not repro-  

duced in our  experiments. It should, however, be kept in  mind that their  r e su l t s  

were obtained in  a phoneme boundary condition. 

I ---- Accuracy --- of segmental --------- duration 

Vowel durations showed to be mos t  crucial  in the discrimination and rating ex- 

periments ,  indicating that vowel length is m o r e  important than the duration between 

vowels o r  vowel onsets. In the production experiment, however, no reliable differ- 
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