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11. SPEECH PERCEPTION 

A. SOME TIMING AND FUNDAMENTAL FREQUENCY CHAR - 
ACTERISTICS OF SWEDISH SENTENCES: DATA, RULES, 
AND A PERCEPTUAL EVALUATION" 

R. Carlson, B. Grans t rom,  B. Lindblom, and K. Rapp 

Abstract  

The purpose of the present  re r t  is  1) to examine the generality of f i7 f some re su l t s  previously obtained or vowel duration in Swedish accent I 
words,  2) to propose a set  of ru l e s  for computing segment durations and 
fundamental frequency contours for utterances consisting of one or  a 
sequence of several  such words,  and 3 )  to investigate the perceptual func- 
tion of the se rules .  Evidence i s  presented indicating that if  modified some - 
what to account for "initial langthening" effects, the quantitative description 
developed ea r l i e r  (1) can be used to describe a l so  durational data on seg- 
ments  embedded i n  ph rases  longer than a single word. This generaliza- 
tion i s  reflected in the fact that the timing rules  apply recursively a t  the 
word and the phrase levels.  The F, ru les  operate on the output of the 
timing rules . -  The r e su l t s  of a s e r &  s of perceptual tes t s  involving syn- 
thetic speech stimuli show that t h e  ru les  appear to play a perceptual role 
in that they markedly facilitate the identification of syllables a s  s t ressed  
o r  unstressed. They a lso  seem to contribute towards making judgments 
of word boundary position more  accurate .  

Summary of word level data 

A previous paper reported on data and ru les  for the duration of phono- 

logically long s t ressed  vowels in Swedish accent I words('). The resu l t s  

of these measurements  a r e  exemplified in Fig. 11-A-1 in which the duration 

of the vowel i s  plotted a s  a function of number of syllables pe r  word (word = 

1 s t ressed  + 0-3 unstressed syllables). The formula elaborated to account 

for  these data contained the number of syllables raised to a power and a lso  

the number of syllables left to produce a t  the beginning of each syllable. A 

reasonably good fi t  to the data i s  obtained with the aid of this rule a s  can be 

seen f rom Fig. 11-A- I .  

Generality of findings 

The rule presented so  fa r  i s  based on data pertaining to the phonological- 

ly long, s t ressed  vowel in:]. Fig. 11-A-2 shows average durations of the 

phonologically short  s t ressed  vowel [a!, the same vowel in unstressed syl- 

lables and the consonant Ed3 under s t ressed  and unstressed conditions. 

- -- 

JS Ari ora l  version of this paper was read a t  the 3rd Annual 
Phonetics Symposium, University of E ssex,  Jan.  1973. 
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Fig. II-A- I. Duration of the phonologically long s t r e s s e d  vowel [Y, : 1 
a s  a function of number of syllables p e r  word.  Observed 
duration compared to durations predicted by rule. P o s i -  
tion of the vowel in  the word is plotted f rom left to right. 
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Fig. 11-A-2. Observed duration of unstressed [a 2 ,  s t ressed  La 1, 
unstressed [ d 1 , and s t r e s sed  I d  ] a s  a function of 
number of syllables per  word. The position of the 
segments in the phrase is plotted f rom left to right,  
the leftmost point pertaining to the initial s t r e s s  group 
(word) and the rightmost to the final one. 
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Per 

Per  g5r  

Pe r  gAr snabbt 

Pe r  g%r  snabbt d i t  

Kat r in  

Katr in  f % r  g3 

Katr in  f a r  g8 idag 

Katr in  f a r  ga s% s n a r t  hon kan 

Larson 

Larsons P e t e r  

Larsons P e t e r  s junger 

Larsons P e t e r  s junger vacker t  

-v 

- Q - u  

c u - v - w  

, y - u c w - w  

L i l l e  Pe r  UY-  

L i l l e  Per  s k u l l e  r o  V V -  YY- 

L i l l e  P e r  s k u l l e  r o  t i l l  s i n  ko u u - v w -  uu- 

L i l l e  P e r  s k u l l e  ro  t i l l  s i n  ko under bron er -u@-- ' -vv -  

Brijderna -Y Y 

Braderna k6per s i g  -Y Y -UV 

Brijderna k8per sig Marabou ,*Y - V Y - v w  

Brijderna kSper s i g  Marabous Aladdin - ( I ~  - V Y  - (I*-.IY 

Table 11-A-I. 
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The vowel was considered to s t a r t  a t  the re lease  of a preceding rd  1 and 

end a t  the beginning of the occlusion of a following [d  1 (rapid drop of 

intensity). 

Re sult s 

The resu l t s  fo r  one subject appear in Fig.  11-A-3. The figure might 

need some explanation. Let u s  take the upper left box a s  an example. 

Each  data point per tains  to a mean of five repetitions of a s t ressed  vowel. 

Duration i s  plotted a s  a function of number of main s t r e s ses  (or  s t r e s s  

groups,  o r  words) pe r  phrase.  Position of the s t ressed  vowel in the 

phrase is  plotted from left to right. 

The same effects that appear on the word level can be found on the 

phrase level viz. ,  that the longer the phrase or  utterance (the greater  

the number of rnain s t r e s s e s  o r  words),  the shorter  the duration, and 

that s t ressed  vowels of initial and final s t r e s s  groups tend to be lengthened. 

The timing rules  

In the experiments to be described below reference will be made to a 

system of timing ru les  developed on the basis of the data discussed above. 

The se rules  a r e  in fact made up of a single mathematical expression 

which can be applied recursively a t  the word and phrase levels. They 

can be summarized a s  follows 

SEGMENT DURATION = k *  D 

2 m 
W 

(1) 

n s f  
f 7% 

nf * n  w 
W 

where 
k r e f e r s  to s t ressed/unstressed 

ks t r  = 
kunstr = 5 
D i s  a constant which assumes  the value 350 m s e c  for vowels 
and 155 m s e c  for consonants 
nf = number of s t r e s s  groups per  phrase 
rnf= number of s t r e s s  groups in the phrase left to produce 
n,= number of syllables per  word 
m = number of syllables in the word lef t  to produce 

f-  
hCf - aw = 0.4  
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A correction for lengthening in word-initial and phrase-init ial  positions 

was a l so  introduced. The mean value of the durations calculated for  

initial and final position was considered a good f i r s t  approximation. 

Fundamental frequency analysis of the phrase mater ia l s  

The preceding data were taken f rom one subjec t ' s  reading of a l im-  

ited number of utterances.  Several questions may be ra i sed  concerning 

the generality of the resul ts  obtained. It appears  clear  that there a r e  

many variables that a r e  potentially capable of influencing segment dura - 
tions a t  the phrase level,  many of which have to do with "extra-linguistic" 

fac tors  e .  g . ,  individual speaker character is t ics .  Thus a natural exten- 

sion of the present  study would be to look a t  several  other speakers  reading 

s imilar  mater ia l s .  Another question raised by the present  findings con- 

cerns  the perceptual function of the temporal regular i t ies  observed. If 

it could be shown that b e  effects of the timing rules  descriptive of the 

present  subject'  s pronunciation habits play some role in the perception 

and the identification of the propert ies  of an  utterance we would have 

reason to take an intere s t  in the regular i t ies  not only because they a r e  

in fact regular (and might therefore tell  u s  something about the organiza- 

tion of this p e r s o n ' s  speech production system) but because they a r e  

functional and communicatively motivated. Our f i r s t  step was to t r y  to 

establish whether the lawful patterns found so f a r  serve any perceptual 

purpose o r  should be regarded ra ther  a s  a perceptually purposeless idio- 

syncracy of the present  speaker '  s speech. We intend to look a t  data f rom 

several  other speakers  f rom a s imilar  point of view in the future. 

The evaluation of the rule s was to be performed comparing human and 

synthetic speech and was to make use of synthetic speech samples p ro -  

duced on the basis  of the present  a s  well a s  an alternative set  of timing 

I rules .  Such a tes t ,  11 owever, presupposed ru les  a l so  for the generation 

of fundamental frequency contours. In order  to devise such rules  and to 

provide some general information on the interdependence between Fo and 

timing the following data were examined. 

Narrow-band spectrograms were produced of the non-sense phrase 

mater ia l  and t racings of Fo contours were made. In Fig. 11-A-4 a r e -  

presentative example can be seen. The solid l ines show the course of 

Fo during s t ressed  vowels. The dotted l ines a r e  smoothed curves based 



-2 X .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 sec 

Fig. 11-A-4. An observed fundamental frequency contour compared 
with a synthesized one computed with the aid of a se t  
of timing and Fo rules.  Solid pa r t s  of the bulging line 
represent  s t ressed  vowels while the base line of each 
contour i s  regarded a s  a sentence intonation component. 
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chiefly on the Fo values a t  the midpoints of the unstressed vowels. Seg- 

mental details such a s  the typical r i se  in Fo after the voiced stops a r e  

hence not taken into account. 

Some interesting observations can be made for this material. The 

contours may be regarded a s  the result of two superimposed effects; 

sentence intonation and s t ress  marking. For  this speaker the sentence 

intonation can be consistently described a s  an Fo fall during the whole 

sentence. Each wave in the Fo pattern seems to be associated with a 

stressed vowel in a rather predictable way. The minima in the curve 

occur during stressed vowels and the maxima typically during unstre s sed 

segments. This may seem rather counter -intuitive but similar effects 

have been observed in other Swedish speech materials(3). The actual 

placement and form of the stress-marking may, however, well be dialect 

(and/or idiolect) dependent(4' 5). The peaks of the Fo wave s show positive 

correlation with the length of the associated (=preceding) stressed vowel 

a s  can be seen in Fig. 11-A-5. 

The F, rules 

If these observations a r e  simplified and formalized a set of three or - 
dered rules appears sufficient to generate synthetic Fo contours. These 

rules should apply af ter the time structure has been derived. 

1. LOCATE MINIMA. In boundary words (initial and final) the minimum 
i s  placed a t  the onset of the stressed vowel, otherwise in the middle. 
An extra minimum i s  placed a t  the end of the sentence to terminate 
the last  wave. 

2. CONNECT MINIMA with waves, the peaks of which a r e  determined 
from the straight line in Fig. LI-A- 5 ,  and a knowledge of the dura- 
tions of the stressed vowels. The form of the wave i s  arbitrarily 
chosen to be one period of an inverted cosine adjusted to s tar t  and 
end a t  zero. The period length i s  the time to the next specified min- 
ima. 

3. ADD THE SENTENCE INTONATION (A linear fall from 120 Hz to 
90 Hz). An example of the outcome of these rules can be seen in 
Fig. 11-A-4. Some minor discrepancies a r e  of course evident but 
the que stion remains, whether these a r e  perceptually or  communica - 
tively important. 

Perceptual evaluation 

The duration and F, rules a s  formulated above should give fairly 

accurate values compared with human speech samples. If used in a per - 
fl- 

ceptual evaluation in$blving non- sense materials  the rule -generated 
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Fig, 11-A-5. Deviation of Fo peak from the underlying 
sentence contour a s  a function of the dura-  
tion of the preceding s t ressed  vowel. 





FINAL WORD -u 
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Fig.  11-A-6. Composition of stimuli used in the test. 
A sample is  shown below the matrix.  
( V = unstressed - = s t r e s sed  syllables). 



Fig. 11-A-7. Comparison of na tura l  and rule-generated 
durrrtions f o r  st imuli  differing only in the 

' f i r s t  word boundary position. Vert ical  
l ines  indicate word boundaries,  

n - n = natura l  
o - o = rule synthesis I1 and 111 



Fig. 11-A-8. Result  of perceptual evaluation. The absc issa  
r e fe r s  to the different kinds of st imuli  used 
(see  the text). 
s - s  co r rec t  transcription of sequence in 

t e r m s  of s t ressed/unstre  ssed syllables. 
R-R correc t  transcription of syllable sequence 

and word boundary. ' 

C-C co r rec t  transcription of word boundary 
derived f rom curve R and s. Statistically 
corrected for chance. F r o m  te s t  A. 

W - W  cor rec t  word boundary position when syl-  
lable sequence is  given. Statistically cor - 
rected for chance. F r o m  tes t  B. 



STL-QPSR 4/1972 

with the two extremes, the human voice and the simple rule synthesis. 

It follows from this result  that a correc t  position of word boundary i s  

more probable to occur by chance in the case of SII and SIII since a 

correctly identified s t ress  pattern i s  a necessary condition for a cor-  

rec t  word boundary judgment. The "R - R" curve give the percent 

correc t  s t r ess  pattern and word boundary assignment. Now if the 

chance component referred to above i s  used to normalize the R curve 

a new curve labeled "C C" i s  derived. The C curve shows the 

percent correctly identified word boundary positions in te s t  session A 

and includes a correction for chance. In session B the subjects had the 

simple task to indicate one single word boundary. This result  can also 

be corrected for chance the resul t  of which i s  shown in curve IfW -Wff. 

The similarity with curve C is  striking. 

Discussion 

The resul ts  seem to indicate that none of the synthesized stimuli 

convey any useful word boundary information. Listening to the tapes 
I 

however gives you a different impression. It might well be that a con- 

siderable amount of the test  material  minors very improbable word 

boundary positions and that Swedish subjects have a built-in response 

bias that becomes operative especially if the stimuli a r e  not too far  a -  
I 

way f rom natural speech. In order to test  this hypothesis we divided 

the stimulus materials  in two groups. The cri ter ion was response ac  - 
curacy for human speech stimuli. The most natural pa r t  was defined 

a s  the ensemble of stimuli giving better than 80 '$0 correc t  responses in 

this case. The other part  contained stimuli giving 35-65 '$0 correc t  

response s under the same conditions. 

The resul ts  on word boundary judgments in tests  A and B can be 

seen in Fig. 11-A-9, where the above -mentioned dichotomy i s  made. 

The dotted line indicates estimated chance level. We conclude that for 

the par t  giving the best score (crosses)  the timing illformation in SII 

and SIII does in fact contribute to the word boundary identification. 
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