
nun-___ 

283 

SOME EFFECTS ON INTELLIGIBILITY OF INAPPROPRIATE TEMPORAL 

RELATIONS WITHIN SPEECH UNITS 

A .  W. F .  Huggins,  Bo l t  Beranek and Newman Inc ,  5 9  Moulton S t r e e t ,  

Cambridge, Mass B 2 1 3 8 ,  U.  S .  A .  

The purpose o f  t h i s  paper i s  t o  make two arguments .  The 

f i r s t  i s  t h a t ,  desp i te  severa l  f a i l u r e s  tx: f imd such e f f e c t s ,  

badly d is tu rbed  speech t iming,  such as  occurs  o f t e n  in the speech 

o f  the deaf for  instance,  i s  a su f f i c i en t  cause for  catast rophic  

loss o f  in te l l ig ib i l i ty .  I f  the timing is  su f f i c ien t ly  disturbed 

that the l i s t ene r  cannot i den t i f y  the p a t t e r n  o f  s t r e s s e d  

syllables in the sentence -- o r ,  perhaps, i t s  rhythmic pat te rn  - -  

the sentence wi l l  be unintell igible even though v i r tual ly  al l o f  

the phonemes are  c lear ly  ident i f iable in subsequent l is tening.  

I f  the l is tener perce ives a stress/rhythmic pat te rn  that i s  

d i f f e r e n t  f rom that  intended by the speake r ,  he i s  

"garden-pathed" away f rom the c o r r e c t  u t t e r a n c e ,  and i s  no t  able 

to  recode the indiv idual  phonemes in to the words  they represen t  

befo re  they fade from audi tory short- term memory. 

The second argument i s  that a reason fo r  e a r l i e r  f a i l u res  to  

f ind strong relat ionships between timing and intel l ig ibi l i ty i s  

that a l is tener cannot est imate the e f f e c t  o f  a part icular timing 

d is to r t ion  on speech intel l igibi l i ty i f  he knows what the 

sentence says .  Th is  f a c t  i s  a l ready well  known. I t  fo rms the 

basis o f  a p0pu1ar way o f  impressing an audience wi th  the 

f ide l i ty  o f  aa speech vocoding system: a demonstration tape i s  

prepared in such a way that the audience already knows what the 

t e s t  sentence i s  b e f o r e  they hear i t  as  p rocessed  by the system 

whose performance is  to be proved. What is  EEE so well known is  

how easy i t  is 1x) f a l l  in to the t rap  s e t  by t h i s  f a c t .  To be 

b lunt ,  although I was v e r y  aware o f  the e f f e c t ,  I f e l l  in to the 

t rap (Huggins, 1 9 7 8 ) ,  and i f  i t  can happen t o  me, i t  can happen 

to anyone! 

§p§§ch o f  the Deaf 

A major  reason for  t ry ing to understand speech timing i s  the 

need to  improve the intel l igibi l i ty o f  deaf  speakers.  Faulty 

t iming has been implicated in poor i n te l l i g ib i l i t y  by v i r t ua l l y  

eve ry  ma jo r  s tudy o f  dea f  speech th i s  cen tu ry ,  but th i s  knowledge 

has not led to  the development o f  e f f e c t i v e  training methods. 
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The most frequently c i ted ways in which the timing o f  deaf 

speech d i f f e r s  from normal speech are  (1) slower overall r a te ;  

( 2 )  more and longer pauses, o f t e n  inappropriately placed; 

(3 )  inadequate d i f ferent iat ion o f  s t ressed and unstressed 

syl lables; and ( 4 )  excess ive lengthening o f  some segments, 

especially stops and f r i ca t i ves  (e .g .  Nickerson, 1 9 7 5 ) .  Let us 

consider the foregoing factors in o rder .  Deaf speakers normally 

t ake  much longer to produce a spec i f ied  u t te rance than do 

normal-hearing speakers. But to the extent that the slower ra te  

is a result o f  linear stretching o f  the time scale, slower speech 

should be Eggs rather than less  in te l l ig ib le.  One usually speaks 

slower (and also more precisely) to  someone who has d i f f icul ty 

understanding, such as a child or a foreigner.  Furthermore, when 

recorded speech is instrumentally expanded in time by a factor o f  

four, intell igibil i ty is not a f fected although the speech becomes 

tedious to l isten to.  

Similarly, i t  would be very surprising i f  the addition o f  

appropriately placed pauses had a degrading e f fec t  on 

in te l l ig ib i l i ty .  Pauses can be used to  mark  expl ic i t ly  the 

boundaries between groups o f  syntact ica l ly  re lated words.  

Boundaries so marked need not be i n fe r red  from more subtle cues,  

and the presence o f  syntact ical ly appropr iate pauses should 

therefore simplify' rather than «complicate reception. Further, 

the pauses effect ively give the l istener additional time to 

decode the message, and this too lightens rather than increases 

the processing load (Aaronson e t  a l ,  1971 ) .  

The occurrence o f  inappropriate pauses ra ises  a d i f f e r e n t  

issue.  Inappropriate pauses occur also in normal speech, where 

they are interpreted as hesitation pauses. These do not appear 

to interfere with intell igibil ity. However, l isteners are much 

more sensitive to the presence o f  inappropriate than appropriate 

pauses, the threshold for their detection being almost f ive times 

smaller (Boomer and Dittmann, 1 9 6 2 ) .  Presumably, then, i f  

inapproPriate pauses were interpreted as hesitation pauses in 

deaf speech a lso ,  no damage would r esu l t .  Problems would a r i se ,  

however, i f  the inappropriate pauses were interpreted as 

approEriate pauses, because this would signal incorrect 

segmentation o f  the message. This argument leads to rather a 
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di f ferent  view o f  how timing errors might interfere with 

intell igibil ity: they might introduce misleading information 

about the message which, once accepted, could not be d iscarded.  

There are  other aspects o f  deaf speech which support such a 

view. Due to d i f f i cu l t ies  in coordinating d i f ferent  

art iculators,  deaf speakers o f ten produce sounds extraneous to  

the required sequence, particularly in making and releasing stops 

and f r i c a t i v e s  (Hudgins and. Numbers, 1 9 4 2 ) .  I f  the l is tener 

accepts these ext raneous sounds as segments, he cannot then go 

back and delete them. The perceptual apparatus is  very  good at  

fill ing in missing information, but i t  is very bad at discarding 

extraneous information unless i t  occurs as part o f  a separate 

auditory “stream” (Bregman and Campbell, 1971). Thus, l isteners 

will swear that they‘ heard a particular segment in a sentence 

even though it had been totally removed and replaced with an 

extraneous sound such as a cough (Warren et  a1, 1 9 6 9 ) .  But the 

cough cannot be located in the sentence with any accuracy, since 

i t  cannot be integrated into a single stream with the speech. 

When wanted and unwanted segments arr ive in a single auditory 

stream, as they o f t e n  do in deaf speech, the l istener cannot 

select ively accept the wanted and r e j e c t  the extraneous segments, 

even i f  he had some way o f  so classifying the segments as they 

ar r ived .  van Noorden (1975) has shown that two melodies in the 

same pitch 'range cannot be identified i f  they' are played by 

' interleaving the notes from the two melodies. The listener 

cannot decide to l isten to alternate notes. On the contrary, he 

hears only a single sequence. But i f  one melody is gradually 

raised in pi tch, the two melodies eventually split into two 

streams, permitting one to be ignored so that the other melody 

can be recognized. 

The l istener is not able to discard some of the information 

after i t  has been processed, either, and recent models o f  speech 

perception o f fe r  an explanation. Jarvella (1971) has shown that 

the accuracy o f  a l i s tener 's  verbatim memory for a continuously 

presented message shows a sharp drop a t  the preceding clause 

boundary, as i f  the need to keep the raw acoust ic data available 

in short-term memory ends when the clausal material is 

successfully parsed. Thus, any misinterpretations o f  the 
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preceding clause that become apparent later cannot easily! be 

c o r r e c t e d ,  s ince the verba t im mater ia l  necessary  t o  the 

c o r r e c t i o n  has been de le ted  f rom short  term memory. Fur thermore,  

i f  the rece ived  sequence o f  segments f a i l s  t o  t r i gge r  recogn i t ion  

o f  a word,  the segments fade quite rap id ly  f rom auditory short  

term memory. ' 

When the foregoing arguments a re  put together wi th the known 

importance o f  c o r r e c t  s t r ess  pat terns för recogni t ion o f  words ,  

the poor intel l igibi l i ty o f  deaf speech becomes much easier to 

understand. The pat tern o f  s t resses in a word or phrase is o f  

c r i t i c a l  importance to  i t s  co r rec t  recogn i t ion .  In f a c t ,  there 

i s  evidence that l i s teners  wil l  d iscard  correct ly-heard segmental 

cues which they cannot reconcile with the perceived s t ress  

pattern. English l is teners trying to identi fy English words and 

phrases, spoken with inappropriate s t ress patterns by Indian 

speakers, consistently produced words that matched the incorrect  

s t ress  pa t te rns ,  while c o r r e c t  phonemes occurred in enough o f  the 

responses to  demonstrate that the necessary segmental cues were  

in f a c t  present (Bansal ,  1 9 6 6 ) .  Second, i t  i s  known that timing 

i s  a v i ta l  cue in the perception o f  s t ress ,  outweighing both 

intensity (loudness) and pitch (F ry ,  1 9 5 8 ) .  

Yet i t  is not clear how much deaf speakers know about s t ress 

pat terns.  For normal l i s t ene rs ,  the s t ress  pattern o f  a word i s  

centrally involved in i t s  memory coding (Brown and McNeill, 

1966) .  I t  is unlikely that the deaf use a similar coding without 

being explicit ly taught i t .  Deaf children do not code le t te rs ,  

presented visually in an immediate recal l  task,  in terms o f  their 

auditory and ar t icu latory propert ies, as do normal hearing 

chi ldren and adul ts  (Conrad and Rush, 1 9 6 5 ) .  I f  the deaf  

subjects do not use an auditory or ar t iculatory coding scheme for 

segments, it is very l ikely that they also use a d i f ferent  coding 

scheme for s t r ess  pat terns -- i f ,  indeed, they have a coding 

scheme for  s t r e s s  pa t te rns  at a l l .  Unless the s t ress  pa t te rn  o f  

a word i s  a central par t  o f  i ts  representation in memory, the 

s t ress  pat tern is not l ikely to be ref lected in the required 

pattern of  syllable timing when the word is spoken. Yet this 

pattern o f  syllable timing is crucial to the intell igibil ity o f  

the word for hearing l is teners.  

HUGGINS 287 

There a re  two aspects  o f  i ncor rec t  timing that should be 

distinguished. One type can be t raced d i rect ly  to the d i f f i cu l t y  

o f  programming a rapid sequence o f  ar t iculat ions.  Timing e r r o r s  

become more f requent and more  seve re  as the sentence t o  be 

ut tered is made more d i f f i cu l t  to  ar t iculate.  The remedy may l ie  

in t ry ing to  teach words as in tegrated motor pa t te rns ,  and 

pract ic ing their production f i r s t  in isolation and then by 

substi tut ing them in overlearned phrase or sentence frames. This 

i s  par t icu lar ly  important in the case o f  function words ,  whose 

fluency in deaf speech i s  a major determinant o f  intelligibility 

(Monson and L e i t e r ,  1 9 7 5 ) .  Timing e r r o r s  o f  the foregoing type 

could be labeled e r ro r s  o f  performance, since the deaf speaker i s  

presumably at least part ly  aware that h is  production has fallen 

short  o f  what was intended. The other aspect o f  i ncor rec t  t iming 

is  ‘more important, and e r r o r s  of.  th is type could be labeled 

er ro rs  o f  intention. Er rors  o f  intention occur i f  the deaf 

speaker ' s  model o f  how speech should be timed i s  d i f fe ren t  from 

that o f  a hearing speaker .  In pa r t i cu l a r ,  the model may not 

incorporate the rules for  assigning re la t i ve  s t ress  leve ls ,  and 

for real iz ing these in timing patterns. 

Some evidence supporting the importance for  in te l l ig ib i l i ty  

o f  c l i f fe rent ia t ing s t ressed and unstressed syllables has been 

reported by Osberger ( 1 9 7 8 ) .  She produced slight improvements in 

intelligibility by editing deaf speech waveforms to correct  

inadequate d i f fe rent ia t ion  o f  s t ressed and unstressed syllables. 

Her method, however, was unable t o  separate e r r o r s  o f  performance 

from er rors  of  intention, which may account for the smallness o f  

her e f f ec t s .  Also, she reported no attempt to  re la te  the 

magnitude o f  the timing correct ions made in individual words to 

the result ing changes in intel l ig ib i l i ty .  

I have repor ted elsewhere a prel iminary attempt to measure 

. t h e  e f f e c t s  o f  e r r o r s  o f  intention uncontaminated by e r ro rs  o f  

performance, using synthetic speech (Huggins, 1978) .  Simple 

sentences were synthesized in two vers ions.  In one, s t ress  was 

cor rect ly  assigned, and in the o ther ,  unstressed syllables were 

assigned pr imary s t r e s s ,  and v ice ve rsa .  Syllables w i th  

secondary s t r ess  were not a f f e c t e d .  Since the same set  o f  

synthesis rules were used for s t ressed as for  unstressed 
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syllables, any e r ro rs  o f  performance that were inherent in the 

synthesis procedure should have a f fec ted the normal and 

mis-stressed versions equally. But when s t ress  was wrongly 

assigned, word intelligibil ity fel l  from 85% to 50%, and the 

percentage o f  sentences "substantially understood" fel l  f rom 75% 

to  25%. The results were not uniform across tes t  sentences, in 

part because the sentences d i f fered in the preportion o f  

syllables carrying ruimary, secondary, and Inr- s t ress,  and in 

part because o f  some residual e r ro rs  in phonetic transcription of  

the test  sentences (which may well account for  the less than 

perfect  intelligibility o f  the normally stressed vers ions) .  I 

hope to cor rect  some o f  these weaknesses in time for the meeting. 

Finally, I want to  repeat an anecdote from the study. I 

have tr ied several. times to make a tape demonstrating how 

unintelligible speech can become when i ts  timing is wrong, but I 

have never been sa t is f ied  with the resul ts.  In fac t ,  I began to 

wonder i f  what I was trying to show was true. But when I played 

the latest  tape to a colleague, looking for sympathy, he found i t  

totally unintelligible. The d i f ference between us was that I 

knew what each tes t  sentence said, and therefore knew i t s  s t ress  

pattern,  whereas he did not .  I would never have run the formal 

experiment but for  h is  unexpected react ion.  How many interest ing 

timing e f f e c t s  have been overlooked, or regarded as too slight to 

be o f  in terest ,  for similar reasons? 
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