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11. SPEECH PERCEPTION 

A. PEXCEPTIVE EVALUATION OF SEGh$ENTAL CU?3S++ 

R. Carlson, B. Granstrom, and S. Paul i  

Abstract  

In our search for perceptually relevant cues in speech we have taken 
special interest  in pa r t s  of the acoustic signal displaying rapid changes 
and short durations. In "tape splicing" e-xperiments with natural voiceless 
stops we have found a greater  amount of absolute identity of the esplosion 
than might be expected from ear l ie r  studies. This finding ~hou.ld. be taken 
into accou;lt in speech synthesis. 

Using colxpeting cues and selectively manipulated explosions we have a 
sensitive method of testing cuc s in identification tests .  

For  nasals  anci la terals ,  the importance of the consonant vowel boundary 
re1 ative to the consonantal segment has been studied. Both place and man- 
ne r  cues a r e  investigated by means of manipulated natural spcech a s  well 
a s  speech synthesis experiments. Some 10 msec  around the boundary 
proved to radically change the identity in nataral  speech. On the other hand, 
the detailed pattern of the consonantal segment seemed ra ther  unimportant. 

Introduction 

Synthetic speech i s  a powerful tool in investigating the perceptual cues of 

speech. If we shall learn  more  about human speech there a r e  however good 

reasons to check thc resul t s  f rom such \-~orlc with tes ts  on natural speech, 

especially in cases  where the synthesis equipment might have some insuf - 
ficiences. We will deal with two such "cases1'. One i s  the brief explosions 

in stops which have quite a complex spectrum but short  duration( ') .  The 

other i s  the vowel consonant boundary in nasa ls  and la tera ls  that can be dc - 
scribed a s  switching of complex resonators ,  .which not readily i s  synthesized 

by standard formant synthe s izer  s ( 2 , 3 , 4 )  . F r o m  the perceptval point of view 

there a r e  reasons  to suppose this study worth-while since auditory attention 

tends to focus on points of rapid change. 

Stop cues in the stop explosion 

Background --- ---- 

Most of the work on cues for stop consonants reviewed in the l i t ~ ~ z t u r e  

seems to be concerned with formant transitions and relative timing of voice 

onset. The brief explosion, often shorter than 2 0  msec ,  tends to a t t rac t  

l e s s  interest  perhaps due to a belief that i t s  relative distinctive importance 
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i s  rather low. A now classical experiment in Haskins Laboratories (5) 

showed that the burst was very context sensitive and displayed almost total 

overlap between [p] and [k] areas.  These results a r e  supported by a tape 

splicing experiment with natural speech( '). Both experiments used vowels 

without transitions and this implicates that no manner cue except exploQe ?ion 

was present in these stimuli. 

However, there is  good reason to suppose that the explosion a s  an event 

associated with total constriction and relatively distant from phoneme 

boundaries should be l e s s  coarticulated than for example the aspiration. 

Thc interchan2eabiliQ of explosion ------- --- --- --- 

The inter changeability of explosion was tested through manipulation of 

digitized natural speech. The explosion from [ ~ a ] ,  [pi], [pu] was replaced 

by explosions (f irst  20 msec) from [ka], [ki] , [ku] (nine possibilities). In 

one test  the aspirated part  was replaced by silence. The results from iden- 

tification tests  can be seen in Fig. 11-A-I together with the restructured 

results from Schatz' ( ref .  ( 6 ) )  experiment. Rather great discrepancies can 

be seen partially depending on language differences but probably most due 

to the fact that Schatz used [k] explosions plus hVC, i. e. relatively transi- 

tion free formants. In our experiment the absolute identity for [ l a ]  [ku] 

explosions seems to overrule the often misleading transitions, even in the 

[i] context if the aspiration i s  replaced by silence. However, it should be 

noted that the unaspirated stops, though more distinct, sounded less  natural. 

Similar experiments with [ t]  and [ p] explosion also showed total dominance 

of the [ t ]  explosion, which might be l ess  surprising regarding the result 

from synthetic speech wherc the [ t]  explosion a rea  has little overlap with 

the [p] and [k] areas. Furthermore it can be noted that [ta] without ex- 

plosion is  clearly heard a s  [pa]. If successively longer par ts  of the burst 

i s  removed the stops a r e  f i r s t  deprived of their place cues and later  for 

extreme cutting their manner cue s. 

The result suggests that in synthetic speech one could do with just a 

single explosion pattern for each phoneme without risking confusions such 

a s  in the HaskinsJ synthesis work, provided that transitions a r e  appropriate 

o r  even of the [p] type and little emphasis i s  put on the aspiration. It also 
means that i f  we put a stop explosion before any aspiration plus vowel con- 

taining competing transitional cues, the explosion may carry  so heavy 
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information about i t s  origin that the transitions will be neglected in an  iden- 

t ification situation. If we dis tor t  the explosion we will get information about 

which aspects  of it a r e  used in perception. 

Selective opcerations on the [ t lexplos ion  ------ --------- - --- 
A simple description of stop explosions could be that [t]  i s  a noise above 

a certain frequency limit,  [k] a bandpassed noise, and [p] a noise with a 

slope in the spectrum. In that case,  a filtered [ t] explosion but before e . g. 

a [p] aspiration and vowel, the identity should be [t]  if the low pass  l imit  

i s  high enough. Fig. 11-A-2 shows this  situation when we used a 10 msec  [ t )  

explosion from [a] followed by [pa] with rcmoved explosion. Variation of 

the [ t ]  explosion level i s  used a s  a paramctcr .  A high passed version i s  

included in the figure. 

The resul t  shows the importance of enerzy above 4 kHz in a [ t  ] explosion. 

The level has to be of some magnitude to avoid masking effects. It should be 

noted that a [t]  explosion contains energy well below 4 kHz which i s  of little 
(7) importance . 

We sim.plified the explosion to bandpassed white noise and made a similar 

experiment which showed that the low pass  l i m i t  must  be above 4 kHz to get 

[t] responses.  The high pass  l imit  was of little importance. 

Selective o ~ e r a t i o n s  on the [ k l  e x ~ l o s i o n s  ------ --------- - ---- 

There were no [k] responses in the tes t  described above. This indicates 

that bandpassed noise i s  a too simple approximation of a [k] explosion. 

A repetition of the cxpcriment described above with the [p] explosion 

exchanged for a [k] explosion gave the following result: 

1. Total jk] explosion - 100 $I identification of [k]. 

2.  The explosion high passed 1.4 kHz - 100 % identification of [k] . 
3. The explosion high passed 2 . 0  kHz - 0 % identification of [k]. 

4. The explosion low passed 2.0 kHz - 50 % identification of [k] . 
These findings a r e  not astonishing except for the low passed explosion 

which shows the importance of the frequency a r e a  above 2 kHz. The main 
formant of the [k] explosion was centered zround 1700 Hz. 

In a further study the [lc] explosion was synthesized and put befcre a natural 

The resul t  indicatcs that the Fl -residue a t  about 500 Hz in explosion 
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Fig. 11-A-2. Result  of identification tes t  with 
filtered [t] explosion before {pa]. 
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Segment  f r o m  [ 10 ] : - Unfil tered 
-. -. -. Low passed  2. 8 kHz - - -- Low passed  2. 0 kHz 

Occlusion : - Unfil tered 
-.-.-. Low passed  2 .8  kHz ---- Low passed  2. 0 kHz 

Segment  f r o m  [no]: - Unfil tered ---- Low passed 2 .  0 kElz 

Occlusion : - Unfiltc red ----  L o w  passed 2. 0 kfIz 

Fig. 11-A-3. Resul t  of identification t e s t  with occlu- Fig. 11-A-4. Resul t  of identification tes t  with occlu- 
sion and f i r s t  0-3 vowel pu lses  in [d sion and f i r s t  0-3 vowel pulses  in [la] 
exchanged for the s ame  p a r t  in [u]. exchanged f o r  the s ame  pa r t  in [na]. 



Table 11-A - I .  

1. UNDISTORTED 98 70 cor rec t  

2. WRONG OCCLUSION 9 5 %  "' 

3 .  WRONG OCCLUSION -t 3GP 1 0 %  '! 

This does not mean that the occlusive segment always lacks a place distinguish- 

ing importance a s  shown in the experiments with synthetic speech below. 

Synthesis of nasals  I 

The purpose of the following experiment was to find out if identification 

and acceptability of nasals  \Yere improved if the single formant (Ni )  nasa l  

branch in the OVE I11 synthesizer was provided with an additional second 

formant (N2) in paral le l  with B1. 

I 
Descr9 t ion  --- ------- of the experiment. ---- F i r s t  the bes tposs ib le  /ma/, /na/, /mi/, 

and /ni/ stimuli were synthesized. These a r e  r e fe r red  to a s  prototypes. 

Fig. 11-A-5 shows /mi/. The same AO- and AN-contours were used in a l l  

stimuli. In /mi/ and /ni/ Fi i s  ra i sed  during the nasalized vowel. N2 was 

chosen to 2.2 kHz in /m-/ and 3 kHz in /a-/. Ni and N2 were added with 

equal phase. In this  way wc got a zero between Ni  and N2 which i s  often seen 

in spectra of nasals.  The amplitude relation between Ni and N2 were chosen 

af ter  a study on natural speech. 

The four prototypcs were varied with one acoustic cuc a t  a t ime, a l l  

other variables kept constant. F o r  each of these prototypes we made six 

vowels. 

Two listening t e s t s  were perfornled: one identification tes t  (IT) ("What 

can you hear  ? I 1 )  and one preference tes t  in which each prototype was com- 

pared with i t s  variants ("Talhich of these tcro do you prefer  ? "), the resu l t s  of 

which a r e  shown in Fig.  11-A-6. 

Desc r9 t ion  of acoustic cue variations and resul ts .  The identification of the --- _---------------------- 
prototypes was on an  average better than 95 YO. 

( i) Variation of N2 .  The following variations were introduced: N2 = 1, 

1.4, 2 . 2 ,  and 3 kHz. (The N2 -bandwidth i s  approximately 300 Hz, and 

the NZ-level i s  apprsr i~nate ly  10 dB below N i .  ) The resu l t s  f rom the 

IT a r e  shown in Fig. 11-A-7. The position of N2 i s  apparently cr i t ical  

5.n /i/ -context, e specially in /ni/, but not in /a/-context. 
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Fig.  11-A-5. Prototype MI stimuli. 





Fig. 11-A-7. Correct response in the IT as  a function of the N2 frequency. 
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It i s  not possible to use the same N2 in /m/ and /n/ in all vowel con- 

texts. This finding does not conform with the resul t s  f rom the previous 

cutting experiments with natural speech. A pronounced effect i s  the 

shift in response from /n/ to /m/ N2 of the /n/-prototype i s  
I 

shifted to 2.2 or  1.4 kHz. When N2 i s  shifted further  down to 1.0 

kHz the mixed /m/ and /n/ responses indicate the low frequency bound- 

a r y  of an  /m/-cue frequency region. 

(2) N2 added to Nl in opposite phase does not influence the identification, 

and tbc preference i s  influenced in /i/-cantext only where therc is a 

significant preference for equal phase. 

( 3 )  Omission --- of N2. The identification in /a/-context i s  not affected but in 

/i/-context, especially for /ni/ there i s  a significant decrease in iden- 

tification. A pronounced effect i s  the loss  of naturalness a s  evidenced 

f rom the high (90%)  preference for the two-formant nasals.  

( I )  O m i s s i o n o f F i - r a i ~ c i n t h e / i / ~ v o ~ * i c l .  I l n e f f e c t w a s f ~ u n d i n / n i / o n l y ,  

both identification and preference being decreased. 

(5) Omission of the - - initial - -- transition -- - -- -- - - in -. - F2 . - and -. F 3  in /naj. The identifica- 

tion is decreased, but the preference i s  not influenced. 

Conclusions of thc synthesis experiment 

(1) The identity of nasals  versus  stops and la tera ls  i s  largely bound to the 

continuity of nasal  formants into thc following vowel (general finding, 

not quantitatively te sted) . 
(2) A two-formant nasal  murinur  provides better naturalness n n d  i d c n t i f i r a - -  

tion than a single formant nasal murmur.  

( 3 )  The location of the second nasal  formant N i s  an effective place cue 2 
in /i/-context. 

(4) Forma.nt transitions in the vowel foliowing re lease  a r e  effective place 

cue s . 
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