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I. SPEECH PERCEPTION 

A. MIMICKING AND PERCEPTION O F  SYNTHETIC VOWELS,  art I1 

L. Chistovich, G. Fant ,  and A, de Serpa-Leitao 

The following report  pertains to  a continuation of the work reported 

in  the Speech Transmiss ion  Laboratory, QPSR No. 2/1966. Two se t s  

of experiments have been made. The a im of the f i r s t  experiment was 

to  check the categorical nature of mimicking. In the second experi-  

ment an attempt was made to  gain some insight in  the decision rules 

used by subjects i n  vowel identification. The stimulus vowels were  

produced with the new miniaturized version of the manually controlled 

vowel synthesizer,  OVE Ib, constructed by Johan Liljencrants ( s e e  

Fig. I-A-I). A noise generator  was used a s  an excitation source in- 

stead of the standard pulse generator  for  voiced sounds, The choice 

of a noise source  was motivated by the des i r e  to avoid interaction be- 

tween responses to the formant pat tern and to  a harmonic pattern. 

Experiment I 

The function generator  for  deriving the F1 F2 signals was equipped 

with a mechanical linkage for  selecting a prescr ibed path of variation, 

a "trajectory': in the F1 - F2 plane. The subject was instructed to 

move the control i n  smal l  s teps along a t ra jec tory  and to mimick the 

vowels produced by the synthesizer.  The subject ' s  response vowels 

were  recorded on magnetic tape and afterwards presented to  a group 

of two l is teners .  

These evaluated each of the mimicked vowels with respect  to  iden- 

t i ty with the previous vowel. By this method the number of different 

vowels mimicked by the subject in  response to  vowels sampled along 

a given t ra jec tory  was determined. 

Each  of thc nine subjects fulfilled the mimicking experiment along 

fourteen selected t rajector ies .  In 120 out of the 126 t rajectory t r a c -  

ings the number of responses labelled different was l e s s  than the 

number of mimicked vowels. These resu l t s  suggest that the separate  

members  of a cer ta in  c l a s s  of vowels evoked one and the same reac-  

tion within the mimicking subject. 



Fig. I-A-I. The new portable OVE Ib with electronics unit (including 
power supply, formant circuits, voice source, output 
amplifier) and function generator for control of F1, F2, 
Fn and voice on/off. 



The resul ts  of spec t ra l  analysis of F1 and F of the response 2 
vowels support this  conclusion, as seen in  Fig. I-A-2, A, B, and C, 

where the t ra jec tor ies  a r e  shown together with the measured F1 F2 

response data. The l is tener  group categorization of the response data 

is indicated by the parentheses  in  the figure heads. It i s  apparent 

that the responses a r e  not distributed evenly along the stimulus t r a -  

jectories. A number of s teps along the t ra jec tor ies  seems  to be ac- 

companied only by smal l  and random changes in  response parameters  

followed by occasional la rge  jumps to  new a r e a s  of ra ther  limited 

variation. 

E x ~ e  riment 2 

Another set  of experiments was concerned with the boundaries 

between two adjacent vowel allophones i n  the F1 F2 function generator  

field. A number of t ra jec tor ies  passing through adjacent allophone 

a r e a s  was selected and the subject was instructed to  generate scquen- 

ces  of sounds along these pathways and to find points corresponding to  

a perceived shift f rom one vowel to  the other within a pair .  The 

manual control of F and F was arranged so  that the subject could 
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not observe the part icular  position of the mechanical F1 F2 linkage. 

Only af te r  a decision was made the subject could turn  his attention to  

the setting and was asked to  make a m a r k  at the par t icular  F1 F2 

point. After 10-20 different pathways through the vowel pa i r  had been 

investigated the subject was asked to  draw a line through the boundary 

points. This boundary line was then calibrated by spectrographic 

measurements  of vowels generated with the control unit moved through 

the line. 

The cor rec ted  data were  redrawn together with the subject' s 

other boundaries on a F F diagram. In al l  102 boundaries f rom four 
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subjects were  determined in  this  way. Data on subject J M  (Hungarian 

born Swedish cit izen) a r e  shown in Fig. I-A-3. It is seen  that most 

of the boundaries a r e  ordered i n  constant F o r  constant F and that 
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one and the s a m e  line often se rves  to  differentiate two o r  th ree  dif- 

ferent  vowel pa i rs .  



(1)(2)(3)(4)(5)(6)(7)(8,9,10,11) 

A.S.L. 

Fig. I-A-2. a. F1 F2 extent of stimulus trajectories (broken lines) and 

spectrographic measurements of F1 and F2 of the 
subject's mimicking response (solid points). The paren- 
theses at the top of each diagram enclose mimicking 
responses judged t o  belong to the same category (phonetic 
identity being the criteria). Noise source excitation. 



Fig. I-A-2. b. See legend, Fig. I-A-2.a. 
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Fig. I-A-2. c. See legend, Fig. 14-2.a 



Fig .  I-A-3. Perceptual boundaries in the F1 F2 plane of synthetic 
vowels, subject J. M. The two parallel boundaries 
F1 = 300 c/s pertain t o  the same subject on two different 
occasions. This difference can be an instrumental a r t e  - 
fact. Observe the tendency of boundaries ordered in 
constant F1 o r  F2 or  constant F1 t F2. 



Of the whole mater ia l  of 102 boundaries 80 could be approximated 

by lines of constant F1 o r  FZ. This suggests that extremely simple 

rules  employing cr i t ical  boundary values of formant frequencies oper- 

a te  in  vowel perception. Such a principle conforms with the general  

idea of one and the same distinctive feature operating i n  severa l  vowel 

pairs .  Our limited data suggest that some of these cr i t ical  boundaries 

a r e  not much different in  different languages. 

The pilot charac ter  of this study must be s t ressed .  The mater ia l  

is l imited and the resul ts  should be considered a s  prel iminary only. 

The technique of data  extraction could be speeded up if the mechanical 

control unit had a g rea te r  stability s o  that the spectrographic calibra- 

tion would be  unnecessary. The stability requirement will be fulfilled 

i n  the new version of the OVE Ib function generator .  au.r  OVE I1 type 

computer controlled synthesizer which i s  under construction will 

allow an  even m o r e  flexible and reliable tool for  generation and r e -  

cording of st imuli  data  including not only F and F but also other  
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synthesis pa ramete r s  that need to  be varied in  an experiment. 


