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FONETIK -89 

( I )  GS's isolated vowels (2) NS's isolated vowels 
(3) words with long vowels, GS (4) words with long vowels, NS 
(5) words with short vowels, GS (6) words with short vowels, NS 

Two sequences of these blocks were created: one sequence in the order mentioned, 
and another one in the reversed order. The vowels are henceforth referred to as ISV 
(isolated vowels), LVW (long vowels in words) and SVW (short vowels in words). The 
listeners, 10 students with normal hearing, were asked to write the vowel they perceived 
on a response form. They were first trained to the task by means of a practice list. Since 
the students had no training in phonetic transcription they were instructed to write the 
vowel they heard in orthography. The listeners were encouraged to give an answer to 
each stimulus and to guess when in doubt. The responses from the 10 listeners were 
summarized in confusion matrices. Broad-band spectrograms were made of all stimuli. 
The first three formant frequencies were measured and converted to B ark (Traunrniiller, 
1988). 

RESULTS AND DISCUSSION 

Vowel perception 
The confusion matrices for the glossectomized speaker are presented in Table I: (a) for 
ISV, (b) for LVW, and (c) for SVW. Target vowels are represented along the vertical 
axis and perceived vowels along the horizontal axis. The following observations can be 
made: 

a) /u/ and /ca/ received a high percentage of responses totally. In most cases they 
were not really heard as front vowels but rather as more central ones, qualitatively 
resembling the short /el and /a/. 

b) Listeners could perceive degree of opening rather easily. Equally open vowels 
were mostly confused with each other rather than with more open or more closed 
vowels. The height dimension thus seemed to be perceptually more distinct than 
the front- back and lip-rounding dimensions. The vowels /E/ and /a/ were identi- 
fied with the greatest accuracy, which is not surprising, since these vowels have 
no counterparts with the same degree of opening (in the respective vowel condi- 
tion) to be confused with. 

C)  There was a clear asymmetry 111 the confusion pattern. The vowels /o/ and /u/ 
were heard as front (or central) vowels, but front vowels were seldom heard as 
back vowels. There was also a difference between the three conditions. For exam- 
ple, long /y/ was heard as /i/ but /i/ was not heard as /y/; for short vowels the rela- 
tionship was the reverse: /Y/ was not heard as /I/, but /I/ was often heard as /Y/. 

T-tests were made to test the statistical significance of an apparent clifterence be- 
tween the two listening sessions, suggesting a possible learning effect. The scores for 
the second listening of SVW were significantly higher for listeners as a group (p < .05). 
For ISV there was also a clear difference, but it did not reach the 0.05 level for statisti- 
cal significance. 

For the nonnal speaker the percentage of misidentifications was very low; /y/ was 
sometimes heard as /i/ and /E/ as /@I. 





found in distances between front and back closed or half-closed vowels. For the normal 
speaker, these vowels have greater distance from each other than other vowels. For the 
glossectomized speaker, however, they are rather close. In order to make a comparison 
of acoustic and perceptual data for GS, perceptual distances were calculated using the 
equation: 

n-9 
Di,j = Z I Xik - Xjk I 

k-1 
where i,j are different stimuli. 

The resulting perceptual distances were then correlated with the acoustic distances. 
The correlation coefficient was 0.43 for all vowels and conditions, suggesting that the 
greater the acoustic distance was between two vowels, the less were they confused by 
the listeners. But this is not always true. Between vowels with the same tongue position 
in the front-back dimension but with different degrees of opening, there was a small 
acoustic but a large perceptual distance. Between vowels differing in frontness-back- 
ness but with the same degree of opening, t he  was a large acoustic but a small per- 
ceptual distance. Excluding the latter two categofies of vowel pairs, we obtain a signifi- 
cantly higher correlation between acoustic and perceptual distances (r = 0.83). These 
findings are consistent with the fact that vowel systems in the languages of the world 
are generally more differentiated in the open-close dimension than in the front-back or 
rounded-unrounded dimension (Liljencrants & Lindblom, 1972; Maddieson, 1984; 
Lindblom, 1986). 
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Fig. I .  Meart folnzunr ~~ulues (in Bulk) for rlie glossecto~nized spcukcr. GS (solid 
line) urld rl~e nornlal S ~ ~ ~ U ~ L > I .  N,S ( ~ I . O ~ C I Z  li~ze) i l l  rli~.~je vowel conclirions; (u )  
= ISV, ( b )  = LVW, urzd ( c )  = SVW. 
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