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the speaker and to mark one of the response 
alternatives shown on a screen. 

Results and Discussion 
Identification experiment 
The phonated vowels were identified correctly 
in 95.9% and 94.7% of all cases, for male and 
female speakers, respectively. For whispered 
vowels, the corresponding figures were 86.9% 
and 89.1%. 

The numbers of correct identifications 
obtained with the phonated and with the 
whispered vowels are listed in Tables 1 and 2, 
which give an overview of the recognition of 
vowel identity as well as speaker sex. The tables 
also give a rough overview of the confusions. 

Table I .  Summary of the confusion analysis, 
male speakers. 

Vowel Sex 
Phonated Whispered 

too high wrong 0 1 
right wrong 17 104 
too low wrong 0 23 
too high right 38 55 
right right 1278 1069 
too low right 17 98 

Table 2. Summary of the confusion analysis, 
female speakers. 

Vowel Sex 
Phonated Whispered 

too high right 30 83 
right right 1257 1124 
too low right 42 50 
too high wrong 0 3 1 
right wrong 21 87 
too low wrong 0 6 

As expected, confusions occurred most fre- 
quently between vowels that are close to each 
other in the vowel space defined by F1, F2 and 
F3. 

As can be seen in Table 3, the performance 
in vowel recognition was substantially better 
than in the studies by Kallail and Emanuel 
(1985) who used isolated, sustained English 
vowels and by Tartter (1991) who used [hVd] 
syllables. 

Our results demonstrate that isolated vowels 
can be identified very well when they happen to 
be genuine words. Only words occur naturally 
in isolation. The hypothesis that the recognition 
of vowels is facilitated by the presence of 
consonants (Shankweiler et al., 1977) finds no 
support. 

Table 3. Recognition rates (in percent) for 
vowel quality in three investigations including 
whispered versions. 

Investigation Phonated Whispered 
Kallail and Emanuel 82.5 64.0 
Tartter 92.0 81.6 
Present 95.3 88.0 

The performance for speaker sex was also 
better (98.6% and 91.0%) than observed 
previously by Lass et al. (1976) in a similar 
experiment (96.0 and 75%). 

Our results show that whispered vowels have 
a better chance of being identified correctly 
when speaker sex is recognised correctly, and 
vice versa (see Table 4). The vowel confusions 
occurring in cases in which speaker sex was 
misperceived were biased in the expected 
direction. 

Table 4. Interactions between sex and vowel 
confusions in whispered vowels. 

Condition n Cofused Confused 
sex (%) vowel (%) 

sex right 2456 5.2 
sex wrong 244 25.0 
vowel right 25 12 7.3 
vowel wrong 188 32.4 

However, in phonated vowels, misperception 
of speaker sex did not increase the risk of 
misperceiveing vowel quality, nor vice versa. 

The results tell us that listeners are largely 
successful in extracting the phonetic informa- 
tion from the speech signal, nonnalising 
(Rosner & Pickering, 1994) or demodulating 
(Traunmiiller, 1994) it in an appropriate way. 
However, the contribution of Fo was not so large 
in this process. It has been suggested that Fo 
might contribute indirectly to the perception of 
vowel quality in that it provides a cue to speaker 
sex (Johnson, 1990). The absence in our data of 
any vowel confusions in cases in which speaker 
sex was confused is an argument against this 
hypothesis. 

Acoustic analyses 
Before the acoustic analysis was performed, all 
stimuli were high-pass filtered at 70 Hz in order 
to remove some low level low frequency 
noise.Vowels that had not been identified 
correctly by a majority of listeners were 
considered as misproduced rather than as 
misperceived, and they were not included into 
the acoustic analysis. 
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Fig. 2. Whole vowel average increase in F], F2, Fig. 3. Spectral power level density per 
and F3 in whispering as compared with frequency unit (dB/Hz), in relation to an 
phonating, plotted against positions in the arbitrary reference level, as measured for 
phonated versions. Co-ordinates scaled loga- frequency bands with a width of 3 critical 
rithmically. Formant number indicated by bands, for phonated and whispered versions of 
figures, larger sized: male, smaller sized: the same vowel types produced by male and 
female productions. female speakers, shown as a function of the 

logarithm of the centre frequency of each band. 
Continuous: phonated; dashed: whispered; 
thick: male; thin: female. 
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