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1 . INTRODUCTION

From the few studies that have beencarried out into whispered speech, it is apparent that listeners have
little difficulty in perceiving vowels. Kallail and Emmanuel [1. 2] presented lengthened and isolated
vowels to their subjects and reported that between 63 and 65% were correctly identified when
whispered compared to 80% when spoken normally. Tamer [3] improved on this study by presenting
whispered CVC syllables following observations by Strange [4] that in normal speech. formant transitions
are important for vowel identification. Tartter {3] found a better than 80% identification rate for 10 vowels
whispered by 6 speakers compared to over 90% for the normally voiced vowels.

Research into whispered consonants is relatively scarce. Tamer [5] presented Whispered consonant- [a]
syllables to 6 listeners and found that the overall identification score was 64% with a 72% accuracy for
identifying 'voicing'. However. given that her data included other consonants in addition to-stops it is
difficult to ascertain the levels of accuracy for the stop consonants alone. Dannenbn'ng [6] investigated
12 subjects' ability to discriminate between whispered oonsonants‘in CV syllables. where the vowel was
either fil. [ad or lul. Dannenbring's results show that listeners were able to make discriminations with
confidence but does not provide correct identification scores which makes his results difficult to compare
with other studies. Munro [7] presented 32 whispered tokens of Ipl and lbl in tour vowel contexts to 3
listeners where he found an overall mean correct identification score of 63%. Although he showed that
the whispered lb/ tended to have a steeper rise slope than the whispered lpl. these showed no
relationship to the pattern of identifications. He concludes that it is dangerous to make 'inferences about
perceptual mechanisms on the basis of production data alone' (p.180). '

The present study is intended as an preliminary investigation into whether 'voicing' contrasts in
whispered stop consonants (or plosives) in words can be identified in the absence of both the laryngeal
voice source and meaningful contextual information (e.g. a meaningful sentential framework. Vowel
context was not controlled for. Instead. the focus of this study was placed upon the place of articulation
of the whispered stop consonants in initial and final position in minimal word pairs. Listeners were asked
to make judgements about whether whispered stop consonants in word initial and word final position
were ‘voiced' or 'voiceless'. Subsequently acoustic measurements were taken for the word initial and
word final stimuli. '

2. METHOD

We presentedwhispered stimuli to subjects who were given a forced choice for their identification. The
forced choice was between the presented stop consonant and its 'voiced' or 'voiceless' counterpart, For
example, if the whispered token A PAT was presented to the subject. then the word pair A PAT and A
BAT was visually presented as the'choice for identfl‘ication.

2.1 Sub‘ects "
The auth‘ors served as spukers for the recorded speech samples. Both speakers are native speakers of
British English and are in their late twenties. Five female and five male volunteers sewed as subjects for
the perceptual pan of the study. All listeners reported hornet hearing and were also native speakers of
British English. Their ages ranged from 20 to 34 years.
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2.2 Stimuli
The speech samples consisted of 55 CVC whispered words in the lrame ‘a QLQ'. They were recorded
once both by an adult female speaker (F) and an adult male speaker (M). The 55 words are shown in table
1 and ionn 30 minimal word pairs tor stop consonants in word initial position and 30 miniml word pairs for
stop consonants in word iinal pos‘nion (5 of the words are used in more than one pairing). The minimal
word pairs represented bilabial. alveolar and velar places of articulation.

   
Table 1 Whispered word-pairs

The 60 words were repeated once and then put into a randomly ordered list. A random selection of 30
words was taken trom the original list to term a ‘dummy' list. finally. the two lists were mixed for
presentation in the following order: 10 dummies. 30 last words. 5 dummies. 30 test words. 5 dummies.
30 last words. 5 dummies. 30 test words. 5 dummies. Judgments for the dummy list were not used in
the analysis in order to ignore 'listing' effects and lack of attention.

2.3 Recording
Each whispered word was recorded while the speaker was seated in a sound proof chamber. The
whispered speech was recorded digitally using an Apple Macintosh Classic II computer via a microphone
connected to a Farallon Mathecorder‘“. The sampling rate was set at 22ld-lz (8 bit). The MacRecorder
digitizerliltered the analogue sound with a cut oil oi 11 kHz.

2.4 Perception Tests
Subjects were seated in the sound prool chamber with a loudspeaker and a computer ‘mouse'. Outside
the chamber the Apple Macintosh was placed in view of the subject through a window in the chamber,
and connected to the mouse. A HypercerdWI (Apple Computer Inc., 1990) program written by the first
author. was used to play the speech samples irorn the stimuli list. present the appropriate word pair on
the computer screen. and to record the judgements made by the subjects, The subjects were told to
click the mouse on the computer screen in order to hear a word through the loudspeaker. They were
asked to click as many times as they wished until they couldidentity the whispered word from the word
pair shown on the computer screen and then to record their choice by clicking the mouse on the judged
word. Each subject repeated the experiment so that they made judgements of both the male and tomato
speech stimuli.

2.5 Acoustic Analysis
Possible acoustic cues to the perception oi 'voicing‘ were investigated lor the whispered stop
consonants, These acoustic cues were examined using a KAY Computerised Speech Lab (CSL) Model
4300. The whispered speech stimuli were transiened lrorn the Apple Macintosh computer onto digital
audio tape and then transferred on to the KAV CSL using asampling rate at 10 kHz. The methods ol
analysis used tor each of the measurements are outlined below.
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For the word~initial stimuli the following measurements were taken: i) The amplitude of the plosive burst
using the graphical results of an algorithm which computes an energy envelope in dB SPL lrorn the
speech pressure wavelorm of the whispered speech sample; ii) The interval between the peak
ampiitude oi the piosive burst and the peak amplitude of the lollowing noise-excited vowel from the
computed energy envelope (dB SPL} using the graphical interface provided by the GSL; iii] The
arrplitude difference between the peak oi the burst and the following vowel. This again was done using
a similar method as for D and ii). The results of these analyses can be found in figure 2 below.

For the word-final stimuli the measurements taken were: i) the frequency ol the tirst formant (F1) offset
preceding the closure for the word-final stop consonant, using an FFI' widehand spectrogram and a
graphical interface which aliows themeasurement of formam frequency values; ii)The duration of the
noise-excited vowel preceding the closure. given that for post-vocatic stop consonants one of the
acoustic cues of voicing is the duration ol the preceding vowel. where a shorter vowel duration cues
voiceieasness [8], This was done using the FFT spectrogram and the graphical intertace. The duration
of the vowel was taken from the point immediately following the plosive burst of the preceding plosrve
until the acoustic closure for the final plosivei So for example, for the stimulus A PAT [f‘ ‘pcetn the
duration of Ice] would be taken immediately following the plosion of [pl until the acoustic closure for W.
Th results of these analyses can be found in figure 3 below.

3. RESULTS AND DISCUSSION

3.1 Perception Tests
Graphic representations of the results at the perception tests are shown in ligure 1 below. Table 2
provides a summary of these results. 352 tests were carried out on the identification scores with the
assumption that the expected identification oi the consonants would be at chance level (Le. 50%).
These results are given in Table 3.

From figure 1 and summary table 2 we can see that the word initial stop consonants were correctly
identified with levels of accuracy ranging from 0% to 100% giving an overall mean identification score of
77%. However. it we took at the results in more detail we find a variation in the identification resultsior
each piece of articulation. For example the 'voiceless‘ alveolar stimuli are identified for both the note and
female stimuli with most accuracy (mean ol 96.5%). In addition. the 'voiced' bilabial stimuli for the male
speaker are identified with the least level at accuracy (41%) followed by the 'voiced‘ velar stimuli of the
femaie speaker (42% ). However. any conclusions about gender differences can only be tentative whh
this data coming from two speakers. What is evident from table 2 is that the 'voiced‘ word‘initial stimuii are
identified with lower levels at accuracy compared with their 'voiceless‘ counterparts. a finding also made
by Tamer [5].
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For the word final whispered stop consonants the number of stimuli correctly identified ranged from 60%
to 100% with an overall mean identification score at 96%, much higher than the word initial scores,
These findings suggest that the listeners had little trouble identitying whispered stop consonants in
word final position The correct identification oi the word initial and word final whispered consonants are
signitcently above the chance level of 50% expected it identification of the consonants was based on
‘voicing' which of course is absent in our stimuli.

     
  

   Ellabial Alveolar Vela r
+v/cl/ 41M w!

73 94 57

92.5 99 96.5

Tabte 2' Summary labia of perception scores (7.; correct)
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Table 3: zzvelues lot perception scores assuming chance level at 50%,

  
     

3.2 Acoustic Analysis
Graphical representations oi the acoustic analyses are given in figures 2 and 3. Results of a set of two-
tailed t-tests on the acoustic measurements 01 the ‘voiced' and ‘vniceless‘ word initial stimuli and word
final stimuli are given in tables 6 and 6 respectively.
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Figure 2 i i): Acoustic measurements tor word-initial whispered atop consonants. male and female
i) Tap: Amplitudes at pinstva burst (dB SPL) ti): Peak iol picsivei to peak (vowel) dwation (ms:

EEEEEE333379625§§E§§§§§§§§33853

)

Pruc.l.O.A. Vol 16 Part 5 (1994) 119

  



 

Proceedings of the Institute of Acoustics

THE PERCEPTION OF 'VDlClNG‘ IN WHISPEFIED CONSONANTS

   
muggg-eeeeeegsgsseeaegggggn
Figure 2 iii): Acoustic measurements lor wold-initial whispered stop consonants. male and female.

iii): Arrplitude dilemma (vowel - plosive burst. dB SPL).

From table 4 we can see that tor the ‘burst anulitude' no significant differences were found between the
'voiced' and 'voiceless‘ stimuli. For the 'peak to peak duretion' measurements only the bilabial stimuli oi
the male speaker and the alveolar stimuli of the femle speakr showed significant dilferences bemeen
the ‘voiced' and 'volceiess' stimuli. Finally, for the 'amplitude dllferencee' only the tennis speakers
bilabial stimuli showed significant diflerences. The non-consiten! nature of these analyses lies at odds
with the significantly above chance levels of correct identflication for these stimuli shown in tables 2 and
3.

       Piece of Burst amplitude Peak to peek duration Amplitude difference
articulation M F M F M F
Bilebial 0.8318 HEE- omra' 0.1469 mm- 0.037?-

Dr2004 nnn- 0.8525 EEEE- 0‘1607 [HIE-
—0.745: 0.4175 0.2954 0.3806

' signfiicant p<l‘.l.05
Table 4: Results at two-tailed Meets on the acoustic measurements of tire voiced and voiceless word-initial stimuli.
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Figure 3'. Acoustic measurements tor wordvllnal whispered stop consonants, Mia and female.
i) top: Ft oflset (Hz). ii) bottom: Vowel duration (ms).

From table 5 we can see that for 'vowel duratlon' significant differences were found between all the
'voiced' and ‘voiceless' stimuli. However, tor ‘Fl otfset' significant difierences were only found tor the
male bilabial and female bilabial and female alveolar stimuli. It we relate these findings to the perception
Scores it would appear that vowel duration is the more robust of the twu cues analysed In this study. In
fact the overall mean values at vowel duration between the 'voiced' and 'voiceless' 51I|T|Ll|l are 245.2 ms
and 173.2 me giving a difference of 72 ms and a ratio at 1.42 in favour of the ‘voa‘ced‘ stimuli.

Place at Ft oftset Vowel duration
amcuiation M F M F
Bilabial 0.0403‘ 0.0352‘ 0.007“

0 0553 0.0056" 0,0152' 0.012'
BEE- 0.058? m 0.0164‘ m
" slgniticant 9-20.01
‘ elgnillcant p<0.t)5

Table 5: Results at twnrtailed t-tests on the acoustic measurements at the vmced and vulceless word-tlnal stimuli,
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4. CONCLUSIONS

The lindings of this preliminary experiment appear to agree to some extent. with previous findings [5. 8.
7] that listeners are able to identity ‘voicing' In whispered stop consonants in initial position. without any
sentntial context. However. in this study it was found that although identilication was above chance
levels. some of the data suggested variability in the correct identification of bilabial word-initial
consonants. In addition. these showed no relationship to most of the acoustic measurements made.
This supports Munro [7} who states that production data needs to be interpreted with caution when
considering perceptual mechanisms. It is suggested here that this 'caulion' needs to be exercised
particularly when we are dealing with acoustic measurements which are brief and transient in nature as in
the syllable initial consonants. in addition. the insignificant findings of the acoustic measurements
indicate that the acoustic cues were not reliably present in the data and may therelore explain some 0!
the variability in the identification scores.

The results ofthe word linal stimuli gave a different picture with higher levels of identification. These
results appeared to show some relationship with the acoustic measurements for the F1 afloat and vowel
duration. with the latter being the most statistically significant. It is suggested that because the vowet
intermalion is available to the listener over a long period ol time it provides a more robust cue for the
identification of'voicing‘ for word final stop consonants.

Clearly there is a need for lurther investigation into the perception ol 'voicing‘ in whispered stop
consonants. This should include for example: i) Controlled vowel context which appears to play a role in
the perception ol 'voicing‘ [6, 7]; ii) Multiple repetitions of data; iii) A greater number at speakers and
listeners with similar linguistic backgrounds: iv) Speech data with stop consonants in stressed and
unstressed contexts.

In this study we have concentrated on relating acoustic measurements in relation to production
contrasts. Further research and experimentation is ptonned in which we intend to incorporate the above
suggestions together With a mor in-depth analysis of the correlation between possible acoustic cues
and perceptual identification.
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