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ABSTRACT

this paper presents findings on some of the acoustic cues that listeners use to make decisions
about the gender of an adultWfrom synthetic speech. Four young adult male and adult
female speakers from South orlrshire. Fmgland were chosen for the irutial part of this study.
They were selected on the basis of criteria which Included age. accent and normal 3
hearing Subsequently recordings of the eight speakers were pla
listeners. The were asked to rate the gender of the n the basis of this one male
and one fem e were selected to provide data for analysis. synthesis and perce tion
test procedures. ustic Eammeters of the male speaker's data were obtained using a Y
Computerised Speech La (CSL) model 4300. These parameters were used as reference
values to manipulate the female s r's acoustic patterns using an LPC parameter
mani ulationlsymhesis program (model 4304, version 2.01) with an editing facility. The
fem e s 's v0wels were edited with either a lowered fundamental frequenc and/or
lowered ormant frequencies. Listeners were asked tojudge whether they heard an ult male
or and adult female speaker. Results showed that primarily the gemeption of gender is
determined by fundamental frequency. However'in some cases e formant frequencies
served as cues in the percep‘tigteof gender particularly when a vowel had high second and
third foinnant frequencies. findings are presented and discussed in light of previous
researc . .

and
to 14 young adult female

1. INTRODUCI'ION

Women areusuallyperceivedashavinghigherpitehedvoioesthanmen andthis a pears to be
related to their higher fundamental frequency values [1]. There is widespread evidence from
acoustic studies to suggest that F0 is a salrent and robust cue that listeners use to 'udge
speakersex [2. 3. 4.5].However. the malsalienoe ofthevocaltractresonances ould
not be underestimated when 'udgingcaE‘flefsgender [6. 7. 8). This is further supported by
Childers and Wu [9] and u & ‘ ders [l ] who found that formant characteristics
contained enough information for accurate automatic gender recognition in the absence of
fundamental frequency. 11m listeners are able to perceive the 'pitch' of whispered vowels to
judge for speaker sex has been demonstrated by Thomas [11]. From the whispered vowels of
a male and female speakerlisteners were able to determine the 'pitch" (p. 469 [11]) of
whispered vowels by comparison with a pure tone. Results showed that the perceived "pitch"
ofthesetsofvowelsconespondedalrnostemtlytothefrequenciesofn'lheroleoszasa
robust acoustic cue is further substantiated by _Childers and Wu [9] who found that it
surpassed even F0 as a single feature in the automatic recognition of gender.
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2. METHOD

2.1 Subjects
Selection of reference male and female speakers
Four adult male and four adult female sub'ects were chosen. They were between 20 and 25
{firs of age. They had lived in South Y hire all their lives. They werenon-smokers and

no history of any speech or language problems.

The eight speakers were asked to read a set of nunsense words which were recorded. These
stimuli were then layed to fourteen listeners who were asked to rate gender of the natural
stimuli using a sonic of l to 7 where 1 represented 'maleness' and 7 represented 'femaleness'.
The male speaker who had the lowest score and the female speaker who had the highest score
were selected as the reference speakers.

Reference male and female speakers
Both the male and female reference speakers were 22 years of age.

2.2 Speech material
The speech stimuli used for the study were based on those used in the Peterson & Barney
data [ 2]..The nine monosyllables used represented a CVC structure of the form lh V dl. The
list of words representing this structure were: 'heed'. 'hid'. head'. 'had'. 'hawed‘. 'hod'. ‘who'd'.
'hood' and 'heard'. See Tables 1 and 2 for the vowels represented. The nine syllables were
randomised five times to form five word lists. Extra stimuli were added to each list to avoid
practice effects.

2.3 Remrdlng procedures .
The speakers were presented with the lists of words and asked to read them in their normal
{peaking voice. All speakers were recorded in an anechoic chamber using a Sony Professional

alln'nan (WM 06C) and a Sony (ECM 909) microphone.

2.4 Anal
Ninety stimuli (forty-five stimuli for each speaker) were digitized onto a Kay Computerized
Speech Lab (CSL) model 4300 using asampling rate of lOerz. The steady state of each
vowel in the IthI syllable was edited out for anal sis. Fundamental freQuency (10) (using the
fundamental frequency contour) and the first our formants (using LPC analysis) were
measured at three distinct points along the steady state - the meet. midpoint and offset. This
gave live sets of measurements for each of the nine vowels.

2.5 Synthsls

Editing thefundarnental frequency (ill) values of the female stimuli
All forty five stimuli resenting the female speaker were transferred from the CSL 4300
system to the KAY Parameter Manipulation! Synthesis Program (5365). Fundamental
frequent? and formant frequencies were derived throu h the 5365 module for each stimulus.
The fun mental frequency contour was scaled down y half for all fo five vowels using
an editing facility. This therefore produced forty five-synthetic stimulr with fundamental
frequencies representing a typical adult male while preserving the adult female formant
frequencies. These synthetic data represented stimulus set A.
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Editing the female stimuli to manipulate f0 and formant hquencies
One set of the steady states of nine vowels produced by the female speaker was randomly
chosen'These were then edited and resynthesized to gene-ate three groups of stimuli with: l)
lowered to with female formant frequency values : 2) lowered f0 values combined with the
female fundamental frequency values and 3) lowered to combined with lowered formant

uencies. All lewered values were modelled on the reference male :puker using the onset.
mi point and offset values resulting from the analysis (midpoint v ues (Hz) are given in
Tables 1 & 2 for the £0 and formant frequency data respectively). These twenty seven
synthetic data made up stimulus set 3.

2.6 Perception tests

Stimulus setA
Stimulus set A was randomised and recorded onto cassette using a Sony Professional
Walkman (WM D6C). A ten second gap was left between each stimulus so that listeners had
ample time to record their responses. The stimuli were presented to a group of ten listeners
who reported having no history of speech, language or hearing problems. The listeners were
asloed to write down whether they perceived the speaker to be a male or a female. They were
also asked to assess how confident the were by using a seven point scale where 1 indicated a
guess and 7 represented complete co rdence.

Stimulus set 3
The method here was identical to that used for simulus set A with the exception that a
difierent group of eleven listeners took part in the perception test.

3. RESULTS AND DISCUSSION

3.1 Analysis
Tables 1 and 2 show the mean. standard deviation and standard error for the fundamental
fiegluency and tenant frequencies (F1 to F4) for each of the nine vowels at the midpoint for

_ b0 the male and female speakers.
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Tattle I. Mean. standard devlatton and standard error values (Hz) for male and female speakers:
fundamental frequency. .
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An overall view of the fundamental frequency results (see Table 1) revealed that the female
speaker had a fundamental frequency approximately 1.8 times that of the male speaker..’l'his
compares to a scale factor of 1.6 suggested b True [13]. In addition there appeared to be a
slight declination in the {0 values across the emale vowels. The values for the male speaker
however. remained relatively constant (this is not represented in Table 1).

hm-l-E-E-mE-E-___
l a can '

Standarddev. @
tandartlerror

I! m - 5 . 417 5 ‘-
27.4 21.9 31.3 12.0 32.2
123 9.79 14.0 6.0 14.4

'-.; can I. It - :21 --: 3 1 1 .1
Standarddev. ‘ 20.1 57.8 89.7 35.7 20.0 32.8
Standarden’or 8.99 25.8 40.1 16.0 10.0 14.7

‘ :. .' II tt 0: t- n '-'t
50.0.0000%10.1 21.9 47.1 20.1

. Standard error 12.4 18.1 45.1 4.79 9.79 9.8 21.1 8.99
7 7.. 0 can ~71 711:1 ‘ rt m: :‘ ll ::'mm hmStandard error 8.99 _ 49.6 19.6 32.1 8.68

“ Vt: can 7 . . H' . ’ I In In ’1 xswmammanm mmStandard error 28.9 24.9 40.9 12.0
v‘ -= eean Ir- 1 "‘1 H" i: 703 737 2721 1'~

Standard dev. 36.8 90.2 79.9 139.4 78.8 132.0 46.4
Standard error 16.5 40.3 40.0 62.3 35.2 66.0 20.8
77‘i 777.51 "' Vt ’
swam 0... 853 90.0 04.7 00.3%
Standard error 38.1 40.5 28.9 35.9 20.8 25.8

i” weMean 72 78 702 771 2 4

Standard dev. ‘ 56.7 ‘ " 12.0
Standard error ‘ 25.4 ‘ ‘ 6.0

11 m ng . m

:31: Mean. standard deviation and standard error values for male and female speakers: Formant
e es

The formant fragment? values in Table 2 suggest that overall the female speaker‘s formants
are approxima y I. times higher in frequency compared to her male counterpart. This
pattern is a well established finding [12]. There are however instances where the male had
either higher or ual formant frequencies. These were in the first formant frequency of the
vowels N and] and the second formant of the vowel In]. The first and second formant
frequencies are plotted in Figure l to highlight the larger vowel space of the female speaker.
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Figure l. Vowel spaces ofmale and femalereferenee speakers.

3.1 Perception tats

Stimulus set A _
The majority of synthetic tokens in stimulus set A (with a lowered [0) were identified as
male. The results are represented hically in Figure 2 with total confidence levels. The
results indicate that those synthetic stimuli that were identified as female were the front
vowels/i, nd.1hissuggeststhatthemnchhigherF2andF3 values forthesevowelswere
salientcueseven in thepresenceofalowexed fundamental frequency. Ontheotherhandthe
hack vowels were maml identified as being male. Furthermore. listeners were more
confident when making judgements.

Stimulus set B
Figure 3 gra he the results of identification scores and confidence levels for the stimuli

. generated using female formant freflxrréenci values and male fundamental frequency values.
Once again the finding highlight to ustnesa of fundamental frequency as a cue to a
speaker gender where a low fundamental frequency is cueing maleness. In addition listeners
appear to be very confident about their decisions. There are a few instances where femaleness
judgements are being made. These appear once again to occur with vowels (/i e 8/) Where
female second and third formant values are substantially higher than the male speaker.
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Figure 2. Identification scores for stimulus sa A

figure 4 illustrates the results of identification scores and confidence levels for the stimuli
generated using male formant frequency values and female fundamental frequency values. On
the whole listeners were far more confident in judging the stimuli as female. 11mm are a few
exceptions to this. the most notable being Isl. Figure 5 gives the results for the stimuli
genmled using male formant frequency values and male fundamental frequency values.
Listeners were highly confident in judging the stimuli as male which is not a surprising
finding. The responses of two indivnduals however suggest that there may be remnants of
femuleness in this group of stimuli. '
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Figure 3. Simulus B identification scores - female formant frequemles and male 10.
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Figure 5. Simulus B Identification scores - mate formant fieciuendes and male ID.
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figuxe 4. Slmulus B identification scores male formant frequencies and female to.
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4. GENERAL CONCLUSIONS

The results of this study suggest that fundamental frequency is the most salient one that
listeners use when judging the gender of synthetic stimuli. However. the importance of this
cue seems to vary across vowels. The data here suggests that in vowels where F2 and B are
articularly high as in the case of the close from vowels Ii r e 3/. listeners reeive
emaleness even when the fundamental frequency hasbeen lowered to model the fun ental
frequency of an adult male. Our findings provide some support for previous research which
has highlighted the peroepmal salience of vocal tract resonances ((6. 7. 8. 9. 10]).
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