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A STUDY OF SPEAKER SEX IDENTIFICATION
Ronald P. Schaefer

Introduction
1. The identification of speaker sex from voice samples has been
of theoretical and practical interest in the recent past. From a theo-
_retical perspective, it has been of interest because of the desire to
know the specific acoustic cues which make sex jdentification possible.
From a more practical perspective, speaker identification has been of
interest because of its potential role in Taw enforcement and voice ther-
apy. Almost all experimentation to date has been conducted with native
speakers of English and with isolated productions of vowels or consonants.
The experiment described herein was conducted to determine if these two
experimental components have an effect on speaker sex identification.
Before proceeding to the experiment, it may be beneficial to take note

of some of the major research regarding speaker sex identification.

-—- — A pioneering experiment with regard to the generai area of spéaker
jdentification was Pollack, Pickett and Sumby (1954). Using the same set
of male speakers and listeners as experimental subjects, they discovered

a 30% increment in correct identification of the speaker with each .10
second increment in the sample of continuous speech presented to the
listeners. They also discovered that mere repetition of a particular
speech sample did not increase the number of correct identifications.
Pollack et al. (1954) therefore concluded that the speaker's entire speech

repertoire afforded cues for identification and that as more information
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about this repertoire was made available, the more accurate was the speak-
er identification.

Speaker sex identification received detailed attention in a number
of experiments which demonstrated that listeners could with greater or
lesser accuracy identify speaker sex based on productions of continuous
speech samples and isolated vowel samples. Schwartz and Rine (1968) em-
ployed whispered productions of the isolated vowels [a] and [i] to deter-
mine if the absence of vowel funadmental frequency, due to the whispered
condition, affected speaker sex identification. Their results were
overwhelming; they found only 4 incorrect identification responses out of
a_total of 160 responses. After examination of the similarly patterned
spectra of the male and female produced vowels, Schwartz and Rine (1969)
concluded that the upward displacement of frequency in the spectra of the
female-produced vowel relative to the male-produced vowel accounted for
the correct identifications.

Weinberg and Bennett (1972) also wished to determine the importance

-of fundamental frequency to speaker sex identification. Instead of em-
ploying the whispered vowel experimental condition as in Schwartz and
Rine (1968), Weinberg and Bennett (1972) employed a procedure in which
they used 30 seconds of continuous speech from 66 normal-developing 5-
and 6-year-old children. For each child's speech sample they computed
the mean fundamental frequency and found that there was no difference in
fundamental frequency between the male and female samples. However,
adults were able to identify the sex of the children in the absence of a

sex distinctive fundamental frequency 75% of tpe time. Weinberg and
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Bennett's (1972) findings are thus in agreement with Schwartz and Rine

~—

.(1968). These findings suggest that the dimensional characteristics of
the resonance cavity, which determine the spectra frequency, are the pri-
mary factors in sex identification.

In contrast to the findings of Schwartz and Rine (1968) and of
Weinberg and Bennett (1972), Lass, Hughes, Bowyer, Waters and Bourne
(1976) found that fundamental frequency does play a more important role
in speaker sex identification than had been previously thought. Specifi-
cally, Lass et al. (1976) found that the normal vowel condition received
the highest percentage of correct Tistener judgments, 96%, that the fil-
tered condition received 91% correct judgments and the whispered condi-
tion 75%. The resonance characteristics of vowels may provide cues for
speaker sex identification, but the sex distinctive fundamental frequency
may provide a more important cue.

There does appear to be agreement that fundamental frequency does
play a role in the identification of speaker sex. However, there is a
line_of research in which speaker sex can be identified even when funda-
mental frequency is not present. This second line of research relies on
the particular acoustic properties of some voiceless fricative consonants
to indicate speaker sex.

Schwartz (1968) employed the four voiceless fricatives [f 8 s[ ]
produced in isolation as his primary stimuli. He found that [s and y ]
identified speaker sex more often than chance would allow, but that [f]
and [8] did not. What cues were listeners using to identify the sex of
the speakers of [s] and [ f1? Schwartz (1968, p. 1179) provided an ex-

planation consonant with the earlier explanation for sex identification

-
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based on vowel samples:
Furthermore, spectrographic analysis of [s] and [J‘]
indicate that the acoustical features that underlie
this ability are general--i.e., the female spectra
tend not only to be higher in frequency than the
male but parallel as well. This higher-frequency
displacement is likely a manifestation of the smaller
dimensions of the vocal tract in females.
In addition, Schwartz (1968) pointed out that the spectra of the frica-
tives[f] and [B] were rather flat and broadband, suggesting therefore
that the higher frequency was not transmitted with these vowels.

In general agreement with Schwartz (1968), Ingemann (1968) also
concluded that speaker sex could be identified by means of some voiceless
fricatives. Ingemann (1968) employed the entire continuum of 9 voiceless
fricatives from the back fricative [h] to the front bilabial [$], each
produced in isolation. Moreover, she provides an hypothesis into which
fit Schwartz's (1968) general conclusions.

In contrast to the general findings of Schwartz (1968), Ingemann's
(1968, p. 1144) were more specific and she accordingly hypothesized:

As the portion of the vocal tract in front of

C the constriction diminishes, so does the

identification of the speaker's sex.
Thus the sex of the speaker of the back fricative [h] was judged correct-
1y 91% of the time and the sex of the speaker of [§] 55%. There is some
discrepancy between the findings of Ingemann (1968) and Schwartz (1968)
in that the sex of a speaker of [lf] was judged correctly 77% of the
time for Ingemann and 90% for Schwartz. Despite this discrepancy, 1is-
teners were still able to identify speaker sex based on the acoustic in-

formation provided by the voiceless fricative [ [].

One can conclude from the brief descriptions above that the identi-
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fication of speaker sex is a general and consistent phenomenon. Native

" speakers of English have been able to identify speaker sex based on pro-
ductions of some isolated voiceless fricatives. However, can native
speakers of English also identify the speaker sex of a non-native speaker
of English? In turn, can non-native speakers of English identify the

sex of native speakers of English? These two questions have not been
answered to date. Moreover, can listeners identify speaker sex based on
sex-identifying voiceless fricatives produced in context as well as the
same fricatives produced in isolation? The following experiment was de-

signed to test these three questions.

. METHOD
Speakers
2.1 A total of 20 speakers participated in the experiment. 10
were native speakers of Japanese, 5 male Japanese speakers and 5 female
Japanese speakers. The other 10 were native speakers of American English,

5 male American English speakers and 5 female American English speakers.

-—- — All of the speakers were students at the University of Kansas.
The Japanese speakers were between the ages of 19 and 26 and the American

English speakers between the ages of 20 and 33.

2.2 The word she produced by each of the 20 speakers served as the
basis for the three conditions of the experiment. From each speaker's
sample of she, three samples which were to serve for sex identification
purposes were made. One sample consisted of the entire word she, the
second consisted of the vowel [i] and the third consisted of the voice-

less fricative that initiated the word she. She was recorded from each
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of the 20 speakers in a sound treated room using a UHER Model 4000 tape
recorder and a condenser microphone. Each speaker's intensity was moni-
tored by means of a YU meter on the tape recorder. In addition, the dis-
tance between the microphone and the mouth cavity was held constant
through manipulation of a head-stand.
She was chosen because the segment [J‘] exhibits a point of con-
striction that would allow resonance information to be transmitted from
speaker to listener. She is also composed of two segments that could be
produced without difficulty by both the Japanese and the American English |

speakers.

Construction of Master Tape

2.3 One master tape was constructed which was composed of the
three experimental samples:complete syllable, excised fricative and ex-
cised vowel. These three samples were obtained by gating the portion of
the word she desired for each particular sample and retaining the de-

sired portion on another tape. The gating mechanism consisted of a

“switching mechanism which allowed a predetermined portion of the acoustic

signal to pass through to the output, while the gated or excised portion
was either grounded or monitored on a separate output.

To gate the fricative from the word she, a tape loop of each she
sample was made and placed on a tape recorder whose output was connected
to the gating mechanism. A pulse was placed on the second channel of
this tape. This pulse activated a variable timing mechanism which would
allow a portion of the acoustic signal to pass through to the dubbing re-

corder, When the time limit set on the varijable time mechanism was
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reached, a switch was activated which shunted the remaining signal to a
ground or a monitor output.

The tape loop with a pulse on the second channel was played repeat-
edly while time adjustments were made and until the desired excised or
gated portion was obtained. This gating procedure was monitored visually
(on a storage oscilloscope) as well as orally to ensure that the desired
sample was obtained and that the formant transition information was not
included as a part of the experimental sample. Only steady state por-
tions of the fricative and vowel were used. Once the desired sample had
been gated, it was dubbed onto a master tape. This procedure was repeated
for each of the fricative and vowel samples in the study.

_ The gating procedure also allowed for the maintenance of a constant
duration for the excised fricative and the excised vowel. The duration
of the excised fricative was maintained at approximately 150m/sec. The
duration of the excised vowel was maintained at approximately 200m/sec.
The duration of the excised fricative was the minimum duration found after
submitting all complete syllables to wide band spectrographic analysis
_;6 ;-Model 6061B Sound Spectrograph.

Within each experimental condition (fricative, vowel, complete
syllable) of the master tape, the 20 stimuli were presented in random
ordef. In order to ensure reliability, the same 20 stimuli were pre-
sented in a second random order. There were thus a total of 40 stimuli
in each experimental condition.

In order to allow adequate time for listener judgments, there was
a 5-second silent interval between all of the stimulus items in each

experimental condition. The stimuli were presented in sets of 5 with

- &
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25 seconds in between sets. In this fashion the listeners could keep
track of the presentation order since they were instructed that after
every 5 stimuli there would be a 25 second pause. This pause was chosen
rather than numbering with a speaker's voice in order to control for any
potential effects of the number-speaking voice on the judgment of the

subsequent experimental sample.

Listening Sessions

2.4 20 total listeners participated in the experiment, 10 of the
listeners were native speakers of Japanese, 5 male Japanese speakers and
5 female Japanese speakers. The other 10 Tisteners were native speakers
of American English, 5 male American English speakers and 5 female Ameri-
can English speakers. All listeners were students at the University of
Kansas and none reported hearing impairments of any kind.

The master tape was presented binaurally by means of a Roberts
Model 770XX SS tape recorder and individual headphone sets. All listen-
ing sessions were held in a sound treated room at the University of Kan-
“sas.

Each listener was given a numbered response sheet on which he
circled the letter M or F, corresponding to male and female respectively.
To prepare listeners for the stimuli of each experimental condition,
the first five stimuli of that condition were played. After the first
five stimuli were played, the entire set of 40 stimuli in the experimental

condition were played without stopping.

RESULTS AND DISCUSSION

The primary purpose of this study was to determine whether Tisteners

151
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from different language backgrounds could identify speaker sex from selected
speech samples. The results show that in each of the three conditions
listeners were able to identify speaker sex at a better than chance level.
The specific results and their implications are presented in the follow-

ing paragraphs.

Listener Judgments

3.1 It was found that of the 800 (40 stimuli x 20 listeners) speak-
er sex identification judgments, 793 (99.1%) were correct in the complete
syllable condition. It was also found that of the 800 speaker sex identi-
fication judgments, 797 (99.6%) were correct in the excised vowel condi-
tien. Finally, it was found that of the 800 speaker sex identification
judgments in the excised fricative conditions, 630 (78.7%) were correct.

For each of the three experimental conditions, a breakdown of the
data according to the sex of the listener provides the following results.
Male listeners correctly identified the samples in the three experimental
conditions at the following percentage rates: complete syllable 99.5%,
excised vowel 100%, excised fricative 75%. Female 115£;ners correctly
identified the samples in the three experimental conditions at the follow-
ing percentage rates: complete syllable 98.8%, excised vowel 99.3%, and
the excised fricative 82%.

For each of the three experimental conditions, a breakdown of the
data according to the sex and language background of the listeners pro-
vides the following results. Male Japanese listeners correctly identi-
fied the samples in the three experimental conditions at the following

percentage rates: complete syllable 100%, excised vowel 100% and excised

e
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fricative 85%. Female Japanese listeners correctly identified the sam-
ples in the three experimental conditions at the following percentage
rates: complete syllable 95%, excised vowel 95% and excised fricative
82%. Male American English listeners correctly identified the samples
in the experimental conditions at the following percentage rates: com-
plete syllable 99%, excised vowel 100% and excised fricative 66%. Finally,
the female American English listeners correctly identified the samples
in the three experimental conditions at the following percentage rates:
complete syllable 98%, excised vowel 99% and excised fricative 82%. As
the above data indicate, all listeners, regardless of category (male or
female, Japanese or English) did exceptionally well in identifying the
séx of a speaker from complete syllable, excised vowel and excised fric-
ative samples.

The primary acoustic cue accounting for the consistency in identi-
fying the excised vowel samples, and the complete syllable samples, as
strongly suggested by Lass et al. (1976), appears to be a sex distinctive
fundamental frequency. In order to verify the significance of fundamental
_%rgﬁuency for speaker sex identification, each speaker's production of the
word she was submitted to frequency analysis by a Honeywell Visicorder
Model 1508A. After the determination of fundamental frequency for the
vowel [i] of each speaker, it was found that vowels with a fundamental
frequency of 120 Hz or below were identified consistently as male, and
vowels with a fundamental frequency of 220 Hz or above were identified
as female. These frequency levels are in agreement with Lass et al. (1976)

who found a mean fundamental frequency for male-produced vowels of 111.43

Hz and a mean fundamental frequency for female=produced vowels of 224.08 Hz.

- - -
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Listener Judgments in the Fricative Condition

3.2 The primary focus of this study was the excised fricative con-
dition. It was found that of the 800 speaker sex identification judg-
ments in the excised fricative condition, 630 (78.7%) were correct. This
percentage correct figure is more in line with Ingemann's (1968) finding
that [ '] received 77% correct identification than Schwartz's (1968)
finding that [ J'] received 907 correct identification. The percentage
of correct identifications in the excised fricative condition is also
somewhat Tower than that found in the excised vowel and complete syllable
conditions, but the findings obtained from each of the conditions are
statistically significant. Using a table of binomial probabilities all
juﬁgments exceeded chance probability (given a .5 a priori chance pro-
bability) at the .05 level of confidence.

The total percentage of correct identifications in the excised
fricative condition is somewhat over-simplified, however. Figure 1
illustrates the percentage of correct speaker sex identifications for
the 4 categories of listeners. Figure 1 indicates that male American
_éﬁq{%sh listeners had the greatest difficulty identifying speaker sex.

Table 2,which illustrates the number of correct sex identification
judgments made by each of the four categories of listeners for each of
the four categori;; of speakers, clearly shows that the male American
English listeners did not have equal difficulty identifying the sex of
all four speaker categories. As Table 2 shows, male American English
Tisteners had consistent difficulty identifying male American English
speakers and male Japanese speakers. Moreover, since the number of

errors ranged between 10 and 17 for male American English Tisteners,

-~ & -
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the difficulty seemed to be relatively uniform for all members of this
‘ category. Thus male American English listeners, not male listeners in
general, had the most difficulty identifying male voices in the excised
fricative condition. There was no evidence of a similar difficulty in
either the excised vowel or the complete syllable condition.

That male American English Tisteners had difficulty identifying
speaker sex is not reported in previous experimentation on sex identifi-
cation by means of voiceless fricatives. Schwartz (1968) made no men-
tion of a sex determined sex identification difficulty. Ingemann (1968),
who used 5 male and 5 female listeners, states quiteexplicitly that
neither male nor female listeners perceived sex differences better than
thé other and that neither the male nor female voice was easier to iden-
tify. However, Ingemann (1968) implies that her experimentation was con-
ducted in Scotland and therefore was conducted with British-born listeners.
If this is the case, then either a cultural factor may have constrained
the identification abilities of male American English listeners or a sam-
pling factor in the particular group of male American English Tisteners

in this experiment may have influenced the findings.

Acoustic Cues for Sex Judgments

3.3 Despite the particular sex identification difficulty of male
American English listeners, who still correctly identified speaker sex
at a better than chance level, it is a general finding of this study that
speaker sex can be identified by means of the excised fricative [ J‘].
In accordance with Schwartz (1968), it might be expected that the spectra

of a female=produced [J’] exhibit a higher frequency displacement relative
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to a male-produced [J‘]. Therefore spectra datawere obtained for a
" selected number of [lr] samples used in the experiment. The spectra data
were obtained by submitting a central point in the duration of the selec-
ted fricative sample to narrow band section analysis on a 6061 B Sound
spectrograph.
As one examines A and B in both Figure 1 and Figure 2, which are
tracings obtained from the spectra of a selected number of [J‘] samples,
-one observes a tendency for the female spectra in Figure 2-A and 2-B to
exhibit peaks of energy prominence above the 4000 Hz level that the male
spectra, 1-A and 1-B, do not exhibit. However, as the peak of energy
prominence in 1-A (male) suggests, a simple displacement of energy toward
thé higher frequencies may not be sufficient to identify a female voice.
Consider A and B in Figure 1 and Figure 2 again. These samples

were selected since they received the greatest percentage of correct
identification of male and female samples in the excised fricative condi-
tion: 1-A 90%, 1-B 92%, 2-A 100%, 2-B 92%. After examining closely the
male spectra in Figure 1, one finds that in both samples the peaks of
é;e;;y prominence occur between 500 and 4000 Hz. In the female spectra
of Figure 2, in contrast, it appears that the peaks of energy prominence
occur between 2000 and 6000 Hz with the major peaks occurring just above
the 4000 Hz level. It is important to note that although 1-A exhibits
its major peak of energy prominence between 2000 and 6000 Hz, as in the
female spectra, it also exhibits peaks of energy prominence between 500
and 2000 Hz that the female spectra do not exhibit.

There are two conclusions one might draw from a comparison of these

two sets of spectra. First one might conclude that a peak of energy

- "
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prominence in the 1low energy region of 500-2000 Hz may be an important cue
in identifying a male voice which also exhibits peaks of energy prominence
in the high energy regions, particularly above the 4000 Hz level. Second,
one might conclude that a major peak of energy prominence above the 4000

Hz level serves as an important cue in identifying the female voice.

Given these tentative conclusions, consider C in Figure 1 and
Figure 2. C in both figures was obtained from [J’] samples that were con-
sistently misidentified by listeners in the experiment. 2 -C was obtain-
ed from a female sample that received 52% correct identification.

In both 1-C and 2-C, notice the major peak of energy prominence.

1-C, which should have been identified as male, exhibits its major peak of
p}ominence near the 4000 Hz level and no peaks of energy prominence be-
tween the 500 and 2000 Hz region. Since low energy cues may be important
in identifying male voices with high energy cues, the fact that 1-C was
not consistently identified as a male voice is understandable, 2-C also
appears to be lacking an important cue that would have allowed it to be
identified as a female voice. In particular, the major peak of prominence
" in 2-C occurs between 2000 and 4000 Hz, not between 4000 and 6000 Hz, as
in the other samples identified as female.

One additional [J’] sample illustrates that the cues for sex jdenti-
fication are more complex than those tentatively suggested here. The
spectra 2-D,which was obtained from a female sample, received only 40%
correct identification. Given the tentative conclusions regarding the
acoustic cues of ['f] which allow sex identification, one notices in 2-D
that peaks of energy prominence are present in the high energy region of

4000 and 6000 Hz. But, the amplitude of these peaks of energy prominence
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is considerably reduced relative to other amplitude levels in Figure 1
“and Figure 2.

Such a reduced amplitude level in a sample which was consistently
misidentified suggests that amplitude may interact in a particular manner
with the placement of frequency to determine sex identification. It may
be profitable to pursue further the relationship of amplitude levels of
the voiceless fricative [J’] to speaker sex identification. With parti-
-cular reference to 2-D it would be important to determine the specific
amplitude Tevel which would allow correct speaker sex identification to

occur.

Conclusions

3.4 In conclusion, this study has found that the excised fricative
[S'] allows speaker sex identification at a better than chance level.
In addition this study has found that speaker sex identification by means
of the voiceless fricative [‘f] is possible for native and non-native

speakers of English. Further, as expected, listeners in all categories

made-relatively few errors on speaker sex judgments obtained from vowel

or complete syllable samples. Speaking fundamental frequency can account
for most, if not all, of the correct judgments of these syllable and

vowel samples. Taken together with the data from the fricative condition,
these data suggest that the listener has available to him/her a variety
of acoustic cues on which to make speaker sex judgments. Primary among
these cues seems to be speaking fundamental frequency and resonance
characteristics. Undoubtedly, as the ]jteraturesuggests, these cues in-

teract and provide the listeners with redundant information in cases such

T
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as she where both types of cues are operative. In any case, the data
from the present study do support the claim that listeners can extract
resonance cues from the fricative [J’] and use this information to allow

them to make judgments regarding the sex of a speaker.




Schaefer

100 -
8 - R
80 | ? 82 82
t,..
i
i 66
60 |
Percentage -
Correct
' 40 |
20 |
._.0l
Japanese Japanese English English
Male Female Male Female

Listener Categories

Table 1. Percentage of correct speaker sex identification judgments
in the excised fricative condition for each of the four
lTistener categories.
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Japanese
Male 42 39 28 36
Japanese 40 43 35 44
Female
English
Male 43 45 29 45
English
Female 44 38 40 39
. - i B
Japanese Japanese English English
Male Female Male Female

Listener Category

Table 2. The number of correct sex identification judgments in
the excised fricative condition made by each of the
listener categories for each of the speaker categories.
50 possible judgments in each category.
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