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The purpose of this study was to examine the acoustic characteristics of children’s speech and
voices that account for listeners’ ability to identify gender. In Experiment |, vocal recordings and
gross physical measurements of 4-, 8-, 12-, and 16-year olds were(tekgirls and 10 boys per

age group. The speech sample consisted of seven nondiphthongal vowels of American Efglish
“had,” / ¢/ *head,” /il “heed,” /I/ *hid,” / a/ *hod,” / o/ “hud,” and /u/ “who’d” ) produced in the

carrier phrase, “Say /hVd/ again.” Fundamental frequenfy) @nd formant frequencie§1, F2,

F3) were measured from these syllables. In Experiment Il, 20 adults rated the syllables produced by
the children in Experiment | based on a six-point gender rating scale. The results from these
experiments indicat€l) vowel formant frequencies differentiate gender for children as young as
four years of age, while formant frequencies dpdiifferentiate gender after 12 years of a@@®,the
relationship between gross measures of physical size and vocal characteristics is apparent for at least
12- and 16-year olds, an@) listeners can identify gender from the speech and voice of children as
young as four years of age, and with respect to young children, listeners appear to base their gender
ratings on vowel formant frequencies. The findings are discussed in relation to the development of
gender identity and its perceptual representation in speech and voic200® Acoustical Society

of America. [DOI: 10.1121/1.1370525

PACS numbers: 43.70.Ep, 43.71.BbL |

I. INTRODUCTION the speech sampl®ates and Dacakis, 1983; Spencer, 1988;
Wolfe, Ratusnik, Smith, and Northrop, 1990

Differences between male and female speech and voice There have been several previous investigations of
are an important aspect of gender identity. These differencegender-specific vowel formant frequency characteristics of
are in part a result of anatomical structures such as vocal folgreadolescent childretiEguchi and Hirsh, 1969; Hasek,
size and vocal tract length as well as learned characteristicSingh, and Murry, 1980; Bennett, 1981; Busby and Plant,
of vocal production such as intonation contd¢@ruttenden, 1995; Lee, Potamianos, and Narayanan, 19%ennett
1986; Crystal, 1982; Ohde and Sharf, 199Phus, prosodic  (1981) analyzed the vocal productions of 7- to 8-year-old
features that are overlaiduprasegmentalsipon sound seg- children for five vowels in a fixed phonetic context. The
ments in words, phrases, or sentences and include intonatiogewel resonances of boys were consistently lower than those
stress, duration, and juncture may be important in gendesf the girls, and several measures of body size were related
identification. It is well known that a typicdl, for an adult  to formant frequencies. The findings were consistent with the
male is around 120 Hz, while a typichy for an adult female  conclusion that boys had larger vocal tracts than girls. Busby
is around 200 Hz. Moreover, an average adult male will haV%nd P|ant(1995 examined the acoustic features of Austra-
lower formant frequencies than an average adult female, bgman vowels produced by preadolescent children. Five boys
cause of longer vocal tracts in the former than latter speakergnd five girls from each of four age grouf&-, 7-, 9-, and
(Ladefoged and Broadbent, 1957; Laver and Trudgill, 197931 -year old§ vocalized 11 test words representing the non-
Peterson and Barney, 1952; Lee, Potamianos, and Naragiphthong vowels of Australian English. Fundamental fre-
anan, 1999; Tecumseh Fitch and Giedd, 1999 quency, the first three formant frequencies, amplitudes of the

The acoustic differences between male and femalgjst three formants, and vowel duration were measured. The
voices are also influenced by behavioral factors. It has beefgyits revealed that there was no differencd drbetween
noted that adult males will often speak with an unnaturallybOys and girls within each age group, the values of the first
lower vocal pitch and women will often speak with an un- {nree formant frequencies for the girls were higher than those
naturally higher vocal pitch in order to conform to stereo-for the hoys, the formant amplitudes for the boys were higher
typical views of vocal production characteristi@&achs, Lie-  than those for the girls, and there was no consistent variation
berman, and Erickson, 19%3n studies of the perception of iy \owel duration values across age and/or gender. fgor
maleness or femaleness in a transsexual’s voice, it was demgng formant frequencies(,F2), Eguchi and Hirst{1969
onstrated that listeners were more likely to rate a voice ageported similar gender results for boys and girls between 11
being female sounding with increasing variability in the in- 504 13 years of age. Overall, these findings are consistent
tonation contoufi.e., the relative rising and falling df) of  \ith the notion that boys have larger vocal tracts than girls.
The specific age at which this distinction occurs is contro-
dElectronic mail: ohdexxrn@ctrvax.vanderbilt.edu versial (Lee et al.,, 1999.

2988 J. Acoust. Soc. Am. 109 (6), June 2001 0001-4966/2001/109(6)/2988/11/$18.00 © 2001 Acoustical Society of America 2988



The above studies show that there are differences beshow such a relationship between measures of body size and
tween boys and girls, particularly in resonance characteristicormant frequencies, but these findings were limited to 7- to
of vowels. Because of these production differences, there ha&syear-old childrenBennett, 198l Because the perception
been an interest in determining their role in perceiving genof gender appears to depend on several acoustic factors, in-
der from children’s speech and voice. Weinberg and Bennettluding fy, formant frequencies, and breathin€gsatt and
(1971 presented adult listeners with recorded samples oKlatt, 1990, an evaluation of these properties in develop-
spontaneous speech produced by 5- and 6-year-old childrement is important for an understanding of both gender and
The listeners correctly identified speaker gender for 78% ofhe potential integration of sourcéy) and transfer function
the boys and 71% of the girls. An acoustic analysis revealedformant frequencigsas cues to gender identification. Thus,

a large overlap in thd, ranges of the boys and girls. This the general purpose of this research was to exarfjrend
result suggested that gender identification of children’sformant frequencies to assess their developmental role in the
speech and voice must be based not only on fundamentgroduction and perception of gender. The two experiments
frequency, but on other acoustic properties as well. Sachgyere designed to answer the following questions.
Lieberman, and Ericksori1973 studied the speech and

voice of 26 preadolescent childréd—14 years Adult lis- der in 4-, 8-, 12-, and 16-year-old boys and girls?

teners made cor_rect gender identificat?ons of 81% of th?z) Is there a developmental relationship between gross
speakers. Acoustically, the boys had a higher avefagean measures of physical size and the vocal characteristics of
the girls, although the boys did have lower resonance fre- 4 oca children?

guencies than the girl_s. Due to the counterintyitive finding(3) Is there a perceptual differentiation of gender between 4
that the boys had a higher averafjethan the girls, Sachs and 16 years of age that parallels differences in produc-
et al. (1973 suggested that gender identifications were based {57

on the differences in the formant frequencies between the

boys and the girls. Il. EXPERIMENT I: ACOUSTIC PROPERTIES OF
Other research has also suggested that, althbgigino- GRS’ AND BOYS' SPEECH AND VOICE
vides the most dominant cue for gender identification from

the voices of adults, other vocal properties may be important, Anatomical properties of the vocal tract as well as
especially in children. For example, listeners are able tdearned speech characteristics influence the identification of

identify genderi(1) whenf, is filtered(e.g., Lass, Almerino, gender from spegch and voice.'Thege speec_h characteristics
Jordan, and Walsh, 198(r suppressede.g., Coleman, lnqlude changes |n'mouth opening, Ilp'roundlng, and Iaryn?<
1971, 1973 within the speech signal(?) when speech height. The acoustic parameters con5|dere_d most influential
samples are whispergg.g., Bennett and Weinberg, 1979 ar(-_,\fo and_ vocal tract resonanc(a&b_ercrombm, 1967; Egu-

and (3) when the frequency range 6f is very similar, like chl_and Hirsh, 1969; Kent, 1976; Liberman, Cooper, Shank-
that of preadolescent boys and gifls.g., Bennett, 1981; eiler, and Studdert-Kennedy, 1967; Nolan, 1p8the fo-

Ingrisano, Weismer, and Schuckers, 198@ light of this cus of e?(penment I IS on the salience &f and formant
evidence, it appears that adults are accustomed to usidffduencies as acoustic predictors of gender.
acoustic properties other thdp alone as a basis for gender A, Method
identification. In addition to understanding the development .
. . . . . 1. Subjects
of gender, there is recent information underscoring the im- ) )
portance of the voice in processing phonegtiowels and Twenty children in each of the age groups, 4-, 8-, 12-,
consonantsinformation (Johnson, 1990a, 1990b; Haley and @nd 16-year olds, participated with 10 girls and 10 boys per
Ohde, 1995 Moreover, it has been claimed that the percep-29€ group. The meafand age rangeages(years:months
tual representation of gender is auditory based and qualitdVere 4:3(4:1 to 4:8, 8:7 (8:5 to 9:5, 12:4 (12:2 to 1239,
tively different from phonetic informatiogMullennix et al, ~ and 16:4(16:3 to 16:10 years. Age ranges computed for
1995. boys and girls separately were very similar, and varleq be-
Although previous research has provided information orfveen 1 to 4 months. All children spoke Standard American
the importance of , and formant frequencies in the acoustic dialect, and none had a known speech disorder. A hearing
and perceptual differentiation of gender, there is no studycreening at 20-dB HL for the octave frequencies between
employing a consistent production/perceptual methodology®0 @nd 4000 Hz was performed on children.
to examine gender development in production, along with an ]
adults’ perception of gender throughout the period ranging?: SPeech sample and recording procedure
from pre- to post-adolescence. For example, studies assess- The speech sample consisted of seven nondiphthongal
ing an adults’ perception of gender frequently have em-~vowels of American English/a/ “had,” /€ “head,” /il
ployed sentential materi@Bennett and Weinberg, 1979; In- “heed,” /I/ “hid,” / a/ “hod,” / o/ “hud,” and /u/ “who’d" )
grisano et al, 1980, which could provide listeners with produced in the neutral context of /hVvd/. Each /hVvd/ syllable
gender-specific prosodic cues other thigrand formant fre- was embedded in the carrier phrase, “Say /hvd/ again.” The
guencies(Wolfe et al, 1990. Since formant frequencies children listened to a tape recording of an adult female vo-
may contribute to gender differentiation, there is a potentiatalizing each syllable seven times within the carrier phrase
relationship between vocal tract resonances and indices @fccording to a randomized schedule. There was a 3-s interval
body size, even for very young children. Previous findingsbetween presentations of the syllables, during which the chil-

(1) Do f, and vowel formant frequencies differentiate gen-

2989 J. Acoust. Soc. Am., Vol. 109, No. 6, June 2001 Perry et al.: Gender identification from children’s voices 2989



dren repeated the phrase last heard. For each child, five efdoptedF1, F2, andF3 were measured from the spectro-
the seven syllables produced for each vowel were chosen @gam of each syllable at the duration midpoint of the vowel.
token utterances by the experimenter on the basis of claritifurthermore, LPQlinear predictive codinganalyses were

of recording and correctness of the vowel sound. All speeclobtained with a 10-msec Triangular window at approxi-
recordings were made at the children’s schools in a portableately the same point at which the formant values were de-
sound-treated boottnoise level approximately 35—40 dBA termined from the spectrogram by placing the cursor at the
using a Tascam reel-to-reel tape recordéodel 22-2 and a  midpoint of F2 stability. In the LPC analysis, the number of
Signet unidirectional electret condenser recording microcoefficients employed varied between 14 and 20 to derive the
phone (Model RK 20). The microphone was placed in a best estimate of formant frequencies. Both formant values
microphone stand and positioned 8—10 in. from the speaker'som the spectrogram and the LPC analysis were recorded,
mouth. The recording procedure took approximately 15—2@nd the specific frequency was determined as the average for

min for each child to complete. a valid criterion measuréSussmaret al., 1996. There was
no more than 150-Hz difference between the values recorded
3. Perceptual verification of vowels from the spectrogram and the LPC analysis.

e Fundamental frequency of the vowel was determined
Perceptual verification tests of the speech samples were. . .
; . - with the CSL pitch extraction program. Fundamental fre-
conducted to determine that the vowels were consistent wit

their intended targets. Five phonetically experienced adulf-c oY is computed as the inverse of the time between glot-
gets. P y exp . fal impulse markers. In addition to the absolute formant and

90 frequency values, frequency scale factg¢Sactors were

disorder identified the 2800 syllables in random order from ! :
all  experimental syllables (5 syllableg vowelsx 80 used to show the percen_tage relationship of male and female
fo and formant frequencieéant, 1973.

speakers). A criterion of 80% agreemédfaur out of five
listeners was used to consider the vowels as judged to be the

intended targets. One-hundred fourteen of the syllables Werg Statistical anal
judged at 80% agreement, while the remainder of the syl-~ tatistical analyses
lables were judged at 100% agreement. Consequently, all of  Since the major emphasis in Experiment | was to mea-

these syllables were used. sure acoustic differences in children’s speech as a function of
gender, these data were analyzed using repeated measures
4. Physical measurements analysis of varianc6d ANOVA), simple correlations, and

Body size measurements of the children similar to thosemUItlple regression analysi&irk, 1982). All post-hoctests

. . . .. were made using Tukey HSD comparisonp at0.05. Sepa-
obtained by Benne(tl981) were taken. Standing height, sit-
ting height, body weight, and neck circumference were mea[ate analyses were conducted on datafigrF1, F2, and

sured with the children’s shoes removed. Standing heigh't:3 as well as measures O.f phyS|ca_I Siz€.
Several vowels were included in these analyses to rep-

and body weight were measured using a medical scale, Wh"Fesent the comprehensive range of productions in the oral
sitting height and neck circumference were measured by a . P . g P
vity. Based on previous resear@ennett, 198), gender

tape measure. Sitting height was measured as children sat %ﬁferences for specific formants were likely to interact with
a stool. The distance from the seat of the stool to the verteX  ~ .~ P . y
pecific vowel productions. However, the overall gender ef-

of the head was measured. Neck circumference was me ects were of greatest interest, and the interactions of gender
sured at the angle of the thyroid cartilage. This point was 9 ’ 9

: . and vowel type entail complexities that do not have a clear
determined by palpation, and the measurement was take ) . - ) . .
. . : theoretical basis. Therefore, the statistical interactions in-
just above the thyroidlaryngeal prominence.

volving a vowel are reported, but not examined in detalil.

5. Formant frequency and fundamental frequency

analyses B. Results and discussion

The speech samples were analyzed on a microcomputer
system (CSL—Computerized Speech Lab, Model 4300,
Software Version 5.0, Kay Elemetrics Cormt a 20-kHz
sampling rate. Each syllable was isolated and removed from Interjudge reliability was determined by having a second
the sentence, “Say /hVvd/ again,” by determining the onsetexaminer sophisticated in acoustic analyses measure 10% of
of aspiration in /h/ and the point of the stop-gap in /d/. Thisthe speech sample. All four age groups were represented in
was accomplished by producing a spectrogram of the serthese analyses. An equal number of samples from boys and
tence and segmenting the syllable from the phrase. In ordegirls were analyzed. The speakers and vowels were randomly
to ensure capture of the entire vowel, segmentation waselected. Interjudge reliability was high for both and for-
made 5-10 ms into the stop-gap of each syllable. Measuranant frequency measures. Correlations of the two experi-
ments of formant frequencies of children’s speech can benenters were computed for the two measures. The mean and
difficult because of their highiy’'s and unusual voice types range of thef, correlations across the speaker age groups
(Kent, 1978. To minimize difficulties in formant frequency were 0.91, and 0.86—0.99, respectively. The mean and range
measurement, an analysis procedure similar to Sussmaaf the formant frequency correlations were 0.93, and 0.87—
Minifie, Buder, Stoel-Gammon, and Smitfl996 was 0.97, respectively.

1. Reliability measures
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FIG. 1. Mean fundamental frequencf)] across the CVC syllables for 4-,
8-, 12-, and 16-year-old speakers. Error bars shdivstandard error.
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The fy means averaged across vowel type are illustrate:
in Fig. 1. There were gender differences betweenftheal- o ‘ ‘ ‘
ues of girls and boys only in the 16-year-old age group. In ar 4 s 1 16
Age (4)X Gender (2X Vowel (7) analysis of variance, there
were main effects of agéd-(3,72)=86.96;p<0.0001, gen-
der [F(1,72)=50.44; p<0.0003], vowel [F(6,432) 0o
=10.27; p<0.0001, and a significant interaction of 750 {
agexgenderF(3,72)=35.72; p<0.0001. Within each age
group, the only significant gender difference was for the 16
year olds.

The finding thatf ; was similar for girls and boys at 4, 8, 500 |
and 12 years is consistent with previous resegect)., Ben- s50 |
nett, 1983; Busby and Plant, 1995; Kent, 1978&lthough \
Haseket al. (1980 found gender differences ify, for 7- to . s " 1
10-year-old children. Nevertheless, the data from the currer Age (years)
study suggest that there is little or no differencefinbe-
tween boys and girls 12 years old or younger. Therefore, it i{lzG.:r.]dMlzanFl, F2, andF3 values across the CVC syllables for 4-, 8-,

; ) . . - . . - -year-old speakers. Error bars shoWstandard error.
unlikely thatf, provides sufficient information to differenti-
ate speaker gender in young children. Because most acoustic
studies of children’s speech have shown little diffgrence i”g, Vowel formant frequency
f, between boys and girls under 13 years of age, it appears
that vocal fold size increases modestly throughout middle
childhood (Kent, 1976; Hollien, Green, and Massey, 1994
Kent and Vorperian, 1995

K factors were calculated for these children to determin%
the pattern of gender differencesfip and formant frequen-

cies using the formula Kn%10( (Fnfemale/Fn male} 1] across the vowels. Separate Adje<Gendef2)xVowel(7)

where Fn is eithefy, F1, F2, or F3 (Fant, 1973; Bennett, I ¢ vari ; d onfiie F2 dF3
1981; Nordstrom, 1997 These values represent the percent—ana ySes of variance were periormed on » an

age difference between the vocal and speech Characteristi}fglges' The results of the analysis fBil. vaiues showed
of the boys and girls. K factors were calculated for mégn main effects of aggF(3,72)=69.74; p<0.0003, gender
F1, F2, andF3 values within each age group for the boys[F(1,72)=84.45, p<0.000%, and vowel [F(6,432)
and girls referred to as KO, K1, K2, and K3, respectively. = 1008.19;p<0.0001. A significant agegender interac-
The extent of gender differences ify, within the tion was found[F(3,72)=8.87; p< 0.0001.* The analysis
younger age groups was very smék0: 2.6% for 4-year for F2 values showed the main effects of age(3,72)
olds, —1.2% for 8-year olds, and 4.7% for 12-year oldhe = 73.15; p<<0.0001, gender[F(1,72)=98.20; p<<0.0001,
negative value for the 8-year olds reflects a slightly lowerand vowel[F(6,432)=980.69;p<0.0001, and a significant
meanf, for the girls than the boys. However, the difference agexgender [F(3,72)=6.16; p<0.00]] interaction® The
betweenf, of the 16-year-old boys and girls was substantialanalysis for F3 values showed the main effects of age
(88.2%. [F(3,72)=175.70; p<0.0001], gender[F(1,72)=84.18; p

850

700

F1 (Hz)

650 -

The above analyses suggest thatloes not provide the
'information necessary to differentiate gender until after 12
ears of age. However, gender differences may exist in the
owel formant frequencies of these children. The three pan-
els of Fig. 2 illustrate thé-1, F2, andF3 means collapsed
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<0.0001], and vowel[F(6,432)=167.94;p<0.000] and a  TABLE I. Means and standard deviatiofSD) for measures of physical

significant agegender[F(3,72)=2.78; p<0.05] interac-  Sizé for 4-, 8- 12, ‘and 16-year-old males and femaleis-height,

tion W=weight, SH=sitting height, and N&neck circumferende
According to Tukey testsr1 values for the boys were  age

significantly lower than those for the girls within each age group H(cm) W (kg) SH (cm) NC (cm)

group except the 4-year olds. The same patyefrn held for th@years

F2 values.F3 values for the boys were significantly lower pmale

than for the girls within each age groufukey HSD, p mean 106.8 17.8 60.1 26.1
<0.05. These results suggest that there may be adequa'ééD | 2.8 12 2.6 12
H H H H emale

mfo_rmaﬂon available fron1, F2, andF3 values to (_Jllffer- mean 106.9 179 c8.6 249
entiate gender of the 8-, 12-, and 16-year olds. Differencesgpy 51 25 36 11

betweenF1 and F2 values for the 4-year olds were not
significant. However, sinc€3 differences between 4-year- 8 years

old boys and girls were significantly different, it is conceiv- Male
o . o i 134.9 34.4 74.3 29.0
able that this information may also be sufficient to differen- gp 8.0 9.1 4.9 1.8
tiate gender. Female
Computation of K factors in this study revealed that the mean 132.8 33.8 73.7 27.9
percentage of differences between boys and girBIinK1: Sb 47 82 29 21
2.6%, 11.4%, 9.1%, and 27.5% for 4-, 8-, 12-, and 16-yeafi2 years
olds, respectively F2 (K2: 4.6%, 10.3%, 12.5%, and 23.8% Male
for 4-, 8-, 12-, and 16-year olds, respectiveand F3 (K3: mean 158.4 49.7 83.9 322
0 N 0 0 SD 5.9 5.8 3.9 1.6
5.2%, 8.3%, 12.0%, and 18.4% for 4-, 8-, 12-, and 16-yea[:emale
olds, respectivelyvalues within each age group remained | .., 155.5 441 84.7 29.4
very similar, and these formant frequencies were lower for sp 6.1 46 35 1.5
the boys than for the girls. Busby and PIlai995 also
. . 16 years
showed that vowel formant frequencies were consistently, ale
lower for boys than girls, and th&tl, F2, andF3 decreased 1 ean 179.8 79.1 96.1 38.0
in value with age. Though Benndit981) only examined 7-  sb 4.8 10.2 2.7 2.9
and 8-year olds, she found that vowel formant frequencie§emale
for the boys were, on average, 10% lower than those for theMean 1%4-17 67068 3051 ilz-“

girls. Similar data from the 8-year olds in the present study
revealed that the boys’ formant frequencies were approxi-
mately 9% lower than those fpr the girls. Thgs, gender dif'interactions of age and gender. Since these results were
ferences in formant frequenues.lncrease with age anq arf(ﬁghly predicted based on anatomical developnikent and
a}pparent, even in very 3{0“”9 chﬂqlren. If.gender Id(?m'f'c""'Vorperian, 1995 the details of these analyses are not re-
tion f“’.”? young ghlldren s_speech IS posmble,_then I'Stener?borted. These analyses were run principally to provide the
may utilize this difference in formant frequencies. error terms used for Tukey tests of gender differences at each
age level. The pattern of the Tukey tests was simple. At age
4. Relationship between physical size and formant 16 years, boys were significantly larger than girls on all four
frequencies measures. At age 12 years, boys had significantly larger neck
Bennett(1981) suggested that gender differences in for-circumferences than girls. None of the other comparisons of
mant frequencies of children may be attributable to vocaboys versus girls within age groups were significant. The
tract size, and in particular the pharytient and Vorperian, measurements employed in the current research are similar to
1995. Bennett does not define vocal tract size, but it is reaBennett's(1981) measurements for 7- and 8-year o{dsgean
sonable to assume that the length and width of the vocal tragtge=7 years 11 monthsthough her measurements showed
would vary as a function of gross changes in body size. Fothat the boys were slightly tallg7 cm) and heaviel4 kg)
purposes of this paper, size will include the length and widtithan the girls in her study.
of the vocal tract. Because it was not possible to obtain exact Figure 3 shows scatter plots of the relationship between
measurements of vocal tract size, various measurements bbdy weight and the formant measures. The measures of
physical size were taken. Findings for height, weight, sittingbody size were highly correlated with one another and all
height, and neck circumference are contained in Table I. Thehowed similar relationships with formant values, so only
difference between the physical size of boys and girls inbody weight is shown for illustrative purposes. The formant
creased with age but became readily apparent only at 18alues are averaged across all speech tokens for each indi-
years of age. On average, the 4-, 8-, and 12-year-old boydadual child speaker. The symbols in Fig. 3 indicate the age
were 2 cm taller, 2 kg heavier, and had neck circumferenceand gender of each child. Linear regression lines are shown
2 cm larger than the girls. Separate analyses of varianceeparately for the boys and girleach regression was com-
(agexgender) were carried out for each of the four physicalputed on all 40 children of a given gender, that is, on chil-
size measures. As expected, all four analyses showed signifiren from all four age groupsThere are two points to em-
cant main effects of age and gender, as well as significarghasize with respect to Fig. 3. First, physical size is strongly
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4500 predictors. In summary, formant frequencies were strongly
correlated with body size measures for both boys and girls,
but there were gender differences in formant frequencies,
even after the body size measures used in this study were
taken into account. These remaining gender differences
could reflect differences in vocal tract size between boys and
girls that were not captured by the body size measures taken,
but the difference could also reflect variations in articulatory

postures of lip rounding and jaw opening for boys and girls

(Lindblom and Sundberg, 1971; Fant, 1973; Bennett and

Weinberg, 1979; Bennett, 1981

3500

F3 (Hz)

3000

2500

2000

2800

2600
4-year-old boys
4-year-old girls
8-year-old boys

8year-old girs Ill. EXPERIMENT II: PERCEPTION OF GIRLS’ AND

12-year-old boys

12-year-old girls BOYS’' SPEECH AND VOICE

16-year-oid boys
-~ g?v:s:s;glfls The acoustic data from Experiment | showed thaivas
only slightly different between the 4-, 8-, and 12-year-old
boys and girls, whilef; was significantly lower for the 16-
’ = ) @ w year-old boys than for the 16-year-old girls. However, all
formant frequency values were lower for the 8-, 12-, and
16-year-old boys than for the girls. As for the 4-year olds,
there were only small gender differencesHh andF2 val-
ues, butF3 was lower for the boys than for the girls. Be-
cause acoustic gender differences were observed in all age
groups, it was of interest to determine if adult listeners could
differentiate gender from the CVC syllables, and to see
. , , whether this identification varied with speaker age. Since the
° » “ o w0 00 magnitude of acoustic differences as a function of gender
Weight (kg) differed across age groups, it was important to employ a
FIG. 3. Average formant frequencies versus body weight for individualSCaling technique, which would be a more sensitive identifi-
children. cation procedure than a two category response choice.

2400

2200

F2 (Hz)

2000

ece®OrPD>EO

F1{Hz)

A. Method
correlated with formant frequencies, as would be expected i, subjects and listening procedure

vocal tract size grows along with grosser measures of size . . .
‘ . o S The subjects for this experiment were 20 undergraduate
such as body weight. All the correlations indicated in Fig. 3 .
o Lo studentgequal numbers of men and womenith no known

were statistically significant, and the slope values for boys . . .

. S . : speech or hearing disorders by self-report. All subjects spoke
and girls were similar, as can be seen in the figure. The . .

neral American dialect.

. : . . e
second point about Fig. 3 is that there are gender differenced Perceptual tests were performed in an IAC booth over

in formant frequ_encies even when physical size is taken int(?1eadphones(TDH—49) at a comfortable listening level
account. The girls’ formant frequencies tended to be hlghef75-dB SP. Before beginning a series of trial blocks, lis-

than th_e boys, espemally fd_?l andF2. . teners were informed by the experimenter that they would
This gender difference in formant frequencies was fur-

. ) . : . ear speech sounds from either 4-, 8-, 12-, or 16-year-old
ther analyzed with stepwise multiple regression. The logic o . :
. . : oys and girls and that they would make gender ratings of
each regression analysis, which was done separatelyfor

. each vocalization based on a six-point scale described below.
F2, andF3, was to enter predictors of the formant frequency. .
) ; ) ) : : Though listeners were not told the age of the speakers to be
in the following order: physical size measuf@&®dy weight,

neck circumference, sitling height, standing heighige heard, they were informed that all voices in a single session

group(4, 8, 12, or 16 yeaysand gendetboy, gir). If gender were from the same age group. On—Iine.data collection as
has a unique effect on formant frequencies, over and abovvt\aleII as the.generangn of random orderings of the vowel
physical size and age, then the addition of gender as a prs_ounds within each trial block was performed by a computer.

dictor on the last step should produce a significant increaseIStenerS were not given any feedback as to the actual gender
) 5 : . of the speakers.

in the R? value. The gender-related increaseRfiwas sig- : . . . -

nificant for all three formantsiF1—R?2 increment- 0,054 _Llsteners used a snf-pom_t rating scale to indicate gender.

F(1,73)=21.052: p<0.0001] fFZ—RZ increment:0.088’ Ratings were entered via a six-button response box. The cat-

F(173)=35.484: p<0.0001, and [F3—R? increment S90Nes were as follows:
=0.049,F (1,73)=43.645: p<0.0001. The overallR? val-

ues with all predictors in the model were 0.902, 0.905, and
0.918 forF1, F2, andF3, respectively, so the variance in 2 @Ppeared to be a female;
formant frequencies was accounted for quite well by these 3 unsure, may have been a female;

1 positively a female;
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4 unsure, may have been a male; 6

5 appeared to be a male;

6 positively a male. 51
The rating scale numbers were written on the response box 4
and a copy of the rating scale was always within view. This £Z 4 o Girs
scale allowed listeners to make judgments based upon theig o ° Bow
certainty of gender, unlike previous studies that permittedg® |
only binary male and female respong@ennett and Wein- °&
berg, 1979; Ingrisanet al, 1980; Sachgt al,, 1973; Wein- !
berg and Bennett, 1971 25

The events in a trial consisted of a 300-ms warning light,

a 300-ms delay, the stimulus, and a response light indicating { . :
that it was time to make a rating. There was a four-seconc 4 8 12 16

interval between trials. Subjects were presented five trial Age (years)
blocks per session, with all five trial blocks consisting of
S_’tlmu_“ from O_nly On? speaker age group. There were fOl‘"l(;Id speakers. Error bars shawl standard error.
listening sessions, with the order of speaker age group coun-

terbalancedeach listener had a different one of the 24 pos-

sible orders No more than one session was conducted P€lndicated no differences in the rating responses by listener

day, and there_were no more than ten days between Sess'.o'&%nder. Thus, listener gender was excluded as a variable in
The stimuli consisted of the CVC syllables from Experi- further analyses

ment 1. Each of the seven YOWe' sounds was produced five " gaseq on the six-point gender rating scale, listeners’
times by the 20 speakers within each of the four age 9group§,ean ratings are shown in Fig. 4. In a Speaker Age (4)

(4-, 8-, 12-, and 16-year olfisyielding a total of 2800 syl- X Speaker Gender (2)Vowel (7) repeated measures analy-

lables. There were 700 stimuli for each of the four a9€gis of variance, there were main effects of speaker age

groups. These 700 stimuli were divided into 5 trial blocks[F(3 57)=8.70: p<0.001, speaker gender[F(1,19)
per speaker group. Within each age group, a trial block con-_ 68,3 69: p<0 0001 ' and’ vowel [F(6,114)= 57 88,' 0

sisted of the 140 utterances produced by 20 children, eacgo 0001, and a significant speaker agspeaker gender

saying 7 vowel sounds once. For reliability purposes, four OH(S’W): 328.61; p<0.0001 interaction® As illustrated,

:h? ut;(_ar:ances zv't?'t?] e5a(t:h Ivt())lweli sounq theri 1p6rseste_nlte ender ratings were significantly different between boys’ and
wice. Thus, each of the - trial blocks consisted o NalSyirls’ speech and voice within each age grddjpkey HSD,

140 trials corresponding to seven vowels from each of 2 <0.05. However, the gender ratings were clearly more

children in a single age group plus 28 repetition trials. similar at the three younger speaker ages than at 16 years.
To obtain an overall measure of whether gender was

2. Reliability rated appropriately, the six-point rating scale was collapsed
into a dichotomous scale, where 1, 2, or 3 was “female” and

In order to determine the test—retest reliability, one syl-4 5 or 6 was “male.” The rating of each utterance by each
lable per speaker was chosen at random for each of the sevg&tener was then scored as correct or not, based on whether
vowel sounds within each speaker age group for a total ofhe collapsed rating corresponded to the gender of the
560 (80 speakers7 vowels) reliability tokens for each lis-  speaker. The percentages of utterances rated for which a cor-
tener. KappgCohen, 1969; Fleiss, 198Wwas used to deter- rect gender rating was made were as follows: 4-year-olds
mine the chance-corrected reliability of the gender ratings fO(boyS 67%, girls 629% 8-year olds(boys 74%, girls 56%
the two presentations of the same stimuli for the "5tener%2—year-olds(boys 82%, girls 56% and 16-year oldgboys
within each trial block. Two categories were used in thisgg 794, girls 95% Each of these percentages was based on
analysis. A rating of “1,” “2,” or “3” was considered as 7 000 ratings, so that even the modest values of 56% for the
“female sounding,” and a rating of “4,” “5,” or “6” was 8. and 12-year-old girls exceeded the 50% chance level ac-
considered as “male sounding.” The kappa value was 0.64¢ording to binomial tests. Nevertheless, listeners were better
which according to Fleis&l98]) reflects good agreement.  apje to assign a correct gender to utterances spoken by boys
than by girls in the 4-, 8-, and 12-year age groups.

Listeners in this study responded to CVC syllables based
on a six-point gender rating scale. Overall, results indicated
that listeners were able to rate vocalizations as either male of
female sounding, even for the youngest children. Similarly,

Previous data suggested that female listeners were bett&veinberg and Bennettl97]) reported an identification rate
than male listeners in determining gender from children’sof 78% for boys and 71% for girls in 5- and 6-year olds.
speech and voicé@ngrisanoet al, 1980. Preliminary analy-  Ingrisanoet al. (1980 reported a gender identification rate of
ses of the data in which ratings were collapsed categorically1% for 4- and 5-year olds, and Bennett and Weinberg
as female(*1,” “2,” “3” ) and male(“4,” “5,” “6" ) (1979 reported an identification rate of approximately 65%

IG. 4. Mean gender rating& = girl; 6 =boy) for 4-, 8-, 12-, and 16-year-

B. Results and discussion

1. Gender ratings
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TABLE II. Simple correlations betweefy, F1,F2, F3 and listener gender  recordings were performed. These speech tokens were then
ratings for 4-, 8-, 12-, and 16-year-old boys and girls. used in a gender perceptual rating task. Results from these

Age acoustic and perceptual experiments have provided informa-
group fo F1 F2 F3 tion about the developmental bases for listeners’ ability to
4 years 060 047 033 082 identify gender from speech and voice.
8 years —0.52 -0.8r -0.84 —0.8¢' A. Acoustic correlates of gender
12 years —0.56 —0.89 -0.78 -0.83
16 years -0.9¢ —0.96 —0.98 —0.90" Adult listeners were able to determine gender from the
=005, speech and voice of children as young as four years of age.

Sincef is very similar for young girls and boys between 4-
and 12-years-old, it is unlikely that this property was utilized

for 6- _and _7_-year olds. Overall, Ilstenersom this study COr'by the listeners. Instead, listeners must have attended to other
rectly identified the speaker gender of 74% of the utterances., stic correlates of gender such as formant frequencies.

averaged across the four age groups. This is comparable to The average formant frequeny1, F2, F3) functions

o s
]Ehe 8hl|g° |det|;1t|:‘|cat|on4ratz rlezorted byf Sac&tssllﬁ(lgm . revealed consistently lower values for boys than girls. Vocal
or chiicren between = an years of age. DITIETences ., ., length is one determinant of formant frequencies. Sev-

Y&ral anatomical studies have provided support for gender dif-

research may be due to the kind of speech material that w . )
used. The current research used the CVC syllable, Where%a rences in vocal tract length. Fai973 found differences

. . % both oral and pharyngeal dimensions for male female vo-
all previous studies employed sentences. The sentence mate- 290
. . ., . cal tracts, but the distinction was largest for the pharynx. In
rial may have contained additional prosodic cues to gendef . .
identification a cephalpmetnc stgdy, Kin¢l952 found that the pha_ryn-
' geal portion extending from the hard palate to the hyoid bone
was longer for boys than girls ranging from one to 16 years.
The difference in vocal tract length values for boys and girls
] ) . ) ) ranged from 2% to 13%, with the smaller value for the
To investigate the relationship between acoustic meaj_year olds and the larger value for the 16-year olds. Based
sures and gender ratings, simple correlations were pegp these anatomical data, it would be predicted that differ-
formed. Table Il shows the simple correlation coefficientSgnces in formant frequencies of boys and girls would in-
between the average listener gender rating across all uttegrease as a function of age. The results of the current study
ances for each child speaker, aitd F1, F2, andF3. Note  jearly support this prediction. Acrossl, F2, andF3, gen-

that a negative correlation means that a higher frequency Wags differences were greatest for the 16-year-old group and
associated with “girl-ness’(since the gender rating scale gmajlest for the 4-year-old group.

had lower values for girls and higher values for boyghis The computation of K factors in this study revealed that

table suggests that listeners gave considerable emphasist];% percentage of differences between boys and girfslin
F3 for the 4-year olds, to all three formants for the 8- andr5 "andE3 values within each age group remained very
12-year olds, and td, as well as all the formants for the gjmijar and these formant frequencies were lower for the
16-year olds. boys than for the girls. Busby and Plaii955 also showed

It has been shown thdp provides the most salient cue 4t yowel formant frequencies were consistently lower for
to gender perception from the voices of adulsg., Cole-  q than girls, and th&t1, F2, andF3 decreased in value
man, 1971, 1973; Lass, Hughes, Bowyer, Waters, an

976: Soh e in the ab ith age. The formant frequency K factors were computed as
Bourne,ﬁl 7| ; Schwartz, tlﬁ owe|2/er, even in tde ad- an average across vowel contexts. An examination of spe-
sence offo, Isteners are able to make correct gender ideNn¢ci yowels showed that for 8-, 12-, and 16-year olds, aver-
tifications from adults’ speeche.g., Lassetal, 1976;

. ; ! age formant frequencies were always lower for boys than
Schwartz, 1968 As for children’s voices, this study as well 9 9 y y

i . girls. Previous studies employing K-factor analyses of adult
as otherge.g., Bennett, 1983; Bennett and Weinberg, 1979f ; g g
. ormant frequencies have shown that sexual distinctions are
Busby and Plant, 1995; Kent, 1976; Weinberg and Bennet g

Yowel and f 1973 F |
1971 indicate that there is little or no difference fiy be- owel and formant dependerifant, 1973 For example,

tween boys and girls under the age of 12. Sifiggrobably Fant determined that male/female differences were largest

. 0 for F2 andF3 of the front vowels, andr1 of [&]. These
does not play a large role in the determination of gender

X X ) . differences were smaller foFl and F2 of back vowels.
from children’s voices in the four to 12 year age range, thel_hus certain vowels may have a larger impact of gender
contribution of vocal tract resonance characteristics to gens... '

der identification appears important differentiation than other vowels.
P P ' One obvious implication of the current findings showing

lower vocal tract resonances for young boys than girls is that

sexual differences exist in vocal tract length. Although direct
The main objective of this study was to examine chil- estimates of vocal tract size are difficult to obtain for chil-

dren’s acoustic characteristics that account for listeners’ abildren, at least one previous study estimated more gross mea-

ity to identify gender from the voice and speech. To accomsures of vocal tract dimension®ennett, 1981 Bennett

plish this, vocal recordings of 4-, 8-, 12-, and 16-year-oldmeasured standing height, sitting height, weight, and neck

boys and girls were made, and acoustic analyses of thesgrcumference in 7- to 8-year-old boys and girls. Simple cor-

2. Relationship between voice [speech characteristics
and gender ratings

IV. GENERAL DISCUSSION
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relations between each of the measures of body size and tlgender from the voice. In one experiment, listeners were pre-
various vowel formants revealed that 93% of these correlasented synthetic vowel sounds designed to range from male
tions were significant. All of the correlations were negative,to female voices and were asked to rate each stimulus on a
indicating that an increase in a physical dimension was assix-point scale similar to the one used in the current study.
sociated with a decrease in formant frequency. These sanfhere was a gradual identification function between male
physical dimensions were measured in the current study for and female voices, as well as good discrimination between
population of children similar in age. The majority of the voices within each gender category. They concluded that the
correlations were negative, and the correlations for bodyerceptual representation of gender from the voice is audi-
weight were in the same range as those reported by Bennetbry based, not categorical. Though the current study did not
Moreover, these findings are consistent with the K-factodirectly examine the perceptual mode., categorical versus
analyses revealing that the average formant frequency differauditory perceptionfor identifying gender from speech and
ence between 7- to 8-year-old boys and girls was 10% andoice, the results indicate that listeners were attending to
9% for the Bennett and current studies, respectively. Thusyariousf, and formant acoustic cues in order to make their
the acoustic analyses and measures of gross vocal tract djender ratings.
mensions were comparable across studies. Since the focus of the current research was on the role of

In a recent studyTecumseh Fitch and Giedd, 1999 formant frequencies anf}, in gender identification, a CVC
magnetic resonance imagitglRl) was used to quantify the production unit was used to minimize other prosodic cues to
vocal tract morphology of subjects between 2 and 25 yeargender. However, gender-specific prosodic differences have
of age. The MRI results revealed positive correlations bebeen shown to provide listeners with cues as to speaker gen-
tween vocal tract length and either body height or weight. Ader (e.g., Spencer, 1988; Wolfet al., 1990. For example,
illustrated in Fig. 3 of the current study, the relationshiptypical female speech patterns generally show greater tonal
between body weight and formant frequency change wasariability (i.e., more upward intonationshan male speech
similar for boys and girls. Thus, an increase in weight re-patterngCrystal, 197%. Wolfe et al. (1990 found when lis-
sulted in lower formant frequencies for both boys and girls.teners were presented voices with simifgr ranges, they
Although it would be reasonable to predict that vocal tracttended to identify voices that were less monotonQues,
length contributed to lower formant frequencies of boysmore f, variability) as female sounding. There is a strong
compared to girls at a given age level in the current researclpossibility that the results from several studies that examined
the MRI data only partially support this prediction. Tecum-the gender perception of children’s speech were influenced
seh Fitch and Giedd found that vocal tract length was sighy this type of prosodic effect, because listener responses
nificantly longer in boys than girls after 10 years of age.were based on sentence stimigig., Bennett and Weinberg,
These findings indicate that vocal tract length contributes td979; Ingrisanaet al,, 1980. Nevertheless, it is unlikely that
differences in formant frequencies between boys and girlprosodic effects influenced listener ratings in the current
after age 10. However, the results also suggest that formastudy. The CVC syllables in this study were of very short
frequency differences between boys and girls before age 1@uration(mean duration was 200 msand stressed with typi-
come from anatomical and/or articulatory sources other thaoal rhythmic and intonational patterns.
vocal tract length.

V. CONCLUSIONS

B. Perceptual correlates of gender In the present study we showed clear gender differences

It is plausible that listeners in this study based their genin both children’s vowel productions, and adults’ perception
der rating of the younger children on information from vowel of children’s speech and voice. The acoustic as well as the
formant frequencies. The third formant values accounted foperceptual data from this study clarify the role ff and
the highest percentage of the total variance in listener ratinfprmant frequency properties in the production and percep-
behavior for the 4- and 8-year olds, whitel accounted for tual differentiation of gender across a large age range of
the highest percentage of the total variance in listener ratinghild speakers. Moreover, the current research also provides
behavior for the 12-year olds. Across all age groups, boyslirections for future research. Although a number of produc-
tended to have lower vowel formant frequencies than girlstion studies, including the present, have examined the role of
Bennett and Weinber@1979 and Ingrisanoet al. (1980 fo and formant frequency in gender identification, there is a
found similar results for 4- to 7-year olds. We conclude thatneed for research on the role of voice quality and particularly
vowel formant frequencies most likely played a primary rolebreathiness in sex differentiation. In the perception of gen-
in listener rating behavior of the younger children. der, future research should examine the contribution of the

It is generally assumed that the perception of gendeauditory mode of perception through appropriate discrimina-
from speech and voice is dependent upon several acoustiion conditions of sound continua. As in the current research,
correlates of sound such &gand formant frequencigd/ul- the inclusion of a rating scale in conjunction with the dis-
lennix et al,, 1995. Even though gender is characterized bycrimination paradigm may provide additional information on
various acoustic properties, our perceptual system is able tthe mode of gender identificatiofMullennix et al, 1995.
adapt to and compensate for different types of acoustic inFurther perceptual studies should examine variations in
formation(e.g., in the absence éf), which provide cues as prosody as cues to gender perception.
to speaker gender. In a series of experiments, Mullennix  The conclusions supported by the results of this research
et al. (1995 investigated the perceptual representation ofare as follows.

2996 J. Acoust. Soc. Am., Vol. 109, No. 6, June 2001 Perry et al.: Gender identification from children’s voices 2996



(1) Vowel formant frequencies differentiate gender for very Fleiss, J(1981). Statistical Methods for Rates and Proporticiwsiley, New

young children, whereas formant frequencies éndif-
ferentiate gender after 12 years of age.

()

Adults can perceive the gender of children as young as

York).
Haley, K. L., and Ohde, R. N(1996. “Stimulus uncertainty and speaker
normalization processes in the perception of nasal consonants,” Phonetica
53, 185-199.

four years of age, and the magnitude of the differenceyasek, c., singh, S., and Murry, TL980. “Acoustic attributes of preado-
between boy and girl perceptual ratings is large by age lescent voices,” J. Acoust. Soc. A8, 1262—1265.

16. Adults’ perception of gender from children’s speechHollien, H., Green, R., and Massey, KL994. “Longitudinal research on
and voice is strongly related to formant frequencies for adolescent voice change in males,” J. Acoust. Soc. 86).2646—2654.

children aged 4 to 12 years, wherdasplays a key role
by 16 years.
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