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Summary: Objectives. Voice carries abundant information about the speaker. This acoustic information changes
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throughout life. Although the ability of identifying audible cues on a speaker’s gender and age is considered an intuitive
task, little is known about the ability to identify and decipher this perceptual information. Most studies in the field have
examined the ability to identify adults’ gender and age, thus the purpose of the present study was to evaluate listeners’
ability to identify gender and age of children and adolescents.
Methods. A total of 120 children in six age groups, 8, 10, 12, 14, 16, and 18 years, were recorded while producing
isolated vowels and fixed sentences. The recordings were evaluated by a group of 38 untrained naive listeners, who
were asked to identify the speakers’ gender and age.
Results. Listeners were able to identify children’s gender at an overall rate of 81.81%. This task was performed more
successfully based on recordings of sentences (85.39%) than on isolated vowels (78.22%). Listenerswere able to identify
the children’s age group at an overall rate of 37.16%. This taskwas also performedmore successfully based on recordings
of sentences (39.58%) than on isolated vowels (34.71%). Furthermore, when an error of ±1 age group was allowed,
correct responses for age identification exceeded 80%.
Conclusions. Listeners have the ability to identify children’s gender and age, based on short audio recordings, even
before puberty. The success rates in these perceptual tasks are dependent on the child’s age and gender.
Key Words: Children–Perception–Voice–Age–Gender–Hebrew.
INTRODUCTION

The human voice carries dynamic acoustic information about
the speaker. Listeners are thus able to identify various personal
attributes of the speaker, based solely on his/her voice. Such
attributes include, for example, emotional state,1 personality
traits,2 sexual attractiveness,3 health condition,4 physical
size,5,6 gender,7 and age.8 Whereas most studies on listeners’
perception of speakers’ characteristics have focused on percep-
tion of adults’ voice, the present study was aimed at evaluating
the ability of listeners to identify children’s gender and age,
based on their voice.

Physical size is considered difficult to identify based on voice
in humans and in animals.9–11 Gonzalez12 reviewed a series of
studies on the perception of physical characteristics. His data
show that, on the one hand, listeners are highly consistent in
their judgments of speakers’ height and weight, under different
acoustic conditions. On the other hand, listeners’ estimations of
height andweight (although consistent) aremostly inaccurate or
mistaken (only 14% of judgments were significantly correlated
with the physical measurements). He concluded, ‘‘listeners fol-
low vocal stereotypes about the body size of speakers, even
though these stereotypes are wrong’’ (p297). When the percep-
tual task is set as a binary task, and listeners are required to dif-
ferentiate between ‘‘big’’ and ‘‘small’’ speakers, a much higher
performance rate can be obtained.13

Auditory perception of speaker’s gender is considered an in-
tuitive task.9 Studies show that listeners are able to successfully
ted for publication June 13, 2011.
he Department of Communication Disorders, Sackler Faculty of Medicine, Tel-
versity, Tel-Aviv, Israel.
ss correspondence and reprint requests to Ofer Amir, Department of Communica-
rders, Sheba Medical Center, Tel-Aviv University, Tel-Hashomer 52621, Israel.
feramir@post.tau.ac.il
l of Voice, Vol. 26, No. 3, pp. 313-321
997/$36.00
2 The Voice Foundation
.1016/j.jvoice.2011.06.001
identify the gender of adult speakers, based on their voice. Pitch
is considered a primary cue on which listeners rely for gender
identification.7,14 Nonetheless, it was shown that adults’
gender could also be identified in recordings that did not
provide the F0 cue. For example, listeners were shown to
identify speakers’ gender based on recordings of voiceless
fricatives5,15 or when F0 was filtered out from the signal.16

Although many studies have examined perception of gender
based on adult and elder voice, only a few studies have focused
on the perception of gender in childhood. This might be attrib-
uted to the conception that vocal differences between genders
appear only after puberty because there are no morphological
differences during childhood between the male and female
larynges, as well as voice differences.17 However, the few stud-
ies that have examined listeners’ ability to identify children’s
gender from their voice reported on above-chance correct iden-
tification rates. Bennett and Weinberg,18 for example, reported
that listeners were able to identify the gender of preadolescent
children at 60–80% correct rate. In contrast, another study found
that listeners had difficulties identifying gender of young chil-
dren and that when children were between the ages of 5 and
11, correct gender identification rates varied from 19% to
40%.19 In addition, it was reported that listeners tended to iden-
tify younger voices (ages 5 and 7) as girls and older voices (age
11) as boys.

As opposed to the difficulties that listeners show in perceiv-
ing speaker’s physical size, perception of speaker’s age was
shown to be more reliable. In different studies, listeners were
able to estimate adult speakers’ age above chance levels, using
different methodologies, even when judgments were based on
limited auditory signal. Ptacek and Sander,20 for example,
reported that listeners were able to successfully assign voices
into two distinct age categories: older than 65 and younger
than 35 years. Correct assignment rates were 78% for pro-
longed /a/ vowels, 87% for backward speech, and 99% for
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forward speech. In a different study,21 a large group of adult
speakers between the ages of 20 and 89 years were recorded,
and listeners were able to accurately identify speakers’ age,
with a significant high correlation (r¼ 0.88) between chrono-
logical and perceived age. These results were later supported
by another study in which listeners were required to make
age estimations of 80 adult males between the ages of 40 and
80 years.22 In that study, a correlation of 0.77 was obtained be-
tween the chronological and perceived age. Neiman and Apple-
gate23 asked a group of listeners to assign recordings of 36 adult
speakers into seven age categories and examined the percentage
of correct correspondence between the chronological age and
perceived age groups. They reported on an overall correct as-
signment rate of 80.25% and that values ranged between
61.26% and 90.32% for male voices and between 73.72% and
90.57% for female voices. These findings demonstrate that lis-
teners can estimate adults’ age based on their voice and that
direct estimation of age is more difficult than assigning voices
into age categories.

Data on listeners’ perception of children’s age are scarce. We
were able to identify only two studies in which this topic was
examined. In one study,19 it was reported that experienced lis-
teners’ agreement on the perception of children’s age was better
than that of naive listeners. In the second study,24 listeners’
agreement, as reflected by the standard deviation (SD) of the
perceived age, was larger for voice samples recorded from
adults than those from children. Nonetheless, correct age esti-
mations were not reported in both studies. The purpose of the
present study was, therefore, to evaluate listeners’ ability to
identify gender and estimate age of children and adolescents,
based on their voice.
METHODS

Speakers

After obtaining approval of our institutional ethics committee,
and parental written consent, 120 children were recruited for
this study. Children were divided into six age groups: 8, 10,
12, 14, 16, and 18 years. Each group was composed of 10
TABLE 1.

Mean Chronological Age, Height, Weight, and Neck Circumferen

Parentheses)

Age Group (y) Gender Age (y)

8 Boys 7.94 (0.34)
Girls 8.09 (0.28)

10 Boys 9.99 (0.35)
Girls 9.93 (0.24)

12 Boys 11.95 (0.25)
Girls 11.97 (0.35)

14 Boys 14.02 (0.33)
Girls 14.07 (0.19)

16 Boys 15.87 (0.36)
Girls 15.98 (0.28)

18 Boys 17.80 (0.14)
Girls 17.79 (0.28)
boys and 10 girls, with an age range of ±6 months. All children
were healthy native Hebrew speakers, with no reported history
of speech, voice, or hearing disorders. Childrenwho had singing
or voice training, as well as children whowere sick or dysphonic
on the day of the recordings, were not included. Table 1 summa-
rizes the children’s age distribution and physical characteristics.

Recordings

Each child was recorded in a quiet room sustaining the isolated
vowels /a/ and /i/ six times for 3–5 seconds and uttering two rep-
etitions of a voiced sentence. Thevoiced sentenceswere /dani ba
im aba laavoda/ and /gad aza lanu bayam/, which translate into
English as ‘‘Danny came towork with dad’’ and ‘‘Gad helped us
on the beach,’’ respectively (‘‘Danny’’ and ‘‘Gad’’ are both com-
mon Hebrew names). Recordings were conducted using a Senn-
heiser PC20 headset microphone (Sennheiser Communications,
Hanover, Germany), located 5 cm from the corner of the child’s
mouth and connected directly to a computer sound card. Before
the recording, each child was instructed briefly about the record-
ings, and the different taskswere presented visually using a card.
The children were instructed to read the cards silently first and
then recorded while saying the sentences or vowels as naturally
as possible, without reading it. No vocal demonstration was
given to the children to reduce a possible bias effect. Sampling
rate for recording was 48 kHz (16 bit). To reduce a possible
order effect, the different tasks were performed in a random
order that was changed between speakers.
From the recordings of each child, the third production of the

vowel /a/ and the second recording of the voiced sentence were
used for the perceptual task, yielding a total of 120 vowels and
120 sentences.

Listeners

Thirty-eight native Hebrew-speaking women with a mean age
of 30.46 years (SD¼ 6.36) volunteered for the listening task.
All listeners had no professional background in speech or voice
training. Schoolteachers, singing teachers, and speech-
language pathologists were not included in the listeners group
because they were regarded as experienced listeners. All
ce for Each Age Group and Gender (Standard Deviation in

Height (cm) Weight (kg) Neck (cm)

127.85 (5.15) 28.56 (6.81) 27.91 (2.13)
125.08 (5.30) 27.18 (5.41) 26.62 (1.39)
139.05 (4.54) 35.03 (6.74) 30.05 (3.06)
136.23 (8.93) 34.33 (10.66) 27.70 (1.95)
150.90 (4.90) 44.34 (6.70) 30.87 (2.40)
152.45 (6.47) 44.96 (10.98) 29.59 (1.62)
166.45 (8.29) 50.70 (8.10) 33.16 (1.54)
160.10 (5.96) 48.77 (7.27) 30.23 (1.63)
173.55 (7.19) 60.08 (8.17) 34.51 (2.06)
161.05 (4.93) 56.37 (7.03) 30.93 (1.23)
177.80 (5.17) 73.87 (15.09) 36.79 (3.27)
159.70 (5.35) 62.86 (12.47) 32.87 (2.57)
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listeners were healthy with no reported hearing, speech, or
voice problems.

Procedure

Recordings were divided into vowels and sentences and pre-
sented to the listeners using an ad hoc MATLAB program
(MathWorks, Natick, MA) through Sony MDR-XD300 head-
phones (Sony, Tokyo, Japan). After a brief explanation, a proce-
dural training task was performed, which included four
recordings. During this training task, listeners could adjust
the playback intensity level. During the main listening task,
each recording was presented once and then the listener was
presented with two consecutive dialog boxes. In one box, she
assigned a gender to the recording, and on the second, she
assigned the recording into one of the six possible age groups.

In addition to the target stimuli, each listener judged 12
vowels and 12 sentences that were presented twice for intra-
judge reliability evaluation. Consequently, each listener pro-
vided 528 responses ([120 vowels + 12 reliability items + 120
sentences + 12 reliability items]3 2 questions), thus a total of
20,064 responses were recorded throughout the study. Intra-
judge agreement was higher for sentences than for vowels.
For the gender question, 87.93% of the sentences were judged
consistently by the same listener (k¼ 0.75, P < 0.01) and
83.12% of the vowels were judged consistently (k¼ 0.66,
P < 0.01). For the age question, 55.3% of the sentences were
judged consistently (weighted k¼ 0.68, P < 0.01) and 39.04%
of the vowels were judged consistently (weighted k¼ 0.50,
P < 0.01). Moreover, Spearman correlation coefficients for the
comparison between the first and second age estimations
were 0.85 (P < 0.01) for sentences and 0.69 (P < 0.01) for
vowels. Interjudge correlation was evaluated for the different
age groups, genders, and stimuli. For the gender question,
kappa correlation coefficients ranged between 0.30 and 0.76
(P < 0.001). For the age question, Kendall correlation coeffi-
cients ranged between 0.26 and 0.81 (P < 0.001).

To reduce a possible order effect, listeners were divided into
four subgroups for which the order of the questions (gender/
age) and stimuli type (vowel/sentence) were alternated. No
time limitation was imposed on the task, but each recording
was played once. The complete listening task lasted approxi-
mately 50 minutes, including a 5-minute break.
TABLE 2.

Summary of Correct Response Rate for Gender Identification fo

Age Group (y) Overall

By Gender

Boys Girls D

8 68.82 66.32 71.32
10 78.68 74.08 83.29
12 79.07 74.74 83.29
14 90.20 98.82 81.58
16 87.30 99.87 74.74
18 86.84 99.87 73.82

Abbreviation: NS, not significant.

*P < 0.05, **P < 0.01.
RESULTS

The relation between biological and perceived gender and
between chronological and perceived age were evaluated using
two approaches: (1) correlation between actual and perceived
values and (2) percentage of correct identification. Results are
presented, first, for gender identification, followed by the re-
sults for age identification.

Correlation between biological and perceived

gender

For all stimuli, an overall kappa correlation coefficient of 0.64
(P < 0.001) was obtained between the biological and perceived
gender. A higher correlation coefficient value was obtained for
sentences in comparison to vowels (0.71 and 0.56, P < 0.001,
respectively). The error of identifying a female as a male oc-
curred more frequently (1003/4560 cases; 21.9%) than the error
of identifying a male as a female (656/4560 cases; 14.4%). The
difference between the occurrences of the two possible errors
was found statistically significant, using the McNemar test
(P < 0.001). This result was consistent for the sentence and
for vowel stimuli, analyzed separately, as well as for all stimuli
collapsed together.

Percentage of correct identification: gender

Overall, listeners correctly identified children’s gender based
on their voice in 81.81% of presentations (7461/9120 cases).
Table 2 presents a summary of correct response rate of gender
identification for the sentences and vowels obtained from chil-
dren and adolescents in this study.

Data show that in the younger age groups (ages 8–12), girls
were identified correctly more often than boys, but in the older
age groups (ages 14–18), boys were identified correctly more
often. Consequently, overall identification rate was higher for
boys than for girls (85.61% vs 78.00%, respectively). In general,
gender identification was better for sentence recordings than
that for vowels (85.39% vs 78.22%, respectively). This advan-
tage of sentences over vowels was observed more consistently
in the younger age groups than in the older groups.

An analysis of variance with a mixed model revealed a main
effect for gender [F(1,37)¼ 99.16, P < 0.001], age group
[F(5,185)¼ 71.30, P < 0.001], and stimuli [F(1,37)¼ 88.06,
P < 0.001]. A significant gender3 age group interaction was
r Boys and Girls and for Sentences and Vowels

By Stimuli

ifference Sentence Vowel Difference

�5.00** 76.71 60.92 15.79*
�9.21** 86.05 71.32 14.73*
�8.55** 83.82 74.21 9.61*
17.24** 89.34 91.05 �1.71NS

25.13** 89.74 84.87 4.87*
26.05** 86.71 86.97 �0.26NS
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found [F(5,185)¼ 82.37, P < 0.001]. To inspect this interac-
tion, a test of effect slices was conducted. It revealed significant
gender differences for all age groups (corrected P < 0.01). This
analysis confirmed that in the three younger age groups, girls
were identified correctly at higher rates than boys, whereas in
the three older age groups, boys were identified correctly
more than girls.

A significant stimuli3 age group interaction was found
[F(5,185)¼ 15.81, P < 0.001]. A test of effect slices was con-
ducted and revealed a significant advantage for sentences over
vowels in the three younger age groups and in the 16-year-old
group (corrected P < 0.01).

A significant gender3 stimuli interaction was found
[F(1,37)¼ 28.19, P < 0.001]. This interaction was further in-
spected by a test of effect slices. It revealed that although senten-
ces were identified correctly more often than vowels in most
cases, the numerical difference between the stimuli was larger
for boys than for girls (11.23% vs 3.11%, respectively). Concur-
rently, the numerical difference between genders (ie, boys iden-
tified correctly more often than girls) was larger for sentences
than for vowels (11.67% vs 3.55%, respectively).

Figure 1 illustrates correct gender identification rates ob-
tained for sentences (Figure 1A) and vowels (Figure 1B) for
boys and girls in the six age groups.

Correlation between chronological and perceived

age

For all stimuli, an overall Pearson correlation coefficient value
of r¼ 0.85 (P < 0.001) was obtained between chronological
FIGURE 1. Correct gender identification rates for boys and girls in

the six age groups for (A) sentences and (B) vowels.
and perceived age. Similar values were found for sentences
(r¼ 0.87, P < 0.001) and vowels (r¼ 0.83, P < 0.001).
Figure 2 presents a scatter plot of chronological versus per-
ceived age, for boys and girls, obtained for sentences
(Figure 2A) and vowels (Figure 2B), as well as correlation
coefficients.
In addition to the strong correlation between chronological

and perceived age, this figure demonstrates that listeners’ re-
sponses varied mostly around ±1 age group (2 years). The
only exception for that was the 18-year-old female group, which
was more scattered. Furthermore, older girls (aged 14 years or
older) were typically identified as younger than their chronolog-
ical age.
Percentage of correct identification: age

Overall, listeners assigned children to their age group accurately
in 3389 of 9120 cases (37.16%). Table 3 presents a summary of
correct age identification rates for the recordings of sentences
and vowels obtained from the children in this study.
FIGURE 2. Correlation between the chronological and biological

age in the boys and girls groups, for the (A) sentences stimuli and

(B) vowel stimuli.



TABLE 3.

Summary of Correct Assignment to the Six Age Groups by Gender (Boys and Girls) and Stimuli (Sentences and Vowels)

Age Group (y) Overall

Gender Stimuli

Boys Girls Difference Sentence Vowel Difference

8 52.70 45.53 59.87 �14.34* 61.58 43.82 17.79*
10 38.62 44.61 32.63 11.98* 41.32 35.92 5.40*
12 35.53 36.97 34.08 2.89NS 35.92 35.13 0.79NS

14 36.12 33.03 39.21 �6.18* 36.84 35.39 1.45NS

16 38.03 50.53 25.53 25.00* 39.74 36.32 3.42NS

18 21.90 35.66 8.16 27.50* 22.11 21.71 0.40NS

Abbreviation: NS, not significant.
*P < 0.05.

FIGURE 3. Correct age group identification rates for recordings of

(A) sentences and (B) vowels in the six age groups.
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Data show that boys were assigned to their correct age group
more frequently than girls (41.05% vs 33.23%, respectively). In
general, assignment to the correct age group was performed bet-
ter, based on recordings of sentences rather than vowels
(39.58% vs 34.71%, respectively).

Statistical analysis, using analysis of variance with a mixed
model revealed a main effect for gender [F(1,37)¼ 64.18,
P < 0.001], age group [F(5,185)¼ 67.49, P < 0.001], and stim-
uli [F(1,37)¼ 24.96, P < 0.001]. A significant gender3 age
interactionwas found [F(5,185)¼ 49.54,P < 0.001]. To explore
this interaction, a test of effect slices was conducted and
revealed significant gender differences in all age groups, except
for the 12-year-old group (corrected P < 0.01). As demonstrated
in Table 3, girls in the youngest age group (8 years) were as-
signed correctly to their age group at the highest rates, compared
with all other groups. In contrast, girls in the two older groups
(16 and 18 years) were typically assigned incorrectly to a youn-
ger category than their actual age group.

A significant stimuli3 age interaction was found
[F(5,185)¼ 7.62, P < 0.001]. To explore this interaction, a test
of effect slices revealed that although a consistent advantage
for sentences was observed, it was statistically significant only
in the two younger age groups (P < 0.05), whereas it failed to
reach statistical significance in all other age groups.

A significant gender3 stimuli interaction was found
[F(1,37)¼ 5.69,P¼ 0.022].A test of effect slices revealed a sig-
nificant gender difference in both stimuli (P < 0.01). Although
the advantage for sentences over vowels was observed in both
genders, this difference was statistically significant only for
boys (P < 0.001) but failed to reach statistical significance for
girls (P¼ 0.073).

Figure 3 illustrates the correct assignment rates of the children
to their age groups, based on recordings of sentences
(Figure 3A) and vowels (Figure 3B), for boys and girls in the
six age groups.

To further explore listeners’ ability to identify children’s age
based on their voice, the distribution of the listeners’ responses
to the age question was examined. Table 4 presents the distribu-
tion of the listeners’ responses to the age question, for both gen-
ders within each age group, and mean correct response rates for
each age group, when an error of ±1 age group was allowed.
With a ±1 age group error, mean correct age identification
rate was 87.04% for boys and 74.45% for girls, with an overall
mean value of 80.75%. Inspection of the data shows that when
listeners judged boys’ age inaccurately, they tended to identify
them as older, while tending to judge older girls (age 14–18) as
younger.
Physical characteristics effect

To evaluate the possible contribution of the children’s physical
characteristics to the listeners’ ability to identify speakers’ gen-
der and age, a linear regression analysis was performed. In this
analysis, the dependent variable was defined as percentage of



TABLE 4.

Distribution of Listeners’ Responses to the Age Question for Boys and Girls Within Each Age Group and Overall

Identification Rates with ±1 Age Group

Gender Age Group (y)

Perceived Age, %

±1 Age Group, %8 10 12 14 16 18

Boys 8 45.53 39.21 12.24 2.89 0.13 0.00 84.74
10 14.61 44.61 27.11 12.63 1.05 0.00 86.32
12 1.71 23.42 36.97 28.03 8.03 1.84 88.42
14 0.00 1.71 11.71 33.03 35.39 18.16 80.13
16 0.00 0.13 1.97 18.03 50.53 29.34 97.89
18 0.00 0.26 0.66 14.34 49.08 35.66 84.74

Girls 8 59.87 31.84 6.84 1.32 0.13 0.00 97.71
10 37.89 32.63 18.42 8.03 2.24 0.79 88.95
12 1.71 20.92 34.08 28.29 12.50 2.50 83.29
14 0.92 11.58 31.32 39.21 13.16 3.82 83.68
16 0.79 8.68 21.71 32.76 25.52 10.53 68.82
18 0.39 7.37 30.53 31.45 22.11 8.16 30.26
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correct identification of age/gender and the candidate variables
for entering the model were age, gender, height, weight, neck
circumference, and the age 3 gender interaction.

Analyses were performed separately for the two stimuli
(vowels and sentences). Three model-building approaches
were used: forced entry (all variables in the model), forward se-
lection, and backward elimination. Whenever the interaction
between age and gender was significant, both parameters
were forced into the model to ensure correct estimation.
Table 5 presents P values and parameter estimates for the mea-
sures included in the three analyses.

Results show that correct age identification in vowels was
associated significantly with gender (P < 0.0001) and
age3 gender interaction (P < 0.0001) but not with age. For
the sentences stimuli, age identification was associated signifi-
cantly with chronological age (P¼ 0.0139), and age 3 gender
interaction (P¼ 0.0122) but not with gender. None of the chil-
dren’s physical characteristics (height,weight, and neck circum-
ference) were associated with correct age identification in both
stimuli.

Different results were obtained when the same analysis was
performed for gender identification. These are presented in
Table 6. For the vowels stimuli, gender, age 3 gender interac-
tion, and height were significantly associated with gender iden-
TABLE 5.

Summary of Results of the Linear Regression Model for Age Id

Variable DF

Vowels

Parameter Estimate

Intercept 1 0.30458
Age 1 0.00045
Gender 1 0.50426
Age 3 gender 1 �0.00359

Abbreviation: DF, degrees of freedom.
tification (P¼ 0.0003, 0.0004, 0.0088, respectively). Age,
weight, and neck circumference were not associated with gen-
der identification. For sentences stimuli, the linear regression
yielded inconsistent results: the forward selection approach
resulted in amodel including height (P¼ 0.0017), age3 gender
interaction (P¼ 0.0411), and gender (P¼ 0.2224). However,
when age was forced into the model, none of the parameters
showed significant association with gender identification.
Weight and neck circumference were not associated with gen-
der identification in either of the stimuli.
Finally, to examine the possibility that listeners who have

children might respond differently from those who do not
have children, a comparison between the mean correct identifi-
cation score (calculated average for gender and age identifica-
tion obtained for each listener) in the two subgroups was
performed. Of the 38 listeners, 19 had children and 19 did
not. The mean correct identification score was 59.68% for the
‘‘mothers’’ group and 59.26% for the ‘‘nonmothers’’ group.
This minor difference was fond statistically insignificant, using
a two-sample t test (t36¼ 0.49,P¼ 0.625). Furthermore, a Pear-
son correlation between the number of children each listener
had and her correct response rates yielded a nonsignificant re-
sult (r¼ 0.0279, P¼ 0.868). These results show that listeners’
responses were not different for mothers and nonmothers.
entification

Sentences

P Value Parameter Estimate P Value

0.0003 0.66453 <0.0001
0.3744 �0.00141 0.0139

<0.0001 0.21519 0.0955
<0.0001 �0.00203 0.0122



TABLE 6.

Summary of Results of the Linear Regression Model for Gender Identification

Variable DF

Sentences Vowels

Parameter Estimate P Value Parameter Estimate P Value

Intercept 1 0.25168 0.3096 �0.52357 0.0416
Age 1 �0.00016 0.9038 0.00143 0.2991
Gender 1 0.15062 0.3352 0.59757 0.0003
Height 1 0.00440 0.0900 0.00707 0.0088
Age3 gender 1 �0.00152 0.1324 �0.00376 0.0004

Abbreviation: DF, degrees of freedom.
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DISCUSSION

The aim of this study was to evaluate listeners’ ability to iden-
tify children’s gender and age, based on their voice. In general,
listeners demonstrated the ability of identifying gender and age
well above chance. Gender was identified correctly in close to
82% of cases, and age group was assigned correctly in over
37%. Moreover, when a single age group error was allowed,
success in the age group assignment task exceeded 80%.

Listeners’ ability to identify speakers’ gender in adults, based
on recordings of their voice,was demonstrated inmany previous
studies.5,7,14,25 On the other hand, the ability to identify
children’s gender, based on their voice, was examined only in
a relatively limited number of studies. This could be probably
attributed mainly to the classic view that until puberty there
are no pronounced physical differences between the male and
female larynges,17 thus assuming that there would be no vocal
differences between genders. Nonetheless, studies that exam-
ined this view have questioned this assumption. In one study18

in which voices of children in the age range of 6–8 years were
evaluated, it was reported that gender identification rates ranged
between 61% and 81%. In a later study26 that included children
in four age groups (4, 8, 12, and 16 years), it was reported that
correct gender identification rates varied between 56% and
99.7%. In contrast to these two studies, Traunm€uller and
Bezooijen19 reported that listeners had difficulties in identifying
young children’s gender, based on their voice. In that study, lis-
teners were asked to identify the gender of children aged 5, 7, 9,
and 11 years, and correct identification rates ranged between
8% and 40%.

The differences in the results among these past studies can be
explained primarily by methodological differences. Listeners’
success in the gender identification task is, apparently, affected
by children’s age, their gender, and the type of the recorded sig-
nal. Whereas previous studies examined limited age ranges, the
present study examined voice recordings of children between
the ages of 8–18 years (ie, pre- and postpuberty). Data show
that, indeed, these three parameters (children’s age, gender,
and stimuli) have affected gender identification rates. Whereas
girls were identified correctly at a consistent rate of approxi-
mately 80%, across all age groups (pre- and postpuberty),
boys’ identification rates varied significantly. Before the voice
transition at puberty (ie, age groups 8–12 years), boys were
identified correctly at approximately 60%, based on productions
of isolated vowels and at approximately 80% based on senten-
ces. In contrast, after puberty (ie, age groups 14–18 years),
boys were identified correctly almost unanimously.

These results lead to several conclusions. First, the increase
in correct perceptual rates of gender and age of younger versus
older boys was observed around the age in which voice change
(ie, vocal mutation) typically occurs.17 Our data show that the
voices of boys after puberty carry acoustic information that
enables listeners to identify their gender with absolute certainty,
whereas girls in the same age groups are identified correctly at
lower rates. Because the present study is perceptual, we cur-
rently cannot ascertain the acoustic features on which listeners
relied in making the gender judgment. Yet, it is clear that
whereas girls are identified similarly at all age groups, boys’
identification rates improve after puberty. Previous studies
have concluded that the rapid laryngeal development observed
in boys during puberty leads to a prominent acoustic change of
a lowering of the fundamental frequency, which is perceived by
listeners as a pronounced drop in pitch.27–29 This vocal change
was reported to occur between the ages of 12.5 and 14.5 years.30

The parallel change in girls is lesser in magnitude, and it is
spread over a longer period than in boys; thus it produces
a smaller and slower perceptual change in pitch. This fact is ev-
ident in the prominent elevation in correct identification rates of
male voices around puberty, in comparison with the relatively
stable rates observed for female voices.

Differences in vocal tract dimensions between boys and girls
were also explored in previous studies. Aronson,17 for example,
reported that until puberty, there are no physical differences in
larynx size between boys and girls. Fitch and Giedd29 added
to that and reported a lack ofmorphological differences between
genders in articulatory mechanism. On the other hand, other
studies have reported on specific gender-related differences
between genders, such as pharyngeal length31 or oral tract
length.32 Regardless of this controversy, most researchers agree
that even prepuberty voice carries gender-related acoustic infor-
mation.26,33,34 These studies suggested that the acoustic cues for
gender in prepubescent children are related primarily to the
supraglottis (ie, vocal track), while fundamental frequency is
perceived as providing only secondary cues at this age range.
However, after puberty, as fundamental frequency differences
grow to be more prominent, they become a dominating cue
for gender recognition.
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The assumption that listeners rely on supraglottal features of
speech for identification of gender in young children is sup-
ported by our results. When young boys produced isolated
vowels, they were identified correctly as males at a rate of
approximately 60%. On the other hand, when they produced
speech, listeners were able to identify their gender correctly at
over 80%. This improvement in gender identification was
observed only for boys, but not for girls. Apparently, the young
boys’ speech signal carries acoustic information that listeners
can use for identification of their gender. This acoustic informa-
tion is not presented (or less pronounced) in isolated vowels.
The speech signal provides coarticulation and prosody dynamic
cues, beyond the fundamental frequency and the static supra-
glottal cues, which are provided in isolated vowels. Therefore,
it is assumed that boys are making vocal tract and articulatory
adjustments during speech, which enables listeners to identify
them correctly. The explanation for the fact that young boys
modify their speech differently than girls and that this modifica-
tion is perceived by listeners as a perceptual cue for gender is
beyond the scope of the present study. Yet, these findings
seem to have implications to cultural and social dimensions
of gender boundaries and gender identity, which should be
explored in future research.

Identification of chronological age of adult speakers was
shown to be a feasible task for listeners.21–23,35,36 We were
unable, however, to identify previous studies that evaluated
listeners’ ability to perform this task based on voices of
children. Our results show that listeners were able to identify
children’s age well above chance. Moreover, when an error
of ±1 age group was allowed, listeners were able to identify
the children’s age correctly between 68% and 98%.

Interestingly, although similar age identification rates were
observed for both genders inmost age groups, the one consistent
findingwas that older girls (ages 16–18)were identified as youn-
ger than their chronological age (Figure 3). Our findings do not
provide a clear explanation for this result. In should be noted that
although the increase in correct identification rate in the younger
group (8 years) might be partially explained by a ‘‘floor effect,’’
the lowering in the identification rate in the 18-year-old group
cannot be explained by any equivalent statistic effect. It is pos-
sible, thus, that sociolinguistic factors have contributed to this
finding, as it cannot be readily explained by physiological or de-
velopmental factors. Lee et al,34 for example, suggested that
there are gender differences in phonation and articulation that
can be observed in childhood and adolescence and that these dif-
ferences are attributed to sociocultural effects. It was suggested
that boys attempt to produce a moremasculine voice and speech
pattern by adopting a lower pitch than their optimal pitch, low-
ering their jaw, and modifying the extent of lip rounding.33,34,37

It is possible, thus, that such factors have contributed to the fact
that the older girls were judged as younger, whereas boys were
identified at a relatively stable rate across all age groups.
CONCLUSIONS

Although listeners’ perception of speakers’ gender and age is
considered an intuitive task, relatively little is known about
the manner in which it is done. The present study demonstrated
that listeners are capable of identifying gender and age of chil-
dren and adolescents, based on brief recordings of their voice
and speech. It provides support to the assumption that there
are audible differences between genders, that can be perceived
by listeners even before the voice change that occurs in puberty.
Future studies should correlate these findings with acoustic and
more extensive physiological data and sociocultural factors.
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