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  To study the perception of speaker age in children's voices, adult listeners were presented with vowels in /hVd/ syllables, either in isolation or
in a carrier sentence. Listeners used a graphical slider to register their estimate of the speaker's age. The data showed a moderate correlation of
perceived age and chronological age. For isolated syllables, age estimation accuracy was fairly constant across age up to about age 11, but there
was a systematic tendency for listeners to underestimate the ages of older girls. This error pattern was actually exaggerated when listeners were
informed of the speaker's sex. Age estimation accuracy was higher for syllables embedded in a carrier sentence, and knowledge of the speaker's
sex had little effect. Linear regression analyses were conducted using acoustic measurements of the stimuli to predict perceived age. These
analyses indicated significant contributions of fundamental frequency, duration, vowel category, formant frequencies as well as certain
measures related to the voicing source. The persistent underestimation of age for older girls, and the effect knowledge of speaker sex has on this
underestimation suggest that acoustic information is combined with expectations regarding speakers of a given sex in arriving at an estimate of
speaker age.
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INTRODUCTION  

When attending to a recording of an unfamiliar voice, listeners form an immediate impression of the speaker’s 
sex, age, and physical size, along with other personal attributes often collectively referred to as indexical properties 
(Abercrombie, 1967). Information about the speaker is extracted in tandem with processing of the linguistic 
message; the overall aim of the present research is to study how these processes interact. The perception of age in 
children’s voices is particularly interesting because age-related changes in the voice are correlated with substantial 
changes in physical size. Children’s vocal tracts are shorter, leading to higher formant frequencies, and their 
larynges are smaller, resulting in higher average fundamental frequency (f0). These properties determine the 
phonetic properties of speech but also affect the perceived age, sex, and size of the speaker. As part of a larger study 
to investigate the interaction between indexical and phonetic aspects we presented a sample of speech sounds 
spoken by children ranging in age from 5 through 18 years to adult listeners and asked them to judge the age of the 
speaker. 

The literature on the perception of vocal age is relatively sparse. Several studies have found that listeners can 
estimate the age of the speaker with varying degrees of success depending on the speech material, the characteristics 
of the speech sample and the task (for reviews see Linville, 2001; Schötz, 2007). Some studies have asked listeners 
to assign voices to discrete categories or age ranges (e.g., Ptacek and Sanders, 1966) while others have used direct 
magnitude estimation (e.g., Harnsberger et al., 2008). In these studies, perceived age generally shows a moderate 
correlation with chronological age (with correlation coefficients of r=0.7 or higher in several studies). However, few 
studies have examined children’s voices. One exception is a recent study by Amir et al. (2012) who found better 
than chance accuracy for age identification in a sample of speech (vowels and sentences) recorded from 120 
children, including boys and girls from six age groups (ages 8, 10, 12, 14, 16, and 18). Age recognition accuracy 
(defined in terms of age categories spanning 2 years) was fairly low (40% for sentences, 35% for vowels) with the 
lowest performance for the oldest group where there was a tendency to systematically underestimate the perceived 
age in female voices. However, the authors noted that a large proportion of the errors involved assigning the speaker 
to an adjacent age category. Gender recognition was fairly accurate (85% for sentences, 78% for vowels) with 
overall higher accuracy for the older children, but the results showed lower accuracy for the older girls compared to 
the older boys. Age estimation was more accurate for sentences compared to vowels (about 5 percentage points 
improvement, on average).  

The present study was designed to replicate and extend the findings of Amir et al. (2012) using a sample of 
American English speaking children to answer the following questions. (1) Does knowing the sex of the speaker help 
determine their age? We previously found (Assmann and Nearey, 2011)  that providing information about the age of 
the speaker provides a small benefit, under some circumstances, for judging whether the speaker is male or female. 
Here we ask if information about the speaker's sex provides a corresponding benefit for judgments of perceived age. 
(2) To what extent is perceived age dependent on phonetic context? Previous studies (Hillenbrand and Clark, 2009; 
Assmann and Nearey 2011) have shown that listeners can identify the sex of the speaker more accurately from 
sentences than from single syllables. Amir et al. (2012) found higher accuracy for the perception of age in children's 
voices based on complete sentences rather than isolated vowels, sustained tokens of /a/ and /i/. In the present study 
we compared hVd syllables spoken in isolation with those same syllables embedded in a carrier sentence.  

METHOD

Stimuli: The stimuli were recorded syllables and sentences drawn from a vowel database (Assmann et al., 2008) 
of 208 children ranging in age from 5 to 18 years. In the syllable condition, 140 speakers (5 boys and 5 girls at each 
age level) contributed 3 syllables: /���/ (“heed”), /���/ (“hod”), and /���/ (“who’d”) for a total of 420 stimuli. In the 
sentence condition (tested with a separate group of listeners) a subset of 84 of speakers was included, for a total of 
252 stimuli (3 boys and 3 girls at each age level, each speaking the same 3 syllables in a carrier sentence ("Please 
say the word _____ again"). The number of speakers was reduced in the sentence condition to keep the experiment 
to a reasonable length. 

Participants: Two separate groups of 24 listeners completed the syllable and sentence conditions; of these, 12 
were provided with gender information on each trial prior to responding, and 12 were not. The listeners were 
undergraduate students at the University of Texas at Dallas, native speakers of American English with normal 
hearing who received experimental credits for their participation. Prior to the experiment they completed a hearing 
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