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Effect of speaker gender in bisyllable nonsense open-set speech 1dentifi- Acoustic analysis B. Post-alveolar ﬁ‘icatives D. Vowels
cation test was studied. Four female and four male speakers were recruited to Spectral analysis was carried out to identify the spectral ranges and spectral B CHCSHOR SROIERTRR BREPESS THED An example of the phonemes » Effects of speaker gender differences are not unique to phonemes with high-
produce the source material. One female and male voice were selected for a  ceniroids for all consonants. The locations of spectral peaks and shapes of spec- that demonstarte the gender frequency componets caused by frication.
final speech test implementation based on clarity and correctness of their pro- 3] envelopes were measured using FFT. The analyis was carried out on each B0 : differences effectively in both - Differences in the formant locations between male and female speakers are
nunciation. Acoustic analysis was carried out to evaluate the differences in the phoneme, and phoneme position individually. —male acoustic analysis and in 1denti- a result of the differences in vocal tract lengths.
acoustic CUucs pI'OdllC@d by the two speakers. In addition, 9 normal hearing test 60 """""""""""" """"""""""" é....—ferr?ale """""" i ﬁcation test I'GSUItS iS post—alve— 100 Viewel. Igentieation scores-Unaer low-pass filtering o Measured f()rmant peak locati()ns f()r

the materials used in the current test cor-

subjects were recruited to evaluate the phoneme identification with five differ- Iden tiﬁcation test olar fricatives (/|/, and /3/)). The
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ent low-pass filtering conditions. Objective and subjective measures providing Nine normal hearing subjects (determined as HL less than 10dB at 500Hz, ¢ | . identification score at 2000Hz is SRR /S B responded closely to those reported in
details of gender effects in speech test development are reported. 1000Hz, 2000Hz, 4000Hz) were recruited to evaluate the effects of gender in 55% lower for source material g  // + literature for average male and female
the identification of the source material. In addition to using wideband stimuli, produced by a female speaker : 0 N T N N speakers

* The greatest differences between the
male and female formants were mea-
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low-pass filtering conditions with cut-off frequencies 4000Hz, 2000Hz, 1500Hz, . 500 1000 1500 2000 4000 fullband than for material prpduced by
I NTROD U CTI ON 1000Hz, and 500Hz were applied to the source material to systematically re- S (:W;paf 'I efr_mtq Cfu _Ol :efqulem” T]-. a male speech material. Acous-
. 40 pec I'Ello post-alveolar I;Ica ves orlmaeallw emale source I‘T|186I'Ia tiC analysis also ShOWS that the

duce the availability of high frequency cues. Differrent test conditions used in — e R T T sured at F2 where the difference was
A nonsense speech test was developed to allow systematic analysis of pho-  yiee. ¢ ti01s were counter balanced. - location of the spectral peak of o o up to 600Hz (/1/).

neme level error patterns. Typically speech tests have been implemented using N the female speaker is around o i » Theidentification accuracy was 9.2%
only one speaker; more specifically a male voice. The frequency characteristics RE S U LT S 1000Hz lower than that of () A D lower for female speech material with
of speech produced by female and male speakers are different. Higher funda- o the male speaker (2000Hz vs. e (1) i hn - 1000Hz cut-off frequency (p=0.044);
mental frequency, typical for female speakers, creates more sparse harmonic Tl ’“ 3300Hz). D) ap g e and 15.1% with 500Hz cut-off frequen-
structures for voiced phonemes. Also, high frequency cues of fricative sounds A. All P honemes z 'W\ M I " 0 T cy (p=0.001).
produced by female speaker occupy a higher frequency region than those pro- * Measured long term spectrum was similar between the two speakers. - i A‘Jw iy IR
duced by a male speaker. The sensitivity of the speech test may be compromised ~ * The female speaker has around 4dB lower spectrum at 2300-3300Hz; 5dB | WM + U B Figure 4: Identification scores for vowels and loca-
if male speaker is used for testing the identification of fricative sounds, which ~ lower at 5000-6800Hz; and 5dB higher at 11200-13000Hz. "o s g 00205 a0 e o w0 oo s om0 asto sooo a0 Lions of the first three formants FI, F2, and F'3

have the energy concentrated at the higher frequencies. In addition, this ditfer- * The difference in identification scores between the male and female speak- igure 2. Identification of post-alveolar fricatives and their averaged spectra
ence has a potential of resulting in different phoneme level error-patterns and ers was between 1.5-7.9% depending on the filtering cut-off frequency (p<0.05 D | S C U S S | O N
should be addressed in interpretation of test results. at 2000Hz, 1500Hz, and 500Hz) (Figure 1).

C. Fricatives

The differences 1n nonsense speech test material produced by a male and a

0

* The acoustic analysis for fricative /s/ showed the differences in the location

To study the gender differences, two separate implementations of the test were | . . female speaker were studied using acoustic analysis and listening tests. The
produced, one with source material spoken by a female talker and one with one offrh}le Slp ectlralfpg al;s. (m?ﬂe' 40(1)<O,_SOOOHZT femeltleégdél(;OIHz—96fOOth.). , differences 1n the acoustic characteristics and in 1dentification performance be-
male talker. The current study evaluated the performance differences on these ¢ level o the Irication peak 1s approximately ower 1or this particu- tween the source material produced by the male and female speakers were more

lar speaker.
* The low-pass filtering conditions used 1n the current study were bellow both
of these peak frequencies.
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two test implementations using objective and subjective measures.
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pronounced for only some speech sounds. The effect was greatest 1n 1dentifica-

tion of post-alveolar consonants. Other phoneme groups affected by the gender
The speech test used 1n this study was designed specifically as an analysis S N N MU S M.t Wik differences were vowels, unvoiced tricatives, nasals, and approximants.

tool for testing the effectiveness of hearing aid features which primary goal is to o e When evaluating the effectiveness of hearing aid features designed to address

improve the audibility of higher frequencies. The new speech test stimuli con- Phoneme dtft d ow-pass fitering Bl o the audibility of high frequency cues, the effects may be only seen for a particu-
lar set of speech sounds. In addition, these effects may be more readily seen for

sisted of 25 American English consonants coupled with five vowels in initial, R R R =
medial, and final positions resulting 1n as list of 115 CVCVC nonsense sylla- sounds produced by a female speaker than by a male. A careful analysis of the
source material at phoneme level helps 1n the correct interpretation of the re-

bles. Source material was recorded using 44.1kHz audio sampling frequency in
an audiometric test booth using a high-fidelity condenser microphone. The re- sults, and ensures that those effects which are specific to only subset of speech
sounds will be noticed.
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corded source material was edited and equalized for uniform presentation level

using 50 ms sliding window peak RMS. o e |
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Figure 1. The long term acoustic spectrum and identification results for all Figure 3. The acoustic spectra of voiceless fricative /s/



