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Formant frequency changes of female voice /a/, /i/, /u/ in real ear
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Abstract

Formant frequencies depend on the position of tongue, the shape of lips, and larynx. In the auditory system, the external
ear canal is an open-end resonator, which can modify the voice characteristics. This study investigates the effect of the real
ear on formant frequencies. Fifteen subjects ranging from 22 to 30 years of age participated in the study. This study
employed three corner vowels: the low central vowel /a/, the high front vowel /i/, and the high back vowel /u/. For this
study, the voice of a well-educated undergraduate who majored in speech-language pathology, was recorded with a high
performance condenser microphone placed in the upper pinna and in the ear canal. Paired t-test showed that there were
significant difference in the formant frequencies of F1, F2, F3, and F4 between the free field and the real ear. For /a/, all
formant frequencies decreased significantly in the real ear. For /i/, F2 increased and F3 and F4 decreased. For /u/, F1 and
F2 increased, but F3 and F4 decreased. It seems that these voice modifications in the real ear contribute to interpreting
voice quality and understanding speech, timbre, and individual characteristics, which are influenced by the shape of the
outer ear and external ear canal in such a way that formant frequencies become centralized in the vowel space.
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Table 1. Formant frequencies recorded in free field and the external auditory canal.

Formant Frequencies (Hz)

F1 F2 F3 F4
Sample Voice (Woman's voice)
b 73441 1,130.68 3,223.18 3,982.85
| 241.60 771.75 2,805.71 3,947.83
T 272.39 945.81 2,997.76 4,396.17
Recorded in Free Field
b 927.87+54.76 1,213.95+66.44 3,686.19+146.64 4,685.55+215.16
| 325.80+38.06 602.23+95.61 2,834.49+256.56 3,853.23+145.98
T 321.99426.44 913.16+39.06 2,923.35+ 91.52 4,227.81+141.89
Recorded in the External Auditory Canal
b *518.36+58.33 %1,032.12+ 72.59 ®1,584.34+138.67 ®3,066.21+168.34
| 329.83+42.47 *1,033.59+113.09 *1,879.01+189.67 *3,093.09+206.80
T *350.90+31.05 94798+ 47.99 *1,837.66+142.80 *3,069.76+246.53
p< 0.05

2 1. o)) 33} 9lo] = ) ol B 517,
Figure 1. Microphone located over the pinna and
into the external auditory canal.
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Figure 2. Change of F1 and F2 in real ear.
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