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ABSTRACT: It is widely acknowledged that the human auditory system is organized tonotopically and people
generally listen to sounds as a function of frequency distribution through the auditory system. However, it is still
unclear how acoustic features of speech sounds are indicated to the human brain in terms of speech perception.
Thus, the purpose of this study is to investigate whether two sounds with similar high-frequency characteristics
in the acoustic analysis show similar results at the level of auditory brainstem. Thirty three young adults with
normal hearing participated in the study. As stimuli, two Korean monosyllables (i.e., /ja/ and /cha/) and four
frequencies of toneburst (i.e., 500, 1000, 2000, and 4000 Hz) were used to elicit the auditory brainstem response
(ABR). Measures of monosyllable and toneburst were highly replicable and the wave V of waveform was detectable
in all subjects. In the results of Pearson correlation analysis, the /ja/ syllable had a high correlation with 4000 Hz
of toneburst which means that its acoustic characteristics (i.e., 3671~5384 Hz) showed the same results in the
brainstem. However, the /cha/ syllable had a high correlation with 1000 and 2000 Hz of toneburst although it has
acoustical distribution of 3362~5412 Hz. We concluded that there was disagreement between acoustic features and
physiology outcomes at the auditory brainstem level. This finding suggests that an acoustical-perceptual mapping
study is needed to scrutinize human speech perception.
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Table 1. Acoustic analysis of monosyllables /ja/ and /cha/ using Praat.

lja/ /cha/
Total syllable duration (s) 0.382 0.419
Voice onset time (s) 0.070 0.103
Consonant duration (s) 0.070 0.103
Vowel duration (s) 0.312 0316
Fundamental frequency (Hz) 103.218 115.923
F1 (Hz) 865.983 867.492
Formants F2 (Hz) 1325.834 1407.283
F3 (Hz) 2684.515 2662.738
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Fig. 1. Grand average waveform as a function of intensity; (a) 500-Hz toneburst, (b) 1000-Hz toneburst, (c)
2000-Hz toneburst, (d) 4000-Hz toneburst, (e) monosyllable /ja/, (f) monosyllable /cha/. See the Appendix 1 for

exact numerical values of the grand average.
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Table 2. Results of Pearson correlation analysis
between monosyllables and toneburst.

Monosyllable Toneburst r p

4000 Hz 30 dB nHL | -0.38* | 0.03
4000 Hz 20 dB nHL | -0.38* | 0.03
500 Hz 20 dB nHL | 0.38* | 0.03
/ja/ 70 dB nHL | 4000 Hz 30 dB nHL |-0.49%*| 0.00
4000 Hz 20 dB nHL | -0.41* | 0.02
/ja/ 50 dB nHL | 500 Hz 20 dB nHL | 0.53** | 0.00
/cha/ 80 dB nHL | 2000 Hz 40 dB nHL | -0.40* | 0.02
1000 Hz 70 dB nHL | 0.36* | 0.04
2000 Hz 80 dB nHL | 0.48** | 0.00
2000 Hz 70 dB nHL | 0.41* | 0.02
2000 Hz 60 dB nHL | 0.38* | 0.03
1000 Hz 70 dB nHL | 0.36* | 0.04
1000 Hz 60 dB nHL | 0.35* | 0.05
/cha/ 40 dB nHL | 2000 Hz 80 dB nHL | 0.48** | 0.00
2000 Hz 70 dB nHL | 0.46** | 0.01
2000 Hz 60 dB nHL | 0.40* | 0.02
1000 Hz 80 dB nHL | 0.38* | 0.03
/cha/ 30 dB nHL | 2000 Hz 80 dB nHL | 0.47** | 0.01
2000 Hz 70 dB nHL | 0.37* | 0.03
500 Hz 70 dB nHL | -0.37* | 0.03
500 Hz 30 dB nHL | -0.37* | 0.03

/ja/ 80 dB nHL

/cha/ 50 dB nHL

/cha/ 20 dB nHL
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Fig. 4. Diagram for frequency correlation between
monosyllables and toneburst stimuli based on intensity.
Circle means /ja/ whereas the triangle stands for /cha/.
In addition, three squares in the 1000, 2000, 4000 Hz
are a region having a strong relation of two stimuli.
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Appendix 1. Mean latency of the wave V induced by tone burst and monosyllable stimuli as a function of intensity.

Parenthesis means standard deviation.
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