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Background and Objectives  Although many cochlear implant (CI) recipients receive sig-
nificant benefits from using the implants, speech perception ability is still known to vary
among CI users, and the variability is closely related to the ability of users to process temporal
information. As one of the important temporal cues for speech perception in CI users, voice
onset time (VOT) can be used to examine behavioral perception and neural correlates of tem-
poral processing. In this study, we measured categorical perception and N1-P2 cortical audito-
ry evoked potentials (CAEPSs) using a /ba/-/pa/ VOT continuum in CI users as well as in nor-
mal-hearing (NH) listeners.

Subjects and Method Ten CI subjects and 11 NH controls participated in syllable identifi-
cation tasks and in electroencephalography recording. CI subjects were divided into two
groups, which were ‘good’ and ‘poor’ performers based on their speech perception scores.
The stimuli used in both experiments were a synthetic /ba/-/pa/ VOT continuum. The identifi-
cation boundary and N1-P2 peak-to-peak amplitude were measured for each subject group.
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plitudes in both good and poor CI performers were significantly smaller than those in NH group.
Conclusion N1-P2 amplitudes reflected decreased auditory cortical activity of temporal
cues in CI users. The categorical perception of good CI performers was similar to that of NH
listeners, whereas their cortical responses were decreased to the level similar to that of poor
CI performers. This finding indicates that CAEPs would be more sensitive to altered temporal
processing of CI users than to behavioral measures.
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Table 1. Clinical features of study group of 10 adult Cl recipients

Categorical Perception in Cl User I Park JH, et al.

Cl Age . Stimulated Duration of  Cluse Device/ Processing Etiology of
user (years) CClie A Gl ear deafness (year) (year) processor strategy hearing loss
01 32 F Bilateral Left 20 9 Nucleus/CI24RE ACE Congenital

02 34 F Bilateral Right 33 12 Nucleus/Esprint 22 SPEAK Hereditary

03 37 F Bilateral Right 37 11 Nucleus/CI24RE ACE Congenital

04 45 F Bilateral Right 37 4 Nucleus/CI512 ACE Unknown

05 45 F Bilateral Right 38 10 Nucleus/CI24RE SPEAK Unknown

06 54 M Bilateral Left 15 4 Med EI/Opus 2 FSP Meniere's disease
07 59 M Bilateral Right 11 1 Nucleus/CI24RE ACE Noise induced
08 63 F Bilateral Right 35 3 Nucleus/CI512 ACE Genetic

09 69 M Bilateral Left 22 2 Med EI/Opus 2 FSP Genetic

10 74 M Unilateral Left 12 5 Nucleus/CI24RE ACE Unknown

Cl: cochlear implant, ACE: advanced combination encoder, SPEAK: spectral peak, FSP: fine strcture processing
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Fig. 1. Acoustic and spectrogram of VOT stimuli. The stimuli were
ranged from 0 ms to 50 ms in VOT duration, and total duration of
stimulus was 180 ms. As the VOT duration increases, speech
perception changed such that VOTs of 0—10 ms are perceived as
/bal, and VOTs of 30—50 ms are perceived as /pal. The categori-
cal perception between /ba/ and /pa/ was observed at approxi-
mately 20 ms VOT. VOT: voice onset time.
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Fig. 2. Mean identification function for the /ba/-/pa/ continuum are
shown for the NH group, good CI group, and poor CI group. Note
that the identification boundary between /ba/ and /pa/ was ob-
served at 19.7 ms, and at 21.8 ms for NH and good CI performers,
respectively while the boundary was delayed to 27 ms in poor Cl
performers. The dotted lines indicate the identification boundaries
for each group. NH: normal-hearing, Cl: cochlear implant, VOT:
voice onset time.

Table 2. Summary of behavioral test for Cl group

Categorical Perception in Cl User I Park JH, et al.
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VOTOll gt N1-P2 B & zjo|& AlAlsto] A =gt
OF vt gt e SAE &Eﬁ% AlYstATHFig. 5).
I A3} A=SFG, 90)=3.2, p<0.0512 IF[FQ, 18)=71, p
<0.01°lA 5= a3+E 2‘12134 :@&%% Ho|z| ¢kokrt
[F(10, 90)=1.4, p>0.05]. Z+ gjA<tof| tigt Tukey HSD A%
4 Auto M= AT NI-P2 HEZAp} 9= Clkd|
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0.01), 12|31 50(p<0.01) msE 7F VOTIA & ZA| e}
o Az CIZd HlasiA % 0(p<0.001), 10(p<0.001),
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VOT (ms) 0 10 20 30 40 50
Cluser ba pa NR ba pa NR ba pa NR ba pa NR ba pa NR ba pa NR
01 975 1.0 1.5 924 63 1.3 481 589 3.0 227 745 28 33 944 23 23 964 1.3
02 988 08 05 928 05 18 935 50 1.5 335 628 38 7.5 908 1.8 1.3 983 0.5
03 68.5 60 255 683 7.0 248 393 258 350 103 63.0 26.8 53 683 265 40 720 240
04 977 18 05 785 167 48 11.7 851 33 08 977 1.5 03 980 1.8 00 992 08
05 81.5 11.0 75 773 135 93 450 463 88 200 705 95 105 808 88 7.8 863 6.0
06 980 14 06 93 20 17 280 700 20 3.4 954 1.1 0.6 98.6 0.9 0.0 99.1 0.9
07 855 60 85 813 73 11,5 595 275 130 178 69.0 133 10.0 740 16.0 70 850 80
08 950 1.3 38 898 38 65 420 420 160 1.3 903 85 1.0 938 53 1.5 925 6.0
09 774 103 123 772 93 135 31.0 528 16.1 33 895 7.1 2.6 887 87 23 905 7.2
10 918 33 50 772 23 206 748 148 105 58 875 68 28 900 73 1.5 928 58

Cl: cochlear implant, VOT: voice onset time, NR: no response
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Fig. 3. /pal identification function for individual subjects. Note that the Cl subjects had more variable identification functions compared
to NH subjects. Cl: cochlear implant, NH: normal-hearing, VOT: voice onset time.

Grand averages: N1-P2 in VOT continuum
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Fig. 4. Group averaged waveforms to all VOTs for NH listeners,
good performers, and poor performers recorded from fronto-cen-
tral area. VOT: voice onset time, NH: normal-hearing, CI: cochlear
implant.
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cate statistically significant differences between groups (p<0.05).
NH: normal-hearing, Cl: cochlear implant, VOT: voice onset time,
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