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Objectives. Speech perception abilities, which vary widely among cochlear implant (CI) users, are considered to be associ-
ated with the integrity of the central auditory pathways from the auditory nerve to the cortex. Therefore, auditory
evoked potentials (AEPs) are used to evaluate central auditory processing, which is thought to contribute to speech
perception in CI subjects. In AEPs, the P300 component reflects the cognitive ability of subjects to detect and respond
to stimuli and has most frequently been used and investigated in CI subjects. Other studies have used mismatched
negativity (MMN) to examine central auditory processing. It is important to compare MMN and P300 and examine
the auditory processing mechanisms involved in these components. Our study therefore aimed to investigate the re-
lationship between P300 and MMN using both active and passive hearing paradigms in CI and normal hearing (NH)

subjects.

Methods. Our subjects consisted of 3 CI subjects and 3 NH subjects. An oddball paradigm was used to deliver the stimuli
on both components. The frequent stimuli were 1,000-Hz tone bursts, whereas the rare stimuli were 1,500, 2,000,

and 4,000-Hz.

Results. As the frequency contrasts increased, the P3 latencies increased in the CI subjects. However, the latency in NH
subjects did not change significantly across the frequency contrast conditions. MMNs were identified for both the CI
and NH subjects; the latencies in the CI subjects were longer than those in the NH subjects. However, there were no
differences in the latencies of either the CI or NH subjects in the 3 frequency contrast tasks.

Conclusion. Our results indicated that different auditory processing pathways are involved in the active and passive hear-
ing conditions based on the P300 and MMN data and that a combination of both responses plays an important role
in the comprehension of auditory processing mechanisms in CI subjects.

Key Words. Auditory evoked potential, Cochlear implant, P300, Mismatched negativity

INTRODUCTION

Speech perception abilities vary widely among cochlear implant
(CI) users. These abilities are considered to be associated with
the integrity of the central auditory pathways from the auditory
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nerve to the cortex. Therefore, auditory evoked potentials (AEPs)
are used to evaluate central auditory processing, which is thought
to contribute to speech perception in CI subjects (1).

Several studies have attempted to investigate the differences
between CI subjects and normal hearing (NH) subjects using
AEPs (2-4). In AEPs, the P300 component reflects the cognitive
ability of subjects to detect and respond to stimuli and has most
frequently been used and investigated in CI subjects. Oviatta and
Kileny (2) showed that CI subjects exhibited prolonged latency
and reduced amplitude of the P3 component as compared to NH
subjects. They also observed that in CI subjects, P3 latencies were
longer for the 500-1,000 Hz signal contrasts than those for the
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500-2,000 Hz and 500-3,000 Hz signal contrasts. That is, in CI
subjects, P3 components toward difficult-to-discriminate con-
trasts had longer latencies than those toward easy-to-discrimi-
nate contrasts. A similar tendency has been indicated in previous
AEP studies using speech stimuli (5). Several studies have also
indicated a relationship between P3 latencies and speech per
ception in CI subjects. Further, Kelly et al. (3) demonstrated that
poorer CI performance in speech intelligibility tests were associ-
ated with poorer responses in AEPs.

Other studies have used mismatched negativity (MMN) to ex-
amine central auditory processing in CI subjects (3, 6, 7). In con-
trast to P300, MMN is considered to reflect the pre-attentive de-
tection of the differences between the neural representations of
the standard stimuli in memory and the deviant stimuli in the
sensory input (8). Zhang et al. (7) found that good performers in
a speech perception task displayed large MMN responses, while
moderate-to-poor performers had small or absent responses.
Kileny et al. (6) demonstrated significant correlations between
P3 and MMN. 1t is therefore important to compare MMN and
P300 and examine the auditory processing mechanisms involved
in these components. However, most studies that have compared
MMN and P300 employed an active hearing paradigm, for which
the subject had to listen to rare stimuli, with MMN and P300
being recorded simultaneously. However, we consider that the
paradigm for deriving MMN waveforms should involve passive
hearing.

Therefore, our study aimed to investigate the relationship be-
tween P300 and MMN using both active and passive hearing
paradigms in CI and NH subjects. Furthermore, we have herein
discussed the differences in the central auditory processing in
the 2 hearing paradigms.

MATERIALS AND METHODS

Subjects
Our subjects consisted of 3 CI subjects (age range, 45 to 65 years)
using the Nucleus CI 24 system (Cochlear Ltd., New South
Wales, Australia) with advanced combinational encoder (ACE)
processing strategy. They were postlingually deafened and had
no history of neurological trauma. Additional subject data has
been provided in Table 1.

Further, 3 age-matched and NH adults served as control sub-
jects. They were evaluated prior to the experiment to measure
their normal hearing thresholds.

Table 1. Characteristics of cochlear implant subjects

Electrophysiological measurements

Two types of AEPs were recorded as follows: P300 under the
active hearing condition and MMN under the passive hearing
condition, and a Nihon Kohden Neuropack MEB-9204 (Nihon
Kohden Co., Tokyo, Japan) was used for generating acoustic
stimuli and recording evoked potentials.

An oddball paradigm was used to deliver the tonal bursts. The
frequent stimuli comprised 1,000-Hz tone bursts, whereas the
rare stimuli included 1,500, 2,000, and 4,000-Hz tone bursts.
The ratio of frequent to rare stimuli was 80:20, and 150 stimuli
were presented in a random order. Prior to the electrophysio-
logical studies, it was established that each subject could com-
fortably detect all the stimuli. The stimuli were presented at 85
dBSPL through a loudspeaker placed at ear level and 80 cm from
the microphone of the sound processor of the CI subject. NH
subjects were stimulated monaurally via headphones to the right
or left ear at 70 dBSPL. All stimuli were delivered at a rate of 1/
second.

The electrophysiological activity was recorded from 3 differ-
ent positions: Cz (coronal midline), Fz (forehead midline), and
Cl or Cr (halfway left or right between the meatus contralateral
to the implanted ear and Cz) electrode sites. A ground electrode
was placed on the tip of the nose. Impedances were maintained
below 3 kQ. Artifacts were automatically rejected at £50 pV,
and the band pass filter was set at 0.2-50 Hz.

The subjects were seated in a comfortable chair. In the active
condition, the subjects were instructed to close their eyes but
stay awake and push a button when the rare stimulus was heard.
In the passive condition, the test stimuli were presented in the
same way as P300. However, the subjects watched a DVD mov-
ie with its sound turned off and did not listen to the test stimuli
via loudspeaker.

Responses to frequency and rare stimuli were averaged and
recorded separately. Latencies and amplitudes of P3 components
were investigated. P300 components were obtained from the re-
sponse to the deviant stimulus by determining the maximum
positive wave after N2. The MMN was measured from a differ-
ence wave obtained by subtracting the response to the standard
from the response to the deviant stimulus.

Speech perception

The Japanese speech intelligibility test was used to evaluate each
subject’s speech perception. The test assesses the ability to iden-
tify monosyllables in an open-set auditory-only condition. The
test stimuli were presented with a loudspeaker at 65 dBSPL.

Subjects Age (year) Sex  Duration of deafness Duration of implantation  Implant ~ Sound processor Ear Speech intelligibility CV (%)
A 45 M 2 years 6 years Cl24 Freedom Right 68
B 65 M 5 months 2 years 3 months Cl24 Freedom Left 64
C 63 F 40 years 1 year 1 month Cl24 Freedom Left 60

CV, consonant vowel.
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RESULTS

The individual P3 latencies at the Cz electrode in the 3 frequen-
cy contrast tasks, 1,000-1,500 Hz signal contrast, 1,000-2,000 Hz
signal contrast, 1,000-4,000 Hz signal contrast tasks, are present-
ed in Fig. 1. Both CI and NH subjects could discriminate between
the 2 different pitch tones, and the response accuracy was 100%
in all frequency tasks. However, the P3 latencies for CI subjects
were longer than those for the NH subjects, particularly in the
small contrast task. Furthermore, as the frequency contrasts in-
creased, the P3 latencies increased in the CI subjects. However,
the latency in NH subjects did not change significantly across the
frequency contrast conditions.

The individual P3 amplitudes are presented in Fig. 2. The re-
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Fig. 1. Individual P3 latencies (ms) at the Cz electrode of cochlear
implant (Cl) subjects (CI1-CI3) and normal hearing (NH) subjects
(NH1-NH3) in the 3 frequency contrast tasks. 1,000-1,500 Hz signal
contrast (blue bars), 1,000-2,000 Hz signal contrast (yellow bars),
and 1,000-4,000 Hz signal contrast (green bars) tasks.
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Fig. 2. Individual P3 amplitudes (uV) at the Cz electrode of cochlear
implant (CI) subjects (CI1-CI3) and normal hearing (NH) subjects
(NH1-NH3) in the 3 frequency contrast tasks. 1,000-1,500 Hz signal
contrast (blue bars), 1,000-2,000 Hz signal contrast (yellow bars),
and 1,000-4,000 Hz signal contrast (green bars) tasks.

sults showed reduced P3 amplitudes in the CI subjects as com-
pared to the NH subjects. Furthermore, the amplitudes in the
small frequency contrast task tended to be reduced in the CI
subjects.

The individual MMN peak latencies at the Fz electrode in the
3 frequency contrast tasks, 1,000-1,500 Hz signal contrast, 1,000-
2,000 Hz signal contrast, 1,000-4,000 Hz signal contrast tasks,
are presented in Fig. 3. MMNs were identified for both the CI
and NH subjects; the latencies in the CI subjects were longer
than those in the NH subjects. However, there were no differ-
ences in the latencies of either the CI or NH subjects in the 3
frequency contrast tasks.

The individual MMN peak amplitudes are presented in Fig. 4.
There were individual differences in both the groups, and no
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Fig. 3. Individual mismatched negativity (MMN) peak latencies (ms)
at the Cz electrode of cochlear implant (Cl) subjects (CI1-CI3) and
normal hearing (NH) subjects (NH1-NH3) in the 3 frequency contrast
tasks. 1,000-1,500 Hz signal contrast (blue bars), 1,000-2,000 Hz
signal contrast (yellow bars), and 1,000-4,000 Hz signal contrast
(green bars) tasks.
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Fig. 4. Individual mismatched negativity (MMN) peak amplitudes
(V) at the Cz electrode of cochlear implant (Cl) subjects (CI1-CI3)
and normal hearing (NH) subjects (NH1-NH3) in the 3 frequency
contrast tasks. 1,000-1,500 Hz signal contrast (blue bars), 1,000-
2,000 Hz signal contrast (yellow bars), and 1,000-4,000 Hz signal
contrast (green bars) tasks.
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consistency was observed in these data.

DISCUSSION

P3 components were identified for all CI subjects who partici-
pated in the present study. Previously, Kelly et al. (3) indicated a
relationship between speech perception ability and P3 respons-
es. Our subjects performed well in the speech perception test;
therefore, they showed a P3 response for all the tasks.

Furthermore, as the frequency contrasts decreased, the P3 la-
tencies of the CI subjects increased, despite the fact that all CI
subjects could similarly discriminate the 2 pitch tones in the 3
frequency contrast tasks. This was likely due to the degree of the
discrimination. While the CI subjects could discriminate large
frequency contrasts as easily as the NH subjects on both their
behavior and brain cortex level, they could behaviorally dis-
criminate the tones in small contrast tasks but faced difficulties
in discriminating the stimuli on their cortex level. It is consid-
ered that the differences in the P3 latency reflected the primary
auditory processing ability.

In terms of comparing the results of the CI and NH subjects,
the P3 latencies and amplitudes in CI subjects were greater than
those in NH subjects in the large frequency contrast task; this
result was in agreement with previous reports (2). This finding
may be related to the difficulty faced by CI subjects in using
temporal and spectral cues. They appeared to require longer time
periods to process the incoming information as compared to the
NH subjects.

In contrast, the MMN results indicated that the latencies in the
CI subjects were longer than those in the NH subjects; however,
no significant differences were observed in any of the 3 frequen-
cy tasks. The auditory processing ability of CI subjects appeared
to be delayed as compared to NH subjects. However, the MMN
is a brain autoresponse that reflects the central auditory process-
ing involved in the subtle differences in auditory signals. Further,
this response is passive and does not require a behavioral re-
sponse or attention. Thus, if CI subjects can discriminate between
the 2 tones, MMN is considered to be elicited irrespective of
whether the stimuli contrast is large or not.

The MMN amplitudes of CI subjects tended to be lowered in
the 1,000-1,500-Hz small contrast task. Small or absent MMNs
in CI subjects have been previously reported by Zhang et al. (7),

and our results appear to agree with their findings.

The results of the present study indicated that different audi-
tory processing pathways are involved in the active and passive
hearing conditions based on the P300 and MMN data. We there-
fore consider that a combination of both responses plays an im-
portant role in the comprehension of auditory processing mech-
anisms in CI subjects. AEPs need to be further investigated to
obtain objective information about central auditory processing
in CI users. However, the sample size of this study was small;
therefore, we have to investigate the relationship between P300
and MMN in a large number of CI users in future studies.
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