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Background and Objectives: P300 has been studied with a variety of stimuli. However, the
nature of P300 has not been investigated for deviant stimuli which change its characteristics
from standard stimuli after a period of time from onset. Subjects and Methods: Nine young
adults with normal hearing participated in the study. The P300 was elicited using an odd-
ball paradigm, the probability of standard and deviant stimuli was 80% and 20% respective-
ly. Six stimuli were used to elicit P300, it included two pure-tones (1,000 Hz and 2,000 Hz)
and four tone-complexes (tones with frequency changes). Among these stimuli, 1,000 Hz
tone served as standard while others served as deviant stimuli. The P300 was recorded in
five separate blocks, with one of the deviant stimuli as target in each block. Electroenceph-
alographic was recorded from electrode sites Fz, Cz, C3, C4, and Pz. Latency and ampli-
tude of components of the cortical auditory evoked potentials were measured at Cz. Re-
sults: Waveforms obtained in the present study shows that, all the deviant stimuli elicited
obligatory P1-N1-P2 for stimulus onset. 2,000 Hz deviant tone elicited P300 at a latency of
300 ms. While, tone-complexes elicited acoustic change complex (ACC) for frequency
changes and finally elicited P300 at a latency of 600 ms. In addition, the results showed
shorter latency and larger amplitude ACC and P300 for rising tone-complexes compared
to falling tone-complexes. Conclusions: Tone-complexes elicited distinct waveforms com-
pared to 2,000 Hz deviant tone. Rising tone-complexes which had an increase in frequen-
cy elicited shorter latency and larger amplitude responses, which could be attributed to
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Introduction

P300 is a vertex positive event-related potential (ERP), oc-
curring around 300 ms post-stimulus onset. It is elicited
when listener detects a rare and unpredictable target stimulus
in a train of standard stimuli, i.e., oddball paradigm [1]. Per-
ceptual detection of difference between standard and target
stimuli elicits P300. P300 has been recorded in response to
various stimulus modalities; such as auditory [1], visual [2],
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perceptual bias for frequency changes.
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and somatosensory stimuli [3]. In auditory modality, P300
has been recorded in response to a wide variety of auditory
stimuli, which includes speech stimuli such as vowels [4], syl-
lables [5], and words [6] as well as non-speech stimuli, such
as clicks [7] and tone-bursts [8].

Tone-bursts are the most commonly used non-speech
stimuli to evoke P300 [8-11]. When tone-bursts are used to
elicit P300, the deviant stimuli differ either in its frequency
[2,9,10], intensity [10,11] or duration [10] with reference to
the standard stimuli. Squires, et al. [8] recorded P300 for fre-
quency contrast using 1,000 Hz and 1,500 Hz tone-bursts alter-
natively as standard and deviant stimuli. Similarly, Fein and
Turetsky [9] evoked P300 using 1,000 Hz tone as standard
and 2,000 Hz tone as deviant stimuli, and Ji, et al. [2] with



tones of 600 Hz and 1,500 Hz as standard and deviant respec-
tively. Results of the above studies showed that P300 was
observed between 300 and 350 ms post stimulus onset. It is
to be noted here that the above mentioned studies have used
deviant stimuli which differ from the standard stimuli at their
onset.

In contrast to studies which elicited P300 using non-
speech stimuli, investigators have used speech stimuli as
standard and deviant stimuli, which differ from each other in
the middle of its course [5]. Henkin, et al. [5] elicited P300
using non-meaningful consonant vowel consonant (CVC)
stimuli which differ in their final position, either in terms of
place of articulation or manner of articulation or both place
and manner of articulation. The mean latency of P300 for
these stimuli ranged between 642.6 ms and 624.9 ms. When
compared to non-speech stimuli, P300 latency reported in
the above investigation is extremely prolonged. The pro-
longed latency has been attributed to 1) less synchronous
neural response with increase in task difficulty, 2) longer du-
ration of the stimuli, and 3) the relative positioning of the
acoustic cues in the linguistic stimuli (difference between
standard and deviant stimuli was in the final position of the
CVC stimuli) [5].

To the best of our knowledge, there are no studies that
have used non-speech deviant stimuli which differ from the
standard in the middle of its course. Hence, it is interesting
to know the characteristics of P300 elicited using deviant
stimuli which differ from standard in the middle of its
course. It is logical to expect delayed latency for P300, when
the deviant stimulus differs from the standard stimulus after
the onset, somewhere in the middle of its course. However,
the precise nature of the P300 elicited in such a condition has
not be described previously. In order to achieve the above
aim, frequency changing tones were used to elicit P300 in
the present study. Frequency and intensity changes in an on-
going sound, over a period of time, serves as a major cues
for perception of auditory motion. Further, the human audi-
tory system shows a perceptual bias towards the tones which
increase in frequency or intensity, which indicates an ap-
proaching sound [12]. This bias for sounds with rising fre-
quency and intensity has been suggested to help the observer
to prepare for contact with a sound source, or an increased
margin of safety on its approach [12]. However, the effect of
such perceptual bias on the P300 is not known. By eliciting
P300 for frequency changing tones, we can also understand
the effect of perceptual bias for frequency changes on P300.

To investigate the nature of P300 for a dynamic deviant
stimuli which changes from the standard in the middle of its
course, both speech or non-speech stimuli can be used. When
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speech stimulus is used, the listener may depend on the lin-
guistic knowledge while making a decision rather than mak-
ing a decision based on purely acoustic cues. As the present
study did not aim to address the linguistic processing of the
stimuli, non-speech stimuli was used to record P300, where
the decision made is purely based on acoustic cues. Specifi-
cally, the present study was carried out to investigate the dif-
ference in P300 that may be observed when elicited using dy-
namic non-speech stimuli which changes its frequency in the
middle of its course as compared to the conventional stimuli
which are static or differ from the standard stimuli at the on-
set of the stimuli. As mentioned above, we aimed to investi-
gate whether perceptual bias is present in the auditory system
for different changes in frequency of the deviant stimuli. To
achieve this goal, P300 was elicited using five different com-
binations of deviant-standard stimuli and were compared
across the deviant stimuli. Among these, one deviant stimu-
lus differed from the standard at the onset (i.c., static) while
remaining four deviant stimuli differed from standard in the
middle (i.e., dynamic).

Subjects and Methods

Participants

Nine individuals (2 males and 7 females) aged between 17
to 26 years (mean=20.3 years) participated in the study. All
the participants had normal hearing in both ears with pure-
tone thresholds <15 dB HL at octave frequencies between
250 Hz to 8,000 Hz, and speech identification score greater
than 90% at 40 dB SL (ref: pure-tone threshold average at
500 Hz, 1,000 Hz, and 2,000 Hz). Immittance evaluation was
also performed and all participants had A-type tympanogram
with acoustic reflex present at normal levels, thus ensuring
normal middle ear functioning. Prior to data collection, the
participants were informed about the study and informed
consent was obtained. Ethical approval was obtained from
institutional ethics committee of All India Institute of Speech
and Hearing, Mysore to carry out the present study.

Stimuli

Six stimuli were used to elicit P300, which included pure-
tone of 1,000 Hz and 2,000 Hz, and four frequency changing
tones (or tone-complex). Frequency changing tones were
created by concatenating two equal amplitude pure-tones
(e.g. f1=1,000 Hz followed by a £2=3,000 Hz, for rising 1
tone-complex) [13]. Frequency of initial pure-tone was always
fixed at 1,000 Hz while the frequency of following pure-tone
was varied. In order to have a smooth transition from f1 to {2
frequency and avoid large spectral splatter, a 30 ms linear
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P300 for Dynamic Tones

Table 1. Description of the six stimuli used in the study

Stimuli Standard/deviant  F1 (Hz)  F2 (Hz)
1,000 Hz tone Standard 1,000 -
2,000 Hz tone Deviant 2,000 -
Rising 1 tone-complex Deviant 1,000 3,000
Rising 2 tone-complex Deviant 1,000 2,000
Falling 1 tone-complex Deviant 1,000 500
Falling 2 tone-complex Deviant 1,000 750

F1: strating frequency, F2: ending frequency

chirp was introduced between two pure-tones. This transition
from f1 to 2 occurred at 200 ms from the onset of the stimu-
li. Duration of all the stimuli was 400 ms. All the stimuli
were gated using raised cosine function with rise/fall time of
10 ms. Description of these six stimuli are given in Table 1.
All the stimuli were generated using MATLAB 7.9 (Math-
works Inc., Natick, MA, USA). Fig. 1 shows spectrogram of
all the stimuli used to P300.

P300 paradigm

The P300 was elicited using a standard auditory oddball
paradigm and the task was to discriminate a deviant tone or
tone-complex from a standard tone. All the stimuli were pre-
sented monaurally to right ear of the participants, through a
shielded transducer (Etymotic Type ER-3A; Etymotic Re-
search, Chicago, IL, USA). The P300 was recorded in five
blocks, in each block 1000 Hz tone served as standard stimu-
lus and one of the five deviant stimuli served as deviant
stimulus. The order of deviant stimuli used to elicit P300 in
each block was randomized across the participants. Each
block comprised presentation of 400 sweeps (or stimuli),
among which 80% of the sweeps were standard and 20%
were deviant. All the stimuli were presented at 80 dB SPL,
and the inter-stimulus interval was 1.5 s. When participants
detect deviant stimuli, they were instructed to press a button
on a response pad with the thumb of their preferred hand. A
PC-based Neuro-Scan Stim®> (Compumedics, Melbourne,
Australia) was used for presentation of stimuli.

Electroencephalographic (EEG) recordings

During recording of P300, participants were fitted with a
QuickCap™ (Compumedics) and seated on a reclining chair
in comfortable position. EEG was recorded from Fz, Cz, C3,
C4, and Pz electrode sites of the 10—20 system [14], using a
PC-based Neuro-Scan SynAmps’ data acquisition system
(Compumedics). All electrodes were referenced to the right
mastoid (A2) with ground on left mastoid (A1). Electrode
impedance at each electrode was kept below 5 kQ. The on-
going EEG was band-pass filtered (0.1—100 Hz) and digitized
at a rate of 1,000 Hz and stored to disk for off-line analysis. A
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Fig. 1. Spectrogram of the stimuli used to elicit P300. First two
panels from top (A, B) shows spectrogram of 1,000 Hz and 2,000
Hz pure-tone respectively. C-F show spectrogram of rising 1, rising
2, falling 1, and falling 2 tone-complex respectively.

short break of 5—10 min was provided between the record-
ings as required by the participant. Continous EEG was seg-
mented off-line for a total duration of 1400 ms with a pre-
stimulus baseline of 100 ms. The segmented data were digitally
band-pass filtered between 0.1 and 30 Hz using zero-phase
shift finate impulse response filter (12 dB/octave slope). Pri-
or to averaging, segments that were judged to be noisy and/
or those with amplitude greater than +75 pV were excluded
from averaging. Averaging was carried out separately for
standard and deviant stimuli. All off-line analysis was carried
out using edit module of Scan (version 4.4) system software



(Compumedics, Vienna, Australia). A minimum of 60 arti-
fact-free samples (deviant stimuli) were accepted for each of
the five standard-deviant combinations used to elicit P300. All
the recordings were carried out in a sound-attenuating electri-
cally-shielded room.

Data analysis

The waveforms obtained from all the participants were
grand averaged for each electrode site, for standard and each
deviant stimulus separately to identify various components
or peaks of ERP. Peak latency and amplitude of the compo-
nents of the ERP were measured at vertex (Cz). Peak ampli-
tude was measured relative to the pre-stimulus baseline and
peak latency was measured from the stimulus onset. Shapiro-
Wilk test was carried out to check whether data (latency and
peak amplitude) are normally distributed, the result showed
lack of normal distribution. Since the data was not normally
distributed, Wilcoxon Signed Rank test was carried out to in-
vestigate if the mean latency and amplitudes are significantly
different between standard and deviant stimuli. Friedman test
was carried out to investigate if the mean latencies and am-
plitudes are significantly different across deviant tones. All
statistical analysis were carried out using Statistical Package
for Social Sciences software version 16 (SPSS Inc., Chicago,
IL, USA).

Results

The grand averaged waveforms obtained from all the par-
ticipants at vertex for 1,000 Hz standard, 2,000 Hz deviant,
and falling 1 tone-complex deviant stimuli are shown in fig-
ure 2. In Fig. 2, it can be observed that both standard and de-
viant stimuli elicited obligatory P1-N1-P2 for the stimulus
onset. In contrast, 2,000 Hz deviant stimuli evoked P;, fol-
lowing the obligatory response, while falling 1 tone-complex
elicited multiple peaks. Multiple peaks elicited by falling 1
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tone-complex included three positive peaks at 270, 450 and
600 ms, labeled as P,,, P,s, and Py, and two negative peaks
at 330 and 470 ms, labeled as N3, and N, respectively based
on the polarity and latency of the peaks. The waveforms ob-
tained for other frequency changing deviant stimuli was sim-
ilar to that of falling 1 tone-complex. Further, in Fig. 2 it can
also be noted that the latency and peak amplitude of P1, N1
and P2 are similar for 1,000 Hz tone and falling 1 tone-com-
plex, while peak amplitude of all peaks showed greater nega-
tivity for 2,000 Hz tone.

Obligatory P1-N1-P2 response

Fig. 3 shows mean and standard deviation for latency (Fig.
3A) and peak amplitude (Fig. 3B) of P1, N1 and P2 at Cz for
standard and deviant stimuli. Wilcoxon Signed Rank test was
administered to determine if the latency and amplitude of P1,
NI and P2 are significantly different between standard and
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Fig. 2. Grand averaged waveforms of auditory evoked potentials
recorded at Cz for 1,000 Hz standard tone (black solid line), 2,000
Hz deviant tone (light grey solid line) and falling 1 deviant tone-
complex (black dashed line). Vertical dashed lines at 0 ms (light
grey) indicates stimulus onset and at 200 ms (black) indicates
frequency change for tone-complexes.
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two deviant stimuli. It showed a significant prolongation for
latency of P2 for 2000 Hz tone (Z=-2.366, p<0.05), while
the latency of other peaks were not significantly different
(p>0.05). Further, the peak amplitude of N1 evoked by 2000
Hz tone had significantly greater negativity (Z=-2.384, p<0.05)
when compared to that of 1,000 Hz standard stimuli, while
P1 and P2 amplitudes were not significantly different (p>0.05)
across the stimuli.

Fig. 4 shows grand averaged waveforms of obligatory P1-
N1-P2 response for various deviant stimuli. In the figure, it
can be observed that 2000 Hz tone elicits greater negativity
for all the peaks. Mean and standard deviation for latency
(Fig. 3A) and amplitude (Fig. 3B) of P1, N1 and P2 for devi-
ant stimuli are shown in Fig. 4. Friedman test showed a sig-
nificant difference for P2 latency [*(4)=12.993, p<0.05] and

1,000 Hz tfone
----- Rising 1 fone-complex
—— Rising 2 tone-complex
- === Falling 1 tone-complex
Falling 2 tone-complex
2,000 Hz tfone

N1

-50 0 100 200 300
Time (msec)

Fig. 4. Grand averaged waveforms of obligatory P1-N1-P2 re-
sponse at Cz for various deviant stimuli. Light grey waveform rep-
resents response for 2,000 Hz tone. Dark grey waveform shows
response for rising 1 tone-complex (dotted line) and rising 2 tone-
complex (solid line). Thin black lines represent response for falling
1 tone-complex (dashed line) and falling 2 tone-complex (solid
line).

N1 peak amplitude [’(4)=11.196, p<0.05] across the devi-
ant stimuli. Pair-wise comparison between deviant stimuli
using Wilcoxon Signed Rank Test revealed that latency of P2
was significantly longer (p<0.05) and peak amplitude of N1
was significantly more negative (p<0.05) for 2,000 Hz tone
compared to all the frequency changing tone-complex.

Cortical auditory ERPs for deviant stimuli

From Fig. 2 it can be observed that 2,000 Hz deviant stim-
ulus evoked an obligatory P1-N1-P2 response for stimulus
onset and was followed by a broad positivity, P300, at a mean
latency of 340 ms. P300 was present in all the participants at
latency ranging between 317 ms and 506 ms and amplitude
ranging from 3.6 uV to 10.2 uV (mean=5.9 uV). This finding
in the present study is comparable to the findings reported in
literature [2,8,9]. In contrast to 2,000 Hz tone, frequency
changing tone-complex evoked multiple peaks labelled as
P10, Nisp, Pyso, Nugg and Py. Among these peaks, N, Py

1,000 Hz tone
----- Rising 1 fone-complex
— Rising 2 tone-complex
- === Falling 1 tone-complex
Falling 2 tone-complex

L Il Il Il
200 400 600 800
Time (ms)

Fig. 5. Grand averaged waveforms of auditory evoked potentials,
between 200 and 700 ms, at Cz for various frequency changing
tone-complexes. Dark grey lines represent response for rising 1
tone-complex (dotted line) and rising 2 tone-complex (solid line). Thin
black lines represent response for falling 1 tone-complex (dashed
line) and falling 2 tone-complex (solid line).
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and Py, was present in all the participants, while P,,, and
N, could be identified in eight and six participants respec-
tively. P,,, was observed at latency between 269 ms and 286
ms, Nj;, between 328 ms and 352 ms, P,5, between 409 ms
and 440 ms and N470 between 470 ms and 501 ms. These
peaks were followed by a large positive peak, Py, at latency
between 603 ms and 672 ms.

The grand averaged waveforms obtained for all the fre-
quency changing deviant tone-complex showing only P,
Ni3g, Paso, and Pgg, are shown in Fig. 5, and the mean latency
and amplitude of these peaks are shown in Fig. 6. From Fig. 6
it is evident that the latency of Ny, is shortest for rising 1 tone-
complex followed by rising 2, falling 1 and falling 2 tone-com-
plexes which had a frequency change of 2,000, 1,000, 500, and
250 Hz respectively. To investigate if the mean latencies and
amplitudes of Py, Nysg, Pyso, Nasg, and Py, across frequency
changing deviant tones are significantly different, the data
was subjected to Friedman test. It showed significant differ-
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Fig. 7. Averaged waveforms of auditory evoked potentials at Fz,
Cz, Pz, C3 and C4, and scalp maps showing topographic distri-
bution of average potential at 110 ms and 340 ms which corre-
sponds to N1 and P300 for 1,000 Hz standard tone (A) and 2,000
Hz deviant tone (B).
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ence for latency of Ny, [%(3)=9.667, p<0.05] and P,s,
[’(3)=12.150, p<0.05], while latency of P,, [’(3)=7.800, p=
0.05], Ny [¥’(3)=1, p=0.801] and Py, [x*(3)=5.427, p=
0.143] was not significantly different across frequency chang-
ing tone-complex. Further, results showed no significant dif-
ference between peak amplitudes across the tone-complex
[P, ¥’(3)=3.105, p=0.376; Ny 1’ (3)=1.112, p=0.774;
P,so: % (3)=2.250, p=0.552; N,: %’ (3)=5.000, p=0.172; P
¥(3)=3.400, p=0.334]. Pair-wise comparison using Wilcox-
on Signed Rank test revealed that the latency of Ny, for ris-
ing 1 tone-complex was significantly shorter (»p<0.05) com-
pared to other tone-complex. The latency of P450 of rising 1
tone-complex was significantly shorter (p<0.05) than falling
2 tone-complex.

To understand the current distribution in the scalp for vari-
ous components (N, Py, N3, and Py,,) of auditory evoked
potentials, scalp current density maps were obtained using
EEGLAB [15]. The scalp maps were obtained at latency of
about 110 ms post-stimulus onset, equivalent to the latency
of obligatory N1, for both standard and deviant stimuli. In
addition, the scalp maps were also obtained at about 340 ms
post-stimulus onset for 2,000 Hz deviant stimuli, equivalent
to latency of P300, and at latencies of about 350 and 610 ms
for frequency changing tone-complex, equivalent to N3, and
Py, respectivrly. These scalp current density maps are shown
in Fig. 7, 8. In Fig. 7, it can be observed that the scalp map at
NI latency for both standard and deviant stimuli shows great-
er negativity in the frontal region of the scalp, and the nega-
tivity decreases towards posterior regions. Scalp map ob-
tained at 340 ms for 2,000 Hz deviant tone, which corresponds
to P300, shows greater positivity in the posterior region (bot-
tom panel) which decreases towards frontal region. The scalp

Potential (uV)

0 200 400 600 800
Latency (ms)

1,000 1,200

Fig. 8. Averaged waveforms of auditory evoked potentials at Fz,
Cz, Pz, C3 and C4, and scalp maps showing topographic distri-
bution of average potential at 110 ms, 350 ms and 610 ms which
corresponds to N1, N330 and P600 for falling 1 tone-complex.
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maps of Ny, and Py, of falling 1 tone-complex are shown in
figure 8. It reveals that, the scalp map of Ns;, show large nega-
tivity in the frontal region of scalp and the negativity reduces
in the posterior regions, similar to N1 of obligatory response.
Scalp map for Py, shows greater positivity in the parietal re-
gion of the scalp and it decreases in the frontal regions, simi-
lar to P300.

Discussion

Obligatory P1-N1-P2 response

The finding of the present study showed that, P2 latency of
obligatory response was significantly longer for 2,000 Hz tone
compared to standard and frequency changing tone-complex.
This could be because of complex interaction between the P2
of obligatory response and N2 (a discriminative negativity
elicited for detection of rare deviant stimuli in oddball para-
digm), for 2,000 Hz tone. Further, the amplitude of N1 for
2,000 Hz tone had significantly greater negativity compared
to 1,000 Hz tone and tone-complexes. This finding may be at-
tributed to stronger response of cortical neurons for rare devi-
ant stimuli in a train of frequently presented standard stimuli
[16,17]. But, amplitude of N1 was not significantly different
between frequency changing tone-complex and 1,000 Hz stan-
dard tone, though frequency changing tone-complex was pre-
sented rarely. This finding may be explained based on simi-
larity in the frequency characteristics of 1,000 Hz tone and
tone-complexes at their onset. In Fig. 1 it can be observed that
both 1,000 Hz standard and frequency changing tones begin
with the same frequency, i.e. 1,000 Hz, hence, the obligatory
P1-N1-P2 evoked were similar for both stimuli even though
the frequency changing deviants were delivered rarely.

Cortical auditory ERPs for deviant stimuli

Scalp map at N1 latency for both standard and deviant
stimuli shows greater negativity in the frontal region of the
scalp, characterized by the neural activity in the frontal scalp
region. This finding is consistent with earlier investigations
which shows that N1 is generated from the fronto-central re-
gion [18-20]. The scalp map obtained at 340 ms for 2,000 Hz
deviant tone shows a greater positivity in the posterior region
of the scalp, indicating greater activity in the parietal region.
This finding is also in agreement with the findings reported
in literature for Py, [2,21,22].

The scalp map of Ny, of frequency changing tone-com-
plex is similar to the scalp map of N1 of obligatory response.
Based on the similarity between the scalp maps of N1 and
N330 it may be expected that both N1 and Nj;,, to be reflec-
tion of the same process in the brain. Therefore, it is possible
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that P,,, N30, and P,s, is also an obligatory P1-N1-P2 elicited
in response to frequency change in the tone-complex. In sup-
port to the above explanation, various studies have shown to
elicit multiple P1-N1-P2 response for frequency change in
an ongoing stimulus [13,23,24], termed as acoustic change
complex (ACC) [23]. Hence, the components P, N;;,, and
P,s, observed in the present study is nothing but ACC elicited
for change in the frequency of tone-complex.

The scalp map of P, of tone-complex showed greater pos-
itivity in the parietal region similar to the scalp map of P300
for 2000 Hz tone. This scalp topography is consistent with
the cognitive processes in brain for detection of deviant stim-
uli. Hence, P, may be assumed to be reflecting the same
process that is involved in generation of P300 or the decision
making. The latency of P300 reflects the time required for
classification of the stimuli, which would be proportional to
the time taken to detect and evaluate a target stimulus [25,26].
In the present study, frequency changing tone-complex dif-
fered from the standard tone at 200 ms after its onset. Hence,
it can be expected that the participants took more time for de-
tecting and evaluating the deviant stimuli, thus resulting in
prolonged latency for Py, In addition, the latency of Py, has
been reported to be dependent on the processing demand im-
posed by the stimulus, i.e., greater processing demand results
in prolonged P300 [27,28]. The complex-tones used in the
present study also might have introduced a processing delay
as they are slightly more complex than the steady tone, which
might have also contributed for the prolongation of P;,. Thus,
both the positioning of the acoustic change in the target stim-
ulus in relation to standard stimulus, and the complexity of
the target stimulus might have resulted in the prolonged la-
tency of P, for tone-complex.

Comparison of latency and amplitude among deviant
stimuli

The latency of Nj;, and Pg,, was found to be shortest for
rising 1 tone-complex followed by rising 2, falling 1, and fall-
ing 2 tone-complexes which had a frequency change of 2,000,
1,000, 500, and 250 Hz respectively. Similar result was ob-
served for amplitude of Ny;,-P,5, peak to peak amplitude and
Pgo peak amplitude, i.e., largest amplitude was obtained for
rising 1 tone-complex followed by rising 2, falling 1 and fall-
ing 2 tone-complexes. These findings shows that shorter la-
tency and larger amplitude is obtained for largest change in
frequency. In addition, from the result of the present study it
can also be observed that the latency of Nj;, and Py, was
shorter and amplitude of N;;-P,5, and P, was largest for ris-
ing 1 and rising 2 tone-complexes, which increased their fre-
quency, compared to falling 1 and falling 2 tone-complexes.



The differences for latency and amplitude between rising and
falling tone-complexes may be attributed to two reasons. First,
increase and decrease in the frequency of rising and falling
tone-complexes in the present study is similar to Doppler fre-
quency shifts for an approaching and receding sounds in the
natural environment. The Doppler frequency shifts provide
important cues about the direction of sound movement [12],
and a rise in frequency is perceived as more sailent by the lis-
teners [29], which results in a bias towards a rise in sound
frequency or approaching sounds. Thus, shorter latency and
larger amplitude obtained in the present study for rising tone-
complexes could also be a consequence of perceptual bias in
the auditory system for approaching sounds. This perceptual
bias has been related to serve as a warning cue for looming
auditory motion in natural environment, to identify the ap-
proaching source [12,30,31]. Second, in this study the mag-
nitude of change in frequency for rising tone-complexes
were larger than magnitude of change for falling tone-com-
plexes. Hence, shorter latency for rising tone-complexes may
also be a consequence of magnitude of frequency change.
Further, earlier investigations have showed that a large
change in frequency elicits shorter latency and larger ampli-
tude ACC [32-35] and P300 [10]. Thus, shorter latency and
larger amplitude for rising tones cannot be completely attrib-
uted to perceptual bias. Further, we have employed frequen-
cy change of different madnitudes for rising and falling tone-
complexes, this is one limitation in the present study. The
effect of perceptual bias on the ACC and P300 can be better
understood by replicating the study using frequency change
of equal magnitudes for rising and falling tone-complexes.

In conclusion, characteristics of the cortical auditory evoked
potentials in odd ball paradigm using non-speech deviant
stimuli which differ from the standard in the middle of its
course was investigated in the present study. Frequency chang-
ing deviant tones elicited ACC as well as P300. Furthermore,
N3, (analogous to N1 of obligatory response) for rising tone-
complex had shorter latency than falling tone-complex. This
finding might be indicating the perceptual bias of the auditory
system towards the approaching sound than receding sounds.
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