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Abstract: There are variations in auditory ERPs due to

adaptation and habituation of involved

neuronal

assemblies as well as many other physiological and
psychophysiological factors. Most commonly the effects

on the signal are relatively small. As a consequence
interpretations of the brain processes underlying the
ERPs in only one experimental condition are often
generalized to cover conditions that are far from the
measured one. However, this kind of reasoning can be
totally misleading. We stress this point by showing that
physicatly identical auditory stimuli can produce totally
divergent ERP waveforms.

low pass cut-off frequency at 20 Hz (3 dB point of 24
dB/octave roll-off).

Two different stimulation paradigms were used. (l) In
the paradigm for studying the habituation of auditory N100,
40 trains of tones were delivered to the right ear of the

at 60 dB above the hearing level. Each train
consisted of four identical tones with a stimulus onset
asynchrony of 1085 ms. The intertrain interval was 12 s.
The duration of each 800-Hz sine-wave tone was 85 ms,
subject

including 8.5 ms rise and fall times. (2) In our other
the stimulus sequence had no intemrpts. It
consisted of 600 tones delivered with an interstimulus

paradigm

I sec. 85 % of the tones were standard tones and
15 % randomly distributed deviant (560 Hz) tones. The
standard tones were the same as the tones in the habituation
paradigm as were the rest of the stimulus and recording
parameters. Together the sessions lasted about 20 minutes.
During the sessions the subject was instructed not to pay
interval of

INTRODUCTION
The simplest model of an event-related potential (ERP)
consists of the sum of a signal related to the event s(t) and

noise n(t) that includes the ongoing EEG. If s(t) is
deterministic or invariant and noise has a zero avetage
value, conventional averaging produces an unbiased
estimate of the ERP. It is well known that auditory ERPs
vary depending on the mental state of the subject [l]. It is
also known that there is an initial rapid decrease in auditory
ERPs over the first few presentations of the stimulus [2,3].
The most common variations are modest or moderate
changes in amplitude and modest changes in latency. This

has quite generally lead to an implicit assumption that a
response averaged over a long sequence of identical stimuli
can be used as a representative for the response even to an
isolated single stimulus that has the same physical
characteristics as each tone in the sequence. We present
here an example showing that this assumption is not always
valid.

affention to the tones but to watch cartoons on video, i.e., in
were

both sessions responses to non-attended stimuli
recorded.

RESULTS

Figure l. shows the grand-averaged ERPs at a central
electrode site for identical stimuli in our two different
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METHODS

We measured auditory ERPs from 40 normal 9-years

old children as a part of a larger clinical study.

The
responses were recordeci using AglAgCl electrodes placed

on the scalp according to the International 10-20 System.
All electrodes were referred to the right mastoid. Both
vertical and horizontal eye movements were recorded.
Signals were amplified and filtered with a bandpass of 0.5-

100 Hz and digitized continuously at 250

Hz

The

continuous data were transformed off-line to epochs of

100

-

to +900 ms relative to the onset of each stimulus.

Epochs containing eye movement artefacts were rejected
using both automatic and manual checking of the data. The
epoched data were averaged and filtered digitally with a
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l. Grand-averaged event-related potentials at vertex
electrode Cz for physically identical tones in two different
paradigms for nine-years old children. The solid line shows
the response for the first tone in trains of four tones

Figure

presented with an intertrain interval of 12 s. The dashed
line shows the response to tones delivered continuously. In
both paradigms the interstimulus interval was I s. The effor
bars show representative standard errors.
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paradigms. The waveforms have not much in common. In
the ERP from the habituation paradigm a prominent Nl00
potential emerges at vertex after the first tone of a train.
However, when the tones are presented without intemrpts,
the Nl00 potential vanishes almost totally. This reflects a
strong habituation of the Nl00 in children when identical
auditory stimuli are repeated. On the hand, Figure l. shows
a prominent response at 280-300 ms for continuous
stimulus presentation. This response can not be clearly
identified in the response for the first tone in a train, and
thus it can be assumed that the enhancement or
sensitization of this response is a consequence of stimulus
repetition.
DISCUSSION AND CONCLUSIONS

We have shown here that physically identical auditory

stimuli can produce totally divergent ERP waveforms in
children. In adults the same paradigms also produce
different waveforms but the components are broadly taken

similar and the Nl00 potential is the most prominent
response also in the continuous stimulation. If one ffies to
interpret the children data for the continuous stimulation on
the basis of the behaviour of the adult data, he or she may
be tempted to assume that the response at about 280-300
ms is the main auditory cortical response to a tone and that
it corresponds to the Nl00 in adults but is grossly delayed.

However, we have shown that this response is not a
to a single isolated tone but to a tone in a
sequence of identical tones. The unawareness or negligence

response

of this fact can lead to erroneous interpretations of auditory
brain processes.
In summary, one should be very careful in drawing
generalized conclusions from ERP waveforms. Auditory
ERPs are not invariant nor determininistic and this holds
especially for the first few presentations of the stimulus. In
estimating the response to a single isolated stimulus one
should use long interstimulus intervals or even averaging
over single responses of a large number of subjects. On the
other hand, to obtain an unbiased estimate for the response
to a tone in a sequence of identical tones one should

exclude the sweeps

for the first few stimuli from

the

average.
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