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Cortical dynamics of the visual change detection
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For our adaptive behavior to the external world, automatic detection of a sensory
change in the environment is a crucial task of the brain. This change detection process
should be more or less common across sensory modalities. Until now, the automatic
change detection process was intensively investigated in the auditory system using
EEG. In auditory studies, an oddball paradigm was applied, in which a deviant
(change) stimulus was randomly interspersed among a frequently presented stimulus
(standard stimulus), and it is widely known that the brain response to a deviant
stimulus was enhanced in comparison to that to the standard stimulus. This response
enhancement was regarded as a neural correlate of automatic change detection of an
auditory sensory change. As for the visual modality, the change detection process has
been also searched by oddball paradigms using various stimulus categories such as
orientation of bar and color, and the response to a visual deviant was shown to be
larger than that to the standard stimulus as in auditory studies. Because the enhanced
visual response to a deviant stimulus was relatively similar in the peak latency and the
response distribution on the scalp, the visual change detection process was suggested
to be somewhat common for stimulus categories. However, the cortical dynamics of
the visual change detection process is qualitatively unknown so far in that when and
where the enhanced response to a deviant stimulus appears in the brain.

In the present study, the author tried to uncover the cortical dynamics of the visual
change detection. In Experiment 1, he applied an oddball paradigm using a red and
blue color light emitting diode (LED), and measured the brain response to a deviant
and standard with magnetoencephalography (MEG). To temporally trace the activity,
the multi-dipole analysis was performed. He compared the response to the deviant
stimulus with that to the standard stimulus in the same color condition. In accord
with the previous EEG studies, he obtained a response to the deviant stimulus stronger
than that to the standard stimulus. Results of the multi-dipole analysis revealed that
the first and dominant enhanced response to a deviant stimulus appeared at the middle
occipital gyrus (MOG) at the latency around 150 ms but such an augmentation effects
of the deviant were not found for the earlier activity in BA 17/18. These results
suggest that the visual change detection appeared as early as 150 ms after the onset of
the stimulus change.

Previous psychophysical and EEG studies suggested that a visual change was
detected by comparing incoming sensory signals with the preceded stimulus
information stored in sensory memory. Nevertheless, to date, the issue when and
where in the brain this visual memory based change detection process appears remains
to be elucidated. In Experiment 2, he further tried to elucidate the cortical dynamics
of visual change detection from the standpoint that the enhanced MOG response to a
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deviant stimulus is relevant to the sensory memory based process or not by
manipulating intervals between stimuli (changing the degradedness level of sensory
memory formed by standard stimulus). For this purpose, he employed a new
stimulation paradigm. Generally, the response to a deviant stimulus consists of two
components, that is the ON response and change related response. The ON response
was shown to be enhanced with the elongation of inter-stimulus intervals (ISIs) and
also to appear even in non-oddball conditions. Thus, the ON response does not
necessarily indicate the memory based process, and it should be needed to attenuate
this ON response as much as possible to assess the sensory memory based change
detection process. In the new paradigm he used, there were two kinds of stimulus, a
deviant trial stimulus and standard trial stimulus. In the deviant trial stimulus, the
deviant stimulus was presented just after the standard stimulus without time intervals.
In the other standard trial stimulus, the standard stimulus alone was presented. By
using this stimulation paradigm, the ON response to the deviant stimulus is expected to
attenuate. Then, he varied the time intervals between the standard and deviant trial
stimulus for manipulating the degradedness of the sensory memory formed by the
standard stimulus. He measured the brain response to the deviant onset using MEG
and applied the multi-dipole method as in the Experiment 1. The result showed that
the MOG activity, appearing at 150 ms after the onset of deviant stimulus, decreased
with an elongation of the intervals (degradation of sensory memory of the standard
stimulus). This result suggests that the visual change detection based on sensory
memory appears at around 150 ms in MOG after the onset of a visual change.
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