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Extraction of neural processes about perception and
cognition using EEG

ABSTRACT

Research that attempts to understand the brain function has been evolving since our be-
havior and mind have been revealed correlated with neural processing. Moreover, the spread
of non-invasive recording technique that makes it possible to measure brain signals safely
and easily has accelerated the application of brain signals to various fields. For example, the
neuromarketing that estimates consumers’ cognitive and affective response to market stimuli
from the brain signals has attracted attention. In medical field, the devices that decode the
information from the brain and transmit message to people have been developed for patients
with difficulty in oral communication. These techniques are called brain computer interface
(BCI). In the BCl research, it is important to know how the neural activity is expressed in the
brain. In other words, the issue is to find when, where, and how the specific brain activity is
encoded in the brain. Further we have to develop an algorithm to decode neural signals with
high-speed and high-precision. This thesis aims to discuss the extraction and decoding of the
nonverbal information such as brain activity related to cognition and perception.

First, this thesis has studied the feeling of unnaturalness. Unnaturalness is higher cognitive
state related to memory and experience. However, evidence related to encoding unnaturalness
in the brain is not sufficient. This study conducted a cross-modal priming experimémnt
investigate not only unnatural stimuli of single sensory but also unnaturalness caused by
combination of different modalities. As a result, neural signals in the gamma-band might
reflect multisensory processing of different modalities and unnaturalness of visual stimuli.
These methods can be used as an extraction of neural information about cognitive function.
This result suggested that gamma band activity might be a new index to extract the human
unnaturalness.

Second, this thesis proposed feature extraction and discrimination method in order to de-
code the unnaturalness with high-speed and high-accuracy. As described above, we had
decoded the effects of unnaturalness from gamma-band activity. However, in general, an
oscillatory activity is likely to be contaminated by artifacts generated by eye movement. In



addition, signal to noise radio of oscillatory activities is low compared with that of ERP
component. Therefore, it is difficult to extract cognitive information such as unnaturalness
in real-time recording. For this reason, this thesis discussed to extract unnaturalness from
ERP amplitude that is used for the BCI technique to date. Previous studies demonstrated
that the amplitude of the oddball ERP component is modulated by the naturalness of visual
stimuli. To estimate unnaturalness from single-trial ERP, this thesis proposed a method that
combines several signal analyses: Specifically individual component analysis (ICA) as pre-
processing method, principal component analysis (PCA) as feature extraction and weighted
multi-support vector machines (MSVM) as classification method were employed. By this
method, the effect of unnaturalness was decoded with an accuracy of more thdro80a
single-trial ERP.

Next, this thesis studied perceptual rivalry that produces spontaneous switching between
unchanging ambiguous figures. As to perceptual rivalry, timing of perceptual switching is
variable and unpredictable. In order to know how the neural activity is expressed in the brain,
this thesis recorded EEG related to spontaneous switching by the two proposed methods.
The one method is modified discontinuous presentation. By this method, right-parietal beta-
band activity increased in the periods 50-150 ms after the onset of the ambiguous perceptual
switching. These results indicate that activity in the right-parietal beta band reflects spon-
taneous switching between rivaling percepts. Moreover, this thesis proposed a new experi-
mental procedure using SSVEP in order to elucidate the brain activity related to perceptual
switching. This method is modified continuous presentation incorporating SSVEP compo-
nent. This proposed method solved the ambiguity problem about the latency of perceptual
switching. The stimuli were presented ambiguous figure flickering at 8Hz and 12Hz to tag
the two different perceptions with different oscillatory activities. Our aim is to investigate the
neural activities relevant to perceptual switching from the SSVEP. The experiment showed
that tagged-activity before perceptual switching showed significant difference between am-
biguous figure and stable figure. These results suggest that SSVEP reflects different neural
processing between ambiguous perceptual rivalry and physical reversal.

Taken together, these studies suggested the technique of decoding the visual neural pro-
cessing related to perception and cognition and extracting them efficiently. These studies
might be a key technology to lead many researches about brain activity to the application for
industry.
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