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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Neural information processing and its neuronal basis supporting visual object cognitive functions

Name: Wang, Ridey Hsiao

In our daily life, one can recognize an object from others regardless of the change in viewing angle. To
understand the underlying neuronal mechanism for such function of brain, I have conducted a series of
psychophysical and electrophysiological experiments in order to reveal the psychophysical characteristics for the
view-invariant object recognition and it neural basis supporting such function. The results have been summarized
in this thesis.

In Chapter 2, | focused on the neural bases for shape information processing in the early visual cortex. As
a characteristic feature for our visual system, surround modulation has been discussed extensively. To understand
the neural bases underlying the differences of the functions between the cortical areas corresponding to the center
and periphery of the visual field, responses of the cells in the early visual cortex with their receptive fields in the
center and periphery of the visual field were recorded by using multichannel electrodes, and cross-correlations of
the spikes in the responses to the full-field stimuli, and the center-surround stimuli were analyzed. Percentages of
the cell pairs showing significant cross-correlation were larger in the cortical areas corresponding to the
periphery than the center. In the center of the visual field, the percentages of the cell pairs showing significant
cross-correlation significantly decreased as the separation of the recording points increased, and the time lags of
the peaks of the cross-correlogram distributed around zero. In the periphery of the visual field, the time lags of
the peaks of the cross-correlogram distributed more widely and increased as the separation of the recording
points increased. In the responses to the center-surround stimuli in the preferred orientation of each cell,
percentages of the cell pairs showing significant cross-correlation were larger in the periphery than the center.
These results suggest more lateral interactions occur in the cortical areas corresponding to the periphery than the
center of the visual field.

In Chapter 3, | reported the findings on the neural representation of object images in monkey
inferotemporal cortex. An inferotemporal cell usually displays different response patterns in an initial response
phase immediately after the stimulus onset and in a late phase from approximately 260 ms after stimulus onset.
The study aimed to understand the difference between the two time periods and their involvement in the
view-invariant object recognition. Responses to object images with and without prior experience of object
discrimination across views, recorded by microelectrodes, were pooled together from our previous experiments.
With a machine learning algorithm, we trained to build classifiers for object discrimination. In the early phase,
the performance of classifiers created based on data of responses to the object images with prior training of
object discrimination across views did not significantly differ from that based on data of responses to the object
images without prior experience of object discrimination across views. However, the performance was
significantly better in the late phase. The results demonstrate the dynamics of selectivity changes and suggest the
involvement of the late phase in the view-invariant object recognition rather than that of the early phase.

In chapter 4, | discussed the learning effects on the representation in monkey inferotemporal cortex.
Object recognition requires differentiation across different objects and generalization across views of the same
object. We previously demonstrated that discrimination of object images at several views without any possibility
of association was enough to achieve object recognition within a certain range of viewing angles and confirmed
the response tolerance of monkey inferotemporal cells within a similar range of viewing angles. However, neither
behavioral object recognition nor electrophysiological response tolerance was complete across views. In the



present study, we extended such learning past performance saturation and recorded neuronal activity during the
further learning period. When monkeys were trained to discriminate objects at several views, we found that they
could discriminate the trained objects regardless of the eventual change in viewing angle, and confirmed a
response tolerance at the population level over a large viewing angle range covering all the viewpoints
experienced. At the cell population level, such overtraining leads to significantly higher neural response
similarity for views of the same objects than for views of different objects regardless of the extent of viewing
angle separation. These results suggest a possible method of view-invariant object recognition development.

| summarized the experimental results on human subjects in Chapter 5. My studies were focused on the
face recognition in addition to general objects. To understand the underlying neuronal representation for face
recognition, this study was designed to investigate the changes in N170, a face-selective event-related potential
component, accompanied by face recognition learning. Participants were asked to train themselves to recognize
novel computer-made faces with different inter-face similarities by performing a face discrimination task, in
which a face had to be discriminated from other faces regardless of the viewpoint presented. Such face
discrimination did not cause any significant change in either the mean N170 amplitude or the mean amplitude
delay. No clear difference was confirmed between the values obtained through high-similarity and low-similarity
face discrimination learning. However, N170 increased significantly in the amplitude variation across different
faces during the high-similarity face discrimination learning process, but no significant increase was observed for
low-similarity faces. These findings imply different neuronal representations for face recognition when using
high-similarity and low-similarity faces.

Chapter 6 gives conclusions of my dissertation.



