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Functional roles of alpha oscillations in visual perception and their neuroanatomical basis
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Introduction: Neural oscillations at around 10 Hz, called alpha oscillations, appear most saliently among
all neural oscillations especially during the rest. In recent years, correlation between characteristics of
alpha oscillations such as power/frequency/phase and various perceptual phenomena has been established.
However, there has not been conclusive evidence about the causal contribution of alpha oscillations to visual
perception. In this dissertation, I first focused on a phenomenon called motion—induced spatial conflict where
illusory visual vibrations are experienced at around 10 Hz. To prove a causal 1ink between the alpha oscillation
and the illusory jitter perception, I utilized inter— and intra—individual variations and manipulations of
the intrinsic alpha frequency. Second, I focused on the neuroanatomical basis of inter—individual differences
in the alpha power and frequency, which is known to be correlated with several visual phenomena. To study
the relationship between microstructural properties of white matter tracts connecting visual areas and alpha
oscillations, I utilized both diffusion—weighted imaging (DWI) and quantitative MRI (gMRI)
Purpose/Methods: In the first part, to verify whether the alpha oscillation contributes to the illusory jitter
perception, 1 1investigated whether perceived frequency of illusory jitter 1is correlated with
inter/intra—individual variability in the intrinsic alpha frequency. I also invented a method to manipulate
alpha frequency, which was enabled by amplitude modulated transcranial alternating current stimulation
(AM-tACS). The illusory jitter frequency was estimated by the constant method, while the alpha frequency was
measured by magnetoencephalography (MEG). Furthermore, I performed the source analysis on MEG during the
observation of illusory jitter. In the second part, to investigate the relationship between the amplitude
and frequency of alpha oscillations and microstructural properties of the major white matter tracts connecting
visual areas and, I measured MEG during rest, DWI and gMRI for the same participants.

Results/Discussion: There was a strong correlation between alpha frequency during rest and illusory jitter
frequency across participants. Also, small fluctuation of alpha frequency within participant was correlated
with the illusory jitter frequency. In addition, when the frequency of the alpha oscillation was increased
or decreased by amplitude modulated-tACS, the illusory jitter frequency also changed reflecting the change
in the alpha frequency. From these experiments, I found that the illusory jitter directly mirrors the intrinsic
alpha frequency. Furthermore, the phase synchronization of alpha oscillations was found to be increased between
IPL and IT, which are located in the dorsal and ventral areas respectively. Illusory jitter may arise from
the cyclic correction of the dissociation between positional representation in dorsal and ventral visual
pathways. In the second part, the power and frequency of alpha oscillations were found to be significantly
correlated with the tissue structural properties in optic radiation (OR), which connects LGN and V1. The results
suggest that alpha oscillations may originate from the interaction between LGN and V1. In conclusion, I
elucidated a functional role of alpha oscillations in visual processing and neuroanatomical substrate

characterizing alpha oscillations.
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10 HzFRE CAE U DN OBXWEENT T V7 7 I LTI, < bikx RIFERITOR TE Tz, BIOGEFE T, #
HRENHE A R RET ZENAbN TS, AL, SHMEOIE L R DMNORFRIZS LTT A7 7 ARIK &
LCHET2Z &2 MMIOR LRI, EEAEHFELRY, & 2 TR CIE, SHCBEIT 2 7R & Rofithmn
HIEEPHIBENL TWA X DI AR (jittertth : motion—induced spatial conflict)iZFH L. jittertE R JE
BT N7 7 OB L > TRBMICIRE SN D DRET S L 2N E Lz, EELRERIUTOETH
%o (DEEOFERBING T UL BIREO 7 V7 7 WO RN jitter RO R L AHE L=, Q) &nE
WOT N7 7D EOP & &2 UTiitters RO E S D 5172, (3)200 Hz DA 210 Hz (U D 2838 & e
BEFEOL D ICIRIZEM L 2B E AW CT A7 7 ORI EZ B ST 2 A, jitterSROBEZ LT V>
7 WO ENIE U TEAb Lz, PLEOREFIIMNIC T 2 TFET 2 T V7 7 WO EEE jitters&H O B 5 % g
LTWDZEEHBRITRLTWD, IRWT, 77 7 O EEECCIRIEE AR TR DA ZED 72012, MRITHE
HIRR IR TR EAT o T2, ZORR., AR R Z KB B 2 D B0 & XN 2 B R OIS RHEN T V7 7 D
JERECOHRIEOE N EFIE T D Z L 2R Lz, LRO@EY . KinsUL7 L7 7 EOMRET K OV OS5 I
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