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Abstract

The purpose of this study is to observe the brain activity patterns during visual oddball tasks with two difficulty levels by the analysis of
high-density event-related potential (ERP). Along with conventional statistical -analysis of averaged ERP waveforms, we applied
independent component analysis (ICA) for the individual, single-trial analysis and verified its effectiveness. We could identify multiple ERP
components such as early visual components (P1, N1), and two components which seem to be important task-related components and
showed difficulty-dependent variability (P2, P300). The P2 was found around central region at 180 ~ 220 ms, and the P300 was found
globally at 300 ~ 500 ms poststimulus. As the task became difficult, the P2 amplitude increased, and the P300 amplitude decreased. After
single-trial ERPs were decomposed into multiple independent components (ICs), several ICs resulting from P2 and P300 sources were
identified. These ICs were projected onto scalp electrodes and the projected ICs were statistically compared according to two task
difficulties. For most subjects, the results obtained from single-trial/individual analysis using ICA gave the tendencies of amplitude change
that are similar to the averaged ERP analysis for most subjects. The temporal pattern and number of ICs corresponding to p rhythm was not
dependent on the task difficulty. It seems that the motor response was not affected by the task difficulty.
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Fig. 1. (a) Targetand standard stimuli. The size of standard stimuli is changed
for each difficulty leve! (easy and difficult). (b) Experimental design.
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Fig. 2. Several representative independent components corresponding to
major signal sources and artifacts. 1st column: fopography showing
the contribution of each IC on each position on scalp. 2nd column:
temporal variation of IC's extracted from single-trial ERPs. 3rd
column: power spectra of IC's extracted from single-trial ERPs.
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AR ol ol }E Ao/t SR 8 BARNCE B Jlo 2 Z7) avt AR Qe o] F SAF R foju|F 2
Stk P29 st SRR AS S AF o2 FPAZ Aol 7] 2AE B AP AA 3R 2 Cz oM 64.3% (148 =

b e

2, P22}P30001 s &ots S2 24 (IC_P2, IC_P300) 37| SHIEA (ttest) 21} (FHOlE 24, t50: 4
I SMAL p <0.05).
Table 2. Statistical analysis of independent components accounting for P2 and P300 (individual analysis, t>0: larger for easy task than for difficult task, t<0: larger
for difficult than for easy task, boid letter: p < 0.05).

EHU i o 2 A, 1<0: o2 BHL W o 2 A,

Fo

ICs_P2 ICs_P300

#1 2355 0.022 233 0.0 2396 0.020 #1 1.927 0.057 1.951 0.050 0.967 0.048
#2 -0472 0638 -0515 0607 -0.209 0835 #2 -2906 0004 -3.505 0.001 -3.413 0.001
#3 0483 0.630 0606 0.546 0.697 0.488 #3 3.749 0.000 4355 0000 4592 0.000
#4 -1.872 0.064 -0.573 0.568 1137  0.258 #4 0.313 0.755 3.908 0.000 4529 0.000
#5 0.447  0.656 -0475 0636 -0.499 0619 #5 0.969 0.335 0.952 0.343 0.828 0.410
#6 -4537 0000 -4137 0000 -3.527 0.001 #6 9.913 0.000 9.273 0.000 9.582 0.000
#7 -4.166 0.000 -3.047 0.003 -3.714 0.000 #7 1.835 0.069 3.191 0.002 2579 o0.0n
#8 -0.264 0792 -0.004 0997 0318 0.751 #8 0.952 0.343 0.820 0414 1.480 0.142
#9 1.133  0.261 1.008 0317 0130 0.897 #9 0.586  0.560 0.188 0.852 -0.263 0.794
#10 -1.654 0.101 2169 0.032 3970 0.000 #10 -0.715 0.476 4.397 0.000 8.582 0.000
#11 -3.651 0.000 -3.505 0.001 -3.449 0.001 #11 1.190 0.237 1.766  0.080 2.599 0.011
#12 1.526 0130 3.161 0002 -0590 0.554 #12 0.227 0.8t 2.497 0.014 3.125  0.002
#13 1.280 0.203 1245 0216 1.184  0.239 #13 —-4.397 0.000 -3.040 0.003 -2.363 0.020
#14 0379 0706 -1.024 0308 -2717 0.008 #14 —1.560 0122 -0.166  0.869 0.051 0.960
#15 -1.701 0.092 -2315 0023 -0674 0502 #15 4.705 - 0.000 4.798 0.000 5.155 0.000
#16 -3.219 0.002 -3.309 0001 -3.014 0.003 #16 15.562 0.000 19.240 0.000 21.805 0.000
#17 1.280 0.203 1526 0.130 0534 0595 #17 3.513 0.001 1.821 0.071 -0.398 0.692
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