fNIRS

congruent

Bilingual Stroop Test; BST

fNIRS

incongruent

ok
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11
2007

Cheeetal. 1999 Kimetal. 1997 Ojimaetal.
2010 Peranietal. 1998 , 2009 2008 2008

Lenneberg 1967
Newport 1990

12 2008 12 3
2000 10

96 2002

PET positron emission tomography:
fMRI functional magnetic resonance imaging:
: 2002

fMRI PET
fNIRS functional near-infrared spectroscopy: fNIRS

, 2009 fNIRS
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Kasai 2009
fNIRS
Scherer et al. 2006
Quaresima etal. 2002
fNIRS
2001
2006
fNIRS
2008
fNIRS
2008
fNIRS
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2004

1.2

RQ
RQ

, 1994

2000

Zied et al.

Ikezawa et al.

Nancy et al.

fNIRS

2009
2002

1990

2004

Sonyaetal. 2009

Ravnkilde et al.
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2.1

fNIRS

134

10
20 10

fNIRS

Bilingual Stroop Test: BST

BST

-2010-10

89
10

2010
fNIRS
134

84 43

12

129
99
23 31 30

2010 10 18 22

-05 -

2010

127

2010
22

45
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1 BST
2 2
¢ ) ()

2
1 26 12.71 3.63 | 0.19** | 0.98 | 12.19** | 4.01

2
2 18 17.38 6.08 | 0.78** | 0.94 | 11.39** | 391

3

3 20 16.72 3.68 4.42 0.81 7.36 2.28
4 20 15.71 2.54 7.60 1.76 4.40 1.67

6 12

16
5 17 | 33.17** | 1298 | 20.82 | 6.08 5.14 8.24
6 26 | 21.67** | 6.40 N/A N/A N/A N/A
**p 01

BST

12 16

16
5 33.1
22.7 16.8 15.9
12.7 155




11

BST

TNIRS

2.2

40

25

FOIRE-3000

21600BZZ00195000

HDR-XR500V
13

fNIRS

NIRS
30
NIRS
t
1(153)=1.497, p >.05)
27 )
20
functional near-infrared spectroscopy: fNIRS
OMM-3000
SONY
14
42

780=5nm, 805+5nm, 83045nm
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10-20 T3-Fpl-Fz-Fp2-T4
Cz-Nz Cz

fNIRS
IC SONY PCM-D50 fNIRS
42 mM cm
oxy-Hb deoxy-Hb
total-Hb 3

Eﬂ@ﬂ-ﬂ@
mﬂ@

31
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fNIRS oxy-Hb 42 fNIRS
Excel file mp3
AVCDH CPI JPEG
Excel
2.3
BST 30
Apple  MacBook Pro
17" colour patch colour naming
congruent
incongruent
MicroSoft Power Point2007 96
20
incongruent
colour naming
[ _J ( (
congruent ( )
congruent (red, blue, yellow, black, green)
red blue black green
incongruent ( )
incongruent (blue, yellow, green, red, blue)
red yellow black green
2 BST

-99 -
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BST rest (tapping) colour naming task congruent task incongruent task
B—%x 30%) BAGE201E HHFE20{E | BAGE20{8 REFE20{E | BAE20E ZHEZE20E
BST  rest (tapping) colour naming task congruent task incongruent task
®—H 30%) HREFE20 BAFE20ME | ZBEFE20f8 BARGE20ME || REFE208 BARFE20{E
BST
2.4
fNIRS 42
130 0.13
130 m.s.
= fNIRS
42
fNIRS
2.4.1
BST color naming congruent incongruent
fNIRS

%

242
1
17, 25, 34
, 18, 26
fNIRS Yanagisawa et al. 2010

- 100 -

rest (tapping)
30%

rest (tapping)
30#)

42
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oxy-Hb/deoxy-Hb/total-Hb

243
BST color naming congruent incongruent
fNIRS
fNIRS
congruent fNIRS
incongruent incongruent fNIRS
BST
congruent incongruent
20
10
26
fNIRS 10
10
10

- 101 -
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0 -0.148938 -0.028093 -0.01222 0 -0.000102 0.0027461 -0.002854
0.13 -0.039066 -0.015019 -0.014361 0.13 0.0096404 -0.002418 -0.001788
0.26 -0.030076 -0.01531 -0.017969 0.26 0.0054345 0.0011339 0.0131364
2.99 -0.041615 -0.035493 -0.01753 2.99 -0.003795 -0.000652 0.0077174
31.33 | -0.021242 0.0071751 -0.015518 | 34.71 | -0.006547 -0.009224 -0.00021
31.46 | -0.050854 0.0156333 -0.011568 | 34.84 | -0.013631 -0.001529 -0.001812
31.59 | -0.043261 -0.007402 -0.008068 | 34.97 | -0.012617 -0.016183 0.0017386
31.72 | -0.050016 -0.017955 -0.011433 35.1 -0.003588 -0.006857 0.0090834

1
0 10
009 PR 004
.
0.08 0.035 |
007 r l{“ 003 —
0.06 { vlv\ 0.025 |
005 | 002 il
0.04 Oé’éi LB 11 R
003 | ' N
0.005 T T 1T
0.02 M l\
0 | ||M
001 -0.005 10 20 30 )
0 ‘ ‘ ‘ -001
0 10 20 30 40 -0.015
19
> < > > X
Bonferroni

- 102 -




Eta Squared

42

244

congruent

congruent

10

incongruent

Bonferroni

3.1

incongruent

127

congruent

congruent

fNIRS

Eta Squared

0.14
2010 Schroeter et al. 2002
fNIRS
fNIRS congruent
10
fNIRS
congruent fNIRS
incongruent fNIRS
congruent/incongruent
12
24
fNIRS
20
20
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3.1.1
congruent congruent
1 26 23.88 5.17 26 21.69 5.07
2 18 23.65 5.55 18 23.42 5.87
3 20 24.98 6.73 20 24.30 6.02
4 20 24.30 4.59 20 24.04 4.14
5 17 28.48 7.08 17 26.50 6.42
6 26 24.45 9.39 26 26.07 9.94
F(5, 121)=1.266, p<.05, F(5, 121)=1.607, p<.05,
Eta Squared=.05 Eta Squared=.062
incongruent incongruent
1 26 31.97 11.04 26 29.09 6.95
2 18 27.80 5.83 18 27.93 7.02
3 20 27.10 5.24 20 27.08 5.53
4 20 28.09 4.09 20 27.26 5.17
5 17 29.98 7.06 17 29.64 6.53
6 26 29.24 9.27 26 29.34 8.82

F(5, 121)=1.17, p<.05,
Eta Squared=.046

F(5, 121)=0.53, p<.05,
Eta Squared=.021
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incongruent incongruent
1 26 0.97 0.09 26 0.99 0.02
2 18 1.00 0.01 18 0.99 0.02
3 20 1.00 0.00 20 1.00 0.00
4 20 1.00 0.01 20 1.00 0.00
5 17 1.00 0.01 17 1.00 0.00
6 26 1.00 0.00 26 1.00 0.00
F(5, 121)=1.965, p<.05, F(5, 121)=1.464, p<.05,
Eta Squared=.075 Eta Squared=.057
incongruent incongruent
1 26 | 30.81 10.68 1 26 | 28.83 6.78
2 18 | 27.71 5.76 2 18 | 27.72 6.79
3 20 | 27.10 5.24 3 20 | 27.08 5.53
4 20 | 28.02 4.14 4 20 | 27.26 5.17
5 17 | 29.88 7.03 5 17 | 29.64 6.53
6 26 | 29.24 9.27 6 26 | 29.34 8.82
F(5, 121)=44.041, p<.05, Eta Squared=.003 | F(5, 121)=.527, p<.05, Eta Squared=.0021

congruent

congruent incongruent incongruent

congruent

congruent incongruent incongruent
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40.00
30.00
1 26 23.88 5.17
2 | 26 | 21.69 5.07 2000 ¢
3 26 | 3197 11.04 10.00
0.00
4 26 29.09 6.95 1 9 3 4
F(3, 23)=9.681, p<.05, m 23.88 |21.69 |31.97 |29.09
Eta Squared=.558
3 19 0.96 0.10 26 30.81 10.68
4 19 0.99 0.03 26 28.83 6.78
F(1, 18 )=1.785, p<.05, F(1, 25)=2.229, p<.05,
Eta Squared=.09 Eta Squared=.082
congruent incongruent
congruent incongruent congruent
incongruent congruent incongruent congruent
incongruent congruent incongruent
30.00
1 18 23.65 5.55
28.00
2 18 23.42 5.87 26.00
3 18 27.80 5.83 24.00
4 18 | 27.93 7.02 20 J l
20.00
F(3, 15)=3.219, p<.05, ! 2 3 4
m 23.65 | 23.42 | 27.80 | 27.93
Eta Squared=.392
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3 18 1.00 0.01 18 27.71 5.76
4 18 0.99 0.02 18 27.72 6.79
F(1, 17)=1.00, p<.05, F(1, 17)=.001, p<.05,
Eta Squared=.056 Eta Squared=0
congruent incongruent congruent
incongruent congruent
incongruent congruent incongruent
28.00
1 20 | 24.98 6.73 27:00
26.00
2 20 | 24.30 6.02 25.00
3 20 | 27.10 5.24 24.00
4 |20 2708 5.53 2300
2200 1 2 3 4
F(3, 17)=4.037, p<.05,
3, 17) P ™ 24.98 | 24.30 | 27.10 | 27.08
Eta Squared=.416

3 20 1 0 20 27.10 5.24

4 20 1 0 20 27.08 5.53

F(1, 19)=.001, p<.05,

100 (1,19) P
Eta Squared=0
congruent
incongruent congruent incongruent, congruent incongruent,
congruent incongruent congruent incongruent
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30.00
1 20 | 24.30 4.59 2500 |
2 20| 24.04 4.14 26.00
3 20 | 28.09 4.09 2400 |
4 20 | 27.26 5.17 J .
22.00
F(3, 17)=12.983, p<.05, ! 2 3 4
™ 24.30 24.04 28.09 27.26
Eta Squared=.696
3 20 1.00 0.01 20 28.02 4.14
4 20 1.00 0.00 20 27.26 5.17
F(1, 19)=1.00, p<.05, F(1, 19)=.81, p<.05,
Eta Squared=.05 Eta Squared=.041
congruent incongruent, congruent
incongruent congruent incongruent, congruent incongruent
32.00
1 17 28.48 7.08
30.00
2 17 26.50 6.42
28.00 |-
3 17 29.98 7.06
26.00
4 17 | 29.64 6.53 pio0 .
) 1 2 3 4
FG, 14)=5.843, p<.05, ™ 28.48 | 26.50 | 29.98 | 29.64
Eta Squared=.556
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3 17 1.00 0.01 17 29.88 7.03
4 17 1.00 0.00 17 29.64 6.53
F(1, 16)=1.00, p<.05, F(1, 16)=.145, p<.05,
Eta Squared=.059 Eta Squared=.009
congruent incongruent congruent
incongruent , congruent incongruent ,
congruent incongruent , congruent incongruent
10
10
1| 26 | 2445 9.39 00
30.00
2 26 | 26.07 9.94
20.00
3 26 | 29.24 9.27
10.00
4 26 | 29.34 8.82
0.00
F(3,23)=11.197, p<.05, 1 2 3 4
| | 24.45 26.07 29.24 29.34
Eta Squared=.594
3 26 1.00 0.00 26 29.24 9.27
4 26 1.00 0.00 26 29.34 8.82
F(1, 25)=.025, p<.05,
100 (1,25) p
Eta Squared=.001

congruent incongruent
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3.2 fNIRS
fNIRS fNIRS
JE
EJ
congruentJE. a congruentE] b incongruent)E ¢
incongruentEJ d
3.2.1
congruentJE
congruentJE fNIRS
11
11 congruentJE
congruentJE
1 2 3 4 5 6
1 78 | -0.0027 0.0024 1 N/A ) o| o o
2 78 | -0.0039 0.0037 2 | N/A NA |o| o o
3 78 | -0.0046 0.0050 3 o N/A o| o o
4 78 | -0.0085 0.0034 4 o o o o o
5 78 | -0.0010 0.0027 5 o o o o N/A
6 78 | -0.0007 0.0025 6 o o o o | N/A
F(5, 462)=55.693, p<.05, Eta Squared=.376
congruentJE
mMcm
o . —
-0.004
-0.006
-0.008
-0.01
1 2 3 4 5 6
- -0.0027 -0.0039 -0.0046 -0.0085 -0.001 -0.0007
congruentJE
fNIRS
12
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12 congruentJE

fNIRS

congruentJE
congruentJE
mMcm
1 78 | -0.0048 | 0.0093 0.0000 | .
-0.0020
2 78 | -0.0012 | 0.0038
-0.0040
3 78 | -0.0095 | 0.0651 -0.0060
4 78 | -0.0071 | 0.0029 -0.0080
5 78 | -0.0087 | 0.0028 00100 = 5 3 A p p
6 78 | -0.0008 | 0.0020 = -0.0048 |-0.0012 | -0.0095 | -0.0071 | -0.0087 | -0.0008
F(5, 462)=1.505, p<.05, Eta Squared=.016
congruentEJ
congruentEJ fNIRS
13
13 congruentEJ
congruentEJ
1 2 3 4 5 6
1 78 | 0.0098 0.0031 1 o o o o o
2 78 | 0.0038 0.0050 2| o N/A| o o | N/A
3 78 | 0.0033 0.0043 3| o | N/A o o | N/A
4 78 | -0.0046 0.0042 41 o o o N/A| o
5 78 | -0.0057 0.0062 5| o0 o o | N/A o
6 78 | 0.0038 0.0050 6| o | NA|NA| o o
F(5, 462)=121.054, p<.05, Eta Squared=.567
congruentEJ
mMcm
0.0150
0.0100
0.0000 I | - m
-0.0050
-0.0100
1 2 3 4 6
| 0.0098 0.0038 0.0033 -0.0046 -0.0057 0.0038
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congruentEJ
congruentEJ
fNIRS
14
14 congruentEJ
congruentEJ congruentE]
mMem
1 78 | 0.0062 0.0034 0
2 78 | 0.0041 0.0038 0.0000
3 78 | -0.0050 0.0032 o000 |
4 78 | -0.0030 0.0042
5 78 | -0.0131 | 0.0032 M T T s [+ 5 s
6 78 | -0.0013 0.0025 [ | 0.0062 | 0.0041 | -0.0050 | -0.0030 | -0.0131 | -0.0013
F(5, 462)=317.916, p<.05, Eta Squared=.775
incongruentJE
incongruent]E fNIRS
fNIRS 15
15 incongruent]E
incongruentJE
1 2 3 4 |5 6
1 78 -0.0002 0.0005 1 NA | NA|o | o| o
2 78 -0.0018 0.0048 2 | N/A NA | o | o | o
3 78 -0.0015 0.0040 3| NA | NA o | o | o
4 78 0.0120 0.0050 4| o o o o | o
5 78 0.0084 0.0037 5 o o o o o
6 78 -0.0070 0.0033 6| o o o o | o
F(5, 462)=268.431, p<.05, Eta Squared=.744
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incongruentJE
mMcm
0.0200
0.0100 | .
0.0000 | T T
-0.0100
1 2 3 4 5 6
[ -0.0002 -0.0018 -0.0015 0.0120 0.0084 -0.0070
incongruentJE
incongruent]E fNIRS
16
16 incongruent]E
incongruentJE
1 2 3 4 5 6
1 78 | 0.0008 0.0025 1 N/A|NA|NA| o |NA
2 78 | -0.0034 0.0042 2 | N/A N/A| o o | N/A
3 78 | 0.0044 0.0616 3| N/A | N/A N/A| o |NA
4 78 | 0.0115 0.0024 4| N/A| o |NA N/A| o
5 78 | 0.0173 0.0052 5|1 o o o | N/A o
6 78 | -0.0007 0.0025 6 | NJ/A|NA|NA| o o
F(5, 462)=7.574, p<.05, Eta Squared=.076
incongruentJE
mMcm
0.0200
0.0150
0.0100
0.0050
0.0000 - -
-0.0050
1 2 3 4 5 6
[} 0.0008 -0.0034 0.0044 0.0115 0.0173 -0.0007
incongruentEJ
incongruentEJ fNIRS




fNIRS

fNIRS 17
17 incongruentEJ
incongruentEJ
1 2 3 4 5 6
1 78 | 0.0093 0.0064 1 o o |[NNA|lo| o
2 78 | -0.0003 0.0054 |2| o NA| o |[o| o
3 78 | 0.0014 0.0037 |3| © |N/A o |o| o
4 78 | 0.0073 0.0080 |4 | N/A| o o o | N/A
5 78 | -0.0036 0.0081 5| o o o o o
6 78 | 0.0048 0.0027 |6| © o o |[NA|o
F(5, 462)=50.364, p<.05, Eta Squared=.353
Mo incongruentEJ
0.0100
0.0050 .
0.0000 _— - l
~0-0050 1 2 3 4 5
™ 0.0093 -0.0003 0.0014 0.0073 -0.0036 0.0048
incongruentEJ
incongruentEJ fNIRS
18
18 incongruentEJ
incongruentEJ
1 2 3 4|5 6
1 78 | 0.0029 0.0042 1 o |[NJA|o | o |NA
2 78 | -0.0003 0.0028 |2| © o |o | o |NA
3 78 | 0.0043 0.0044 |3 |N/A| © o|lo| o
4 78 | 0.0072 0.0081 4] o o o o| o
5 78 | -0.0071 0.0059 |5| o o o |o o
6 78 | 0.0007 0.0030 |6 | NJA|NA| © |o| o
F(5, 462)=73.708, p<.05, Eta Squared=.444
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incongruentEJ
mMcm
0.0100
0.0050 [
oooco | N m B
-0.0050 .
-0.0100
1 2 3 4 5 6
[ | 0.0029 -0.0003 0.0043 0.0072 -0.0071 0.0007
congruentJE fNIRS
congruentJE fNIRS congruentEJ
congruent
incongruentJE
322
congruentJE
congruentEJ incongruentJE incongruentEJ
congruentJE
incongruent]E congruentEJ
incongruentEJ
congruentEJ incongruentEJ congruentEJ
incongruentEJ
Q)
(a)
congruentJE fNIRS congruentEJ
incongruentEJ fNIRS EJ
fNIRS congruentJE
incongruentEJ fNIRS congruentJE
congruentJE incongruentEJ incongruentEJ congruentEJ
congruentEJ congruentEJ
incongruentJE
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(b)
JE fNIRS EJ
JE
congruent incongruent congruentJE
incongruentJE EJ
congruent incongruent congruent JE
EJ congruentJE congruentEJ incongruent
congruentJE
incongruentEJ congruentEJ incongruentJE
EJ congruentJE  incongruentEJ
incongruentEJ congruentJE
(c)
fNIRS congruentJE
JE incongruent fNIRS congruentJE
incongruentJE EJ congruent incongruentEJ
congruentEJ
JE EJ fNIRS
congruentE] congruentEJ incongruentEJ incongruentEJ
congruentJE incongruentEJ congruentEJ incongruentlE
JE EJ
congruentJE incongruentEJ incongruentJE congruentEJ
1 19
19
1
, mMem
a 78 | -0.0027 |  0.0024 0015
a 78 | -0.0048 0.0093 00l
b 78 | 0.0098 0.0031
b 78 | 0.0062 0.0034 bAvs
c 78 | -0.0002 0.0005 0
c 78 | 0.0008 0.0025
78 | 0.0093 |  0.0064 o
78 | 0.0029 |  0.0042 A0l
aoja |[b b fc ofc |4 |d
P, 07)772.022, p=05, B -0.0027}-0.0048] 0.0098 | 0002 |-0.00021 0.0008 | 0.0093 | 0.0029
Eta Squared=.971
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(@)
(a)
congruentJE fNIRS EJ
congruent
20 incongruent fNIRS
congruentJE
congruentJE
(b)
fNIRS congruentEJ
JE EJ congruent fNIRS
incongruentEJ congruentEJ
incongruent congruent EJ EJ
congruentEJ congruentEJ
congruentJE incongruentEJ congruentEJ incongruent]E
JE EJ
congruentJE incongruentEJ incongruent]JE congruentEJ
(c)
fNIRS congruentEJ
JE EJ congruent incongruentJE
congruentEJ incongruentE] congruentEJ congruent
incongruent EJ
congruentJE incongruentEJ congruentEJ incongruentJE
JE EJ
congruentJE incongruentEJ incongruent]JE congruentEJ
2 20
20
mMcm
0.006
0.004
0.002
0
-0.002 |
-0.004
0006 a a b b c c d d
] -0.004/-0.001]0.0038|0.0041]-0.002|-0.003| -3E-04|-3E-04
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a 78 -0.0039 0.0037
a 78 -0.0012 0.0038
b 78 0.0038 0.005
b 78 0.0041 0.0038
c 78 -0.0018 0.0048
c 78 -0.0034 0.0042
d 78 -0.0003 0.0054
d 78 -0.0003 0.0028
F(11, 67)=61.066, p<.05,
Eta Squared=.909
(©)
(a)
congruentJE fNIRS congruentEJ
incongruent]E
incongruentEJ
congruentJE congruenEJ fNIRS
congruentEJ incongruent JE
EJ incongruentJE incongruent]JE incongruentEJ
incongruent
(b)
congruentJE fNIRS
EJ JE congruent
incongruent congruentJE incongruentJE
congruent incongruent EJ congruentJE

congruentEJ incongruentJE  incongruentEJ
congruentJE incongruentEJ congruentJE incongruentEJ
incongruent congruentJE
incongruentEJ congruentEJ incongruentJE
(c)
congruent fNIRS incongruent

JE
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EJ incongruent congruetEJ
incongruentEJ
3 21
21
3
’ mMem
a 78 | -0.0046 0.005 001
a 78 | -0.0095 0.0651
0,005
b 78 | 0.0033 0.0043
0
b 78 | -0.005 0.0032
c 78 | -0.0015 |  0.004 0003
C 78 | 0.0044 0.0616 001 ¢
d 78 | 0.0014 0.0037 0055
d 78 | 0.0043 | 0.0044 a la b gb je je |4 |d
B |-0.005]-0.0110.0033/-0.005|-0.002|0.0044(0.0014/0.0043
F(11, 67)=79.17, p<.05, Eta Squared=.929

“
(a)
congruent fNIRS
incongruent
(b)
congruent fNIRS
incongruent JE EJ
congruent incongruent fNIRS congruentJE
incongruent]E  congruentEJ incongruentEJ congruent
EJ fNIRS congruentJE  congruentEJ incongruent
incongruent fNIRS congruentJE
incongruentEJ  congruentEJ incogruentJE
(b)
incongruent

fNIRS congruent

incongruentEJ

congruent]E incogruentJE congruentEJ

congruent
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EJ fNIRS congruent]JE congruentEJ
incongruent
incongruent fNIRS
congruentJE incongruentEJ congruentEJ incogruentEJ
4 22
22
4
, mMem
a 78 | -0.0085 0.0034 0015
a 78 | -0.0071 0.0029 001 |
b 78 | -0.0046 0.0042
b 78 | -0.003 0.0042 s
c 78 | 0.012 0.005 0
c 78 | 0.0115 0.0024 0005
d 78 | 0.0073 0.008 Al
d 78 | 0.0072 | 0.0081 a ja b b e o |4
F(11, 67)=4.138, p<.05, Eta Squared=.985 B |-0.009]-0.007}-0.005]-0.003 0.012 |0.0115]0.00730.0072
6]
(a)
incongruentEJ fNIRS
congruent
congruentJE congruentJE congruentEJ
congruentEJ incongruent JE
incongruentJE incongruentJE EJ
incongruentEJ incongruentEJ
(b)
incongruent]JE fNIRS
JE congruent incongruent
congruent)JE  incongruent]E  EJ
congruent incongruent EJ JE
fNIRS congruentEJ congruentJE incongruentEJ incongruentJE
congruentJE
incongruentEJ congruentEJ incongruentJE
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congruentEJ incongruentJE
(c)
incongruentJE fNIRS
JE EJ congruent
incongruent congruentJE incongruentJE
congruentEJ incongruentEJ congruent incongruent
EJ JE congruentEJ congruentJE
incongruentEJ  incongruentEJ
congruentJE incongruentEJ congruentJE
incongruentEJ congruentEJ incongruentJE
5 23
23
5
’ mMem
a 78 | -0.001 0.0027 00
a 78 | -0.0087 0.0028
b 78 | -0.0057 | 0.0062 0.01
b 78 | -0.0131 0.0032
c 78 | 0.0084 0.0037 !
c 78 | 0.0173 0.0052 00t
d 78 | -0.0036 0.0081
d 78 | -0.0071 0.0059 .02
a |a b b |c ¢ [d |d
FULL 6774075, p=05, B 0.001-0.009-0.006-0.013.0.00840.0173-0.004-0.00
Eta Squared=.985
Q)
(a)
JE fNIRS EJ fNIRS
congruentEJ EJ
congruentEJ congruentEJ
incongruentEJ incongruentEJ congruentJE
incongruentEJ incongruent]E
incongruent]E
(b)
EJ fNIRS JE
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congruent

incongruent

congruentJE

(©

JE

fNIRS

incongruent
incongruentJE  congruentJE EJ
congruentEJ incongruentEJ JE EJ
EJ
congruent]JE congruentEJ incongruentJE incongruentEJ
incongruent

incongruentEJ congruentEJ incongruentJE

incongruentEJ fNIRS
EJ congruent incongruent

congruentEJ incongruentEJ

JE EJ
congruentJE congruentEJ incongruent]JE incongruentEJ
congruentEJ incongruentJE
congruentJE incongruentEJ congruentEJ
incongruentEJ
6 24
24 6
6
’ mMem
a 78 | -0.0007 0.0025 00l
a 78 | -0.0008 0.002
b 78 | 0.0033 0.0025 0005
b 78 | -0.0013 0.0025
c 78 | -0.007 0.0033 !
c 78 | -0.0007 0.0025 0065
d 78 | 0.0048 0.0027
d 78 | 0.0007 0.003 Q01
a & (bbb e ¢ |d |d

F(10, 68)=94.677, p<.05,
Eta Squared=.933

B -7E-04--8E-04)0.0033-0.001 -0.007|-7E-04]0.00480.0007

JE

EJ fNIRS
EJ EJ fNIRS
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EJ JE fNIRS
EJ JE
EJ fNIRS
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BST
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4.12
(1)
congruent
congruent incongruent incongruent
incongruent 26
60
incongruent 95 90
100 19 70
)
congruent incongruent
congruent incongruent
congruent incongruent congruent incongruent
congruent incongruent
1994
€)
cogruent incongruent
congruent incongruent congruent
incongruent
“4)
congruent
incongruent congruent
incongruent, congruent incongruent, congruent incongruent
congruent incongruent
®)
congruent
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incongruent, congruent incongruent congruent incongruent,
congruent incongruent congruent incongruent
17
(6)
congruent incongruent
congruent incongruent
Ravnkilde et al. 2002
BST
4.2 {NIRS
fNIRS
Schroeter et al. 2002
lateral prefrontal cortex FC
FC
4.2.1
(1) congruentJE
congruentJE fNIRS
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(3) congruentEJ
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incongruentJE
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fNIRS

fNIRS

Homae etal. 2006
1992

fNIRS

fNIRS
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2008
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fNIRS
incongruentEJ fNIRS
congruentJE
Kim et al. 1997
congruentEJ fNIRS
2006
EJ
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JE
incongruent fNIRS
Schroeter et al. 2004
congruentJE
congruentEJ
congruentJE congruent EJ
congruent
JE
congruentJE
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congruent

fNIRS
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fNIRS Schroeter et al. 2004
“
congruent fNIRS
incongruent fNIRS
fNIRS
Schroeter et al. 2002
congruent
2006
6))
congruent JE EJ fNIRS
JE lateral prefrontal cortex
Schroeter et al. 2002 EJ
congruent incongruent
(6
congruentEJ congruentJE
JE
congruent fNIRS incongruentJE
congruentJE congruent incongruent
Schroeter etal. 2002 EJ
congruent incongruent fNIRS
Schroeter et al. 2002
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fNIRS
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2002
1994 — —
2008
2000
2009 NIRS—
R , . . . 2008
: NIRS ,
.TL, , 108, 45-48.
2007
.TL, 107 37-40
J-congruent | E-congruent | J-incongruent | E-incongruent
10 10 10 10
- 10 10 10 10
10 10 10 10
10 10 10 10
= 10 10 10 10
10 10 10 10
10 10 10 10
- 10 10 10 10
10 10 10 10
10 10 10 10
- 10 10 10 10
10 10 10 10
- 10 10 10 10
10 10 10 10
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10 10 10 10
10 10 10 10
G6 10 10 10 10
10 10 10 10
E-congruent | J-congruent | E-incongruent | J-incongruent
10 10 10 10
G1 10 10 10 10
10 10 10 10
10 10 10 10
G2 10 10 10 10
10 10 10 10
10 10 10 10
G3 10 10 10 10
10 10 10 10
10 10 10 10
G4 10 10 10 10
10 10 10 10
10 10 10 10
G5 10 10 10 10
10 10 10 10
10 10 10 10
G6 10 10 10 10
10 10 10 10
2
congruent incongruent J-incongruent E-incongruent
task
#S
type
E—J 1 19.04 | 20.45 | 22.86 | 22.33 20 20 100% | 20 20 100%
J—E 2 29.34 | 29.19 | 32.31 | 34.06 20 20 100% | 20 20 100%
J-E 3
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J—-E 4 22.38 | 23.79 | 35.5 | 22.79 16 20 80% 20 20 100%
J—-E 5 20.02 | 16.86 | 27.83 | 18.94 20 20 100% 20 20 100%
J-E 6 25.81 | 24.58 | 23.38 | 22.44 20 20 100% 20 20 100%
J-E 7 32.99 | 2535 | 30.99 | 24.02 20 20 100% 20 20 100%
J-E 8 2521 | 25.68 | 25.27 | 28.01 20 20 100% 20 20 100%
J-E 9 26.68 | 2491 | 25.65 | 27.17 20 20 100% 20 20 100%
J-E | 10 23.71 | 25.15 | 26.05 | 25.61 20 20 100% 19 20 95%
J-E | 11 21.74 | 17.41 | 20.98 | 19.46 20 20 100% 20 20 100%
J-E | 12 34.14 | 21.22 | 31.22 | 28.79 20 20 100% 20 20 100%
J-E | 13 26.17 | 23.35 | 40.27 | 48.36 20 20 100% 20 20 100%
J-E | 14 23.44 | 22.57 | 2638 | 26.18 20 20 100% 20 20 100%
J-E | 15 24.55 | 21.42 | 28.67 | 25.84 20 20 100% 20 20 100%
16 !
J-E | 17 20.47 | 1933 | 26.18 | 23.73 20 20 100% 20 20 100%
J-E | 18 22.62 | 18.42 | 4252 | 40.42 20 20 100% 20 20 100%
J-E | 19 2795 | 1994 | 27.67 | 32.79 20 20 100% 20 20 100%
J-E | 20 28.84 | 2539 | 38.12 | 42.31 20 20 100% 20 20 100%
J-E | 21 24.57 | 24.57 | 32.39 | 33.66 20 20 100% 20 20 100%
J-E | 22 24.19 | 2249 | 27.26 | 25.05 20 20 100% 20 20 100%
J-E | 23 20.44 | 17.02 | 15.59 | 21.72 20 20 100% 20 20 100%
JoE | 24 21.84 | 21.27 | 26.28 | 25.17 20 20 100% 20 20 100%
J-E | 25 19.38 | 18.53 | 21.63 | 22.44 20 20 100% 20 20 100%
J-E | 26 20.36 19.3 | 43.32 | 36.64 12 20 60% 20 20 100%
J-E | 27 243 22.03 | 33.46 | 29.09 20 20 100% 20 20 100%

- 138 -




fNIRS

J-E | 28 30.15 | 31.47 | 27.99 | 28.39 20 20 100% 20 20 100%
J-E | 30 28.45 | 27.59 | 36.49 | 35.34 20 20 100% 20 20 100%
J-E | 31 19 19.79 | 35.35

J-E | 32 18.46 | 17.72 | 344 | 28.27 20 20 100% 20 20 100%
J-E | 33 25.55 234 | 2531 | 26.29 20 20 100% 20 20 100%
J-E | 34 19.54 | 14.67 | 35.7 | 33.48 20 20 100% 20 20 100%
J-E | 35 23.83 | 21.63 | 23.19 | 22.88 20 20 100% 20 20 100%
J-E | 36 22.56 | 22.04 | 45.99 | 38.21 20 20 100% 20 20 100%
J-E | 37 23.04 | 17.96 | 28.63 | 27.37 20 20 100% 20 20 100%
J-E | 38 16.68 | 15.69 | 17.43 | 18.12 20 20 100% 20 20 100%
J-E | 39 23.63 | 20.83 | 28.47 | 25.17 20 20 100% 20 20 100%
E—J | 40 24.01 | 27.15 | 26.11 | 26.1 19 20 95% 20 20 100%
J-E | 41 2739 12092 | 23.34 | 26.5 20 20 100% 20 20 100%
J-E | 42 28.89 | 20.29 | 72.74 | 44.24 20 20 100% 20 20 100%
J-E | 43 21.77 | 20.57 | 45.11 | 33.3 19 20 95% 20 20 100%
J-E | 44 25.35 | 23.01 | 42.68 | 36.74 20 20 100% 20 20 100%
J-E | 45 27.84 24.5 | 27.29 | 29.68 20 20 100% 20 20 100%
J-E | 46 19.65 | 16.67 | 38.44 | 37.77 19 20 95% 18 20 90%
J-E | 47 22.75 21.1 | 21.69 | 21.94 20 20 100% 20 20 100%
J-E | 48 32.56 | 28.06 | 25.37 | 25.33 20 20 100% 20 20 100%
J-E | 49 23.16 | 20.69 | 25.27 | 26.39 20 20 100% 20 20 100%
J-E | 50 29.23 | 25.13 | 31.04 | 30.55 20 20 100% 20 20 100%
J-E | 51 19.54 | 18.65 | 23.12 | 22.88 20 20 100% 20 20 100%
J-E | 53 23.86 22.9 | 22.72 | 26.87 20 20 100% 20 20 100%
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J-E | 54 28.55 | 2522 | 27.16 | 26.14 20 20 100% 20 20 100%
J-E | 55 30.59 | 27.88 | 38.77 | 37.14 20 20 100% 20 20 100%
J-E | 58 17.22 | 17.22 | 31.69 | 30.33 19 20 95% 20 20 100%
J-E | 59 27.73 | 21.42 | 30.67 | 31.27 20 20 100% 20 20 100%
E—J | 60 16.66 | 1697 | 29.73 | 18.82 20 20 100% 20 20 100%
E—J | 61 29.81 | 28.89 | 36.89 | 36.39 20 20 100% 20 20 100%
E—J | 62 15.08 22.2 | 2899 | 28.7 20 20 100% 20 20 100%
E—J | 63 16.76 | 18.77 | 20.12 | 21.32 20 20 100% 20 20 100%
E—J] | 64 21.96 23.1 | 23.78 | 28.18 20 20 100% 20 20 100%
E—J | 65 31.99 | 32.85 | 35.36 | 35.57 20 20 100% 20 20 100%
E—J | 68 3475 | 37.27 | 38.2 | 35.87 20 20 100% 20 20 100%
E—J | 70 28.01 | 28.75 | 35.03 | 35.03 20 20 100% 19 20 95%
E—J | 71 2271 | 26.86 | 30.15 | 30.37 20 20 100% 20 20 100%
E—J | 72 33.26 | 35.28 | 30.51 | 31.91 20 20 100% 20 20 100%
E—-J | 73 2493 | 27.77 | 30.27 | 29.21 20 20 100% 20 20 100%
J-E | 74 2524 | 2438 | 26.41 | 29.04 20 20 100% 20 20 100%
J-E | 75 35 32.12 | 34.93 | 40.42 20 20 100% 20 20 100%
J-E | 76 29.39 | 25.56 | 30.61 | 30.22 20 20 100% 20 20 100%
J-E | 77 32.25 | 26.67 | 33.68 | 28.35 20 20 100% 20 20 100%
E—J | 78 16.73 | 2034 | 28.2 | 25.49 20 20 100% 20 20 100%
E—J | 79 1794 | 18.74 | 27.18 | 24.9 20 20 100% 20 20 100%
E—J | 80 19.5 20.19 | 22.62 | 20.96 20 20 100% 20 20 100%
E—J | 81 18.05 | 17.99 | 23.38 | 22.66 20 20 100% 20 20 100%
E—J | 82 17.15 | 1839 | 27.41 | 26.71 20 20 100% 20 20 100%
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E—J | 83 18.17 | 19.35 | 29.33 | 25.12 20 20 100% 20 20 100%
E—J] | 84 20.2 19.24 | 28.1 | 25.51 20 20 100% 20 20 100%
E—J | 85 22.35 | 34.65 | 45.68 | 34.34 20 20 100% 20 20 100%
E—J] | 86 19.76 | 22.45 | 21.44 | 22.52 20 20 100% 20 20 100%
E—J | 88 16.15 | 17.79 | 20.97 | 25.02 20 20 100% 20 20 100%
E—J | 91 18.87 | 23.18 | 23.9 | 24.34 20 20 100% 20 20 100%
E—J | 93 13.85 | 1543 | 22.64 | 20.32 20 20 100% 20 20 100%
J-E | %4 25.65 | 23.89 | 26.15 | 27.61 20 20 100% 20 20 100%
E—J | 95 26.27 | 29.06 | 29.32 | 28.78 20 20 100% 20 20 100%
E—J | 96 21.86 | 26.02 | 28.6 | 26.17 20 20 100% 20 20 100%
E—J | 98 17.97 | 20.81 | 23.79 | 24.14 20 20 100% 20 20 100%
J-E | 99 2483 | 2532 | 269 | 26.99 20 20 100% 20 20 100%
E—J | 101 | 32.78 | 35.25 | 33.49 | 35.62 20 20 100% 20 20 100%
E—J | 102 | 28.42 30.3 | 29.27 | 34.36 20 20 100% 20 20 100%
E—J | 103 | 22.76 | 23.38 | 22.81 | 24.49 20 20 100% 20 20 100%
E—J | 104 | 23.56 | 23.62 | 29.32 | 24.12 20 20 100% 20 20 100%
E—J | 105 | 18.78 | 1891 | 23.1 22.8 20 20 100% 20 20 100%
E—J | 106 | 26.59 | 26.58 | 27.6 | 26.95 20 20 100% 20 20 100%
E—J | 107 | 27.38 28.3 | 24.75 | 25.77 20 20 100% 20 20 100%
J-E | 108 | 37.09 31.2 | 32.59 | 34.57 20 20 100% 20 20 100%
JoE | 121 | 23.44 | 24.11 | 27.94 | 24.54 20 20 100% 20 20 100%
J-E | 200 | 26.93 | 25.86 | 35.37 20 20 100%

J-E | 201 34.7 31.43 | 36.08 | 31.76 20 20 100% 20 20 100%
J-E | 202 | 22.18 | 22.03 | 223 21.2 20 20 100% 20 20 100%
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J-E | 203 | 26.22 | 22.89 | 33.18 | 29.63 19 20 95% 20 20 100%
J-E | 204 | 29.89 | 23.72 | 26.71 | 27.59 20 20 100% 20 20 100%
J-E | 206 | 22.18 | 17.96 | 20.44 | 21.32 20 20 100% 20 20 100%
E—J | 207 22 22.57 | 26.1 | 24.13 20 20 100% 20 20 100%
E—J | 208 | 2386 | 2679 | 25.6 | 27.24 20 20 100% 20 20 100%
E—J | 209 | 20.16 | 1829 | 19.44 | 18.55 20 20 100% 20 20 100%
E—J | 210 | 26.02 | 27.07 | 33.72 | 28.89 20 20 100% 20 20 100%
E—J | 211 20 17.21 | 21.34 | 23.1 20 20 100% 20 20 100%
E—J | 212 | 41.18 | 3521 | 44.7 | 424 20 20 100% 20 20 100%
E—J | 214 | 2991 | 35.02 | 34.21 | 28.35 20 20 100% 20 20 100%
J-E | 214 | 25.16 | 21.93 | 28.75 | 25.15 20 20 100% 20 20 100%
E—J | 216 | 26.22 | 32.74 | 33.07 | 37.14 19 20 95% 18 20 90%
E—J | 217 | 2233 | 21.35 | 35.58 | 31.69 20 20 100% 20 20 100%
J-E | 300 | 15.84 | 14.11 | 22.81 | 21.5 20 20 100% 20 20 100%
J-E | 301 14.01 | 15.71 | 19.57 | 19.83 20 20 100% 20 20 100%
E—J | 303 | 1643 | 14.23 | 15.16 | 17.07 20 20 100% 20 20 100%
E—J | 304 | 15.05 | 16.77 | 18.35 | 21.46 20 20 100% 20 20 100%
E—J | 305 | 10.05 | 10.86 | 15.77 | 17.63 20 20 100% 20 20 100%
E—J | 306 | 16.73 | 1838 | 17.8 | 18.56 20 20 100% 20 20 100%
J-E | 401 30.1 27.62 | 33.74 | 33.48 20 20 100% 20 20 100%
J-E | 402 | 2422 | 25.62 | 33.02 | 37.25 20 20 100% 20 20 100%
J-E | 403 | 27.31 | 28.12 | 30.62 | 323 20 20 100% 20 20 100%
J-E | 404 | 40.25 | 37.96 | 3891 | 44.12 20 20 100% 20 20 100%
J-E | 405 | 24.06 23 27.38 | 22.14 20 20 100% 20 20 100%
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J-E | 406 | 38.86 | 36.88 | 40.78 | 38.39 20 20 100% 20 20 100%
J-E | 407 | 12.79 | 12.55 | 16.06 | 17.41 20 20 100% 20 20 100%
J-E | 408 | 17.16 11.7 | 14.67 | 16.44 20 20 100% 20 20 100%
J-E | 409 | 34.06 | 29.76 | 32.71 | 30.09 20 20 100% 20 20 100%
J-E | 410 | 36.06 | 30.09 | 35.41 | 34.37 20 20 100% 20 20 100%
J-E | 412 | 24.11 | 22.61 | 33.63 | 35.61 20 20 100% 20 20 100%
J-E | 413 | 20.08 | 20.86 | 25.43 | 20.51 20 20 100% 20 20 100%
E—J | 414 | 30.26 | 31.61 | 33.84 | 32.91 20 20 100% 20 20 100%
E—J | 415 | 2049 | 23.38 | 22.65 | 26.18 20 20 100% 20 20 100%
E—J | 416 | 17.07 | 24.71 | 27.71 | 26.74 20 20 100% 20 20 100%
E—J | 418 | 59.75 | 65.31 | 62.57 | 61.35 20 20 100% 20 20 100%
E—J | 419 | 33.26 | 34.39 | 31.87 | 30.56 20 20 100% 20 20 100%
E—J | 420 | 25.89 | 29.11 | 25.79 | 27.82 20 20 100% 20 20 100%
E—J | 421 | 26.52 | 30.51 | 30.7 | 33.62 20 20 100% 20 20 100%
E—J | 422 | 1629 | 21.95 | 20.71 | 26.37 20 20 100% 20 20 100%
E—J | 423 | 29.84 | 29.05 | 28.47 | 28.45 20 20 100% 20 20 100%
E—J | 424 242 28.13 | 28.67 | 27.73 20 20 100% 20 20 100%
E—J | 425 | 2424 | 26.82 | 28.95 | 31.22 20 20 100% 20 20 100%
E—J | 426 | 41.54 | 37.09 | 34.16 | 39.79 20 20 100% 20 20 100%
E—J | 427 | 19.73 | 20.59 | 28.71 | 28.37 20 20 100% 20 20 100%
J-E | 428 | 17.56 | 14.65 | 19.32 | 18.89 20 20 100% 20 20 100%
J-E | 429 24.5 23.95 | 27.63 | 28.89 20 20 100% 20 20 100%
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3 fNIRS (6 10 fNIRS
task duration
0.00-10.01 congruent

2 0.00-10.01 congruent

3 0.00-10.01 incongruent

4 0.00-10.40 incongruenrt
task ch-17 ch-25 ch-34 ch-9 ch-18 ch-26

duration OxyHb OxyHb OxyHb OxyHb OxyHb OxyHb

0.00 -0.04084 -0.04664 -0.03201 -0.00921 -0.01772 -0.00747
0.13 -0.04675 -0.04999 -0.02942 -0.01442 -0.02 -0.00623
0.26 -0.04804 -0.05351 -0.02918 -0.01675 -0.015%4 -0.00912
0.39 -0.03777 -0.04922 -0.02382 -0.02427 -0.02474 -0.01692
0.52 -0.03979 -0.04759 -0.02234 -0.0053 -0.01753 -0.01023
9.49 -0.03024 -0.04442 -0.02011 -0.00566 -0.02355 -0.01007
9.62 -0.03044 -0.0438 -0.0225 -0.008 -0.014 -0.01254
9.75 -0.03977 -0.04322 -0.03175 -0.00532 -0.01937 -0.02012
9.88 -0.03965 -0.03989 -0.02299 -0.00829 -0.02376 -0.01961
10.01 -0.03331 -0.03855 -0.0226 0.000423 -0.01874 -0.00979
0.00 -0.03662 -0.04639 -0.02954 -0.02335 -0.02664 -0.02487
0.13 -0.02903 -0.04257 -0.02283 -0.01401 -0.02758 -0.0221
0.26 -0.03199 -0.04554 -0.02296 -0.01285 -0.02644 -0.02563
0.39 -0.03842 -0.04615 -0.02584 -0.01811 -0.02266 -0.02093
0.52 -0.0383 -0.04907 -0.02585 -0.02366 -0.02556 -0.01867
9.49 -0.04738 -0.05114 -0.0272 -0.01864 -0.03171 -0.00702
9.62 -0.04242 -0.05465 -0.02658 -0.02326 -0.0331 -0.01012
9.75 -0.04583 -0.05213 -0.02756 -0.01618 -0.03014 -0.01024
9.88 -0.0453 -0.04862 -0.02358 -0.034 -0.03974 -0.01256
10.01 -0.03682 -0.05027 -0.02021 -0.0166 -0.03654 -0.00837
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0.00
0.13
0.26
0.39
0.52

9.49
9.62
9.75
9.88
10.01

0.00
0.13
0.26
0.39
0.52

9.49
9.62
9.75
9.88
10.01
10.14
10.27
10.40

-0.03312 -0.04432

-0.03206
-0.03292
-0.03415
-0.03532

-0.00754
-0.02039
-0.01489
-0.02718
-0.01545

-0.01693 -0.02147

-0.01165
-0.01242
-0.01233
-0.01934

-0.00639
-0.01656
-0.02173
-0.0135
-0.01029
-0.01019
-0.01301
-0.01617

-0.03848
-0.0426
-0.03876
-0.04218

-0.02129
-0.03317
-0.03057
-0.02902
-0.02764

-0.01935
-0.02046
-0.02147
-0.02535

-0.01754
-0.02913
-0.02605
-0.02211
-0.02485
-0.0252
-0.02235
-0.02414

-0.02473
-0.01723
-0.01886

-0.019
-0.01935

-0.0103
-0.01388

-0.0179
-0.02211
-0.01261

-0.00212
-0.00562
-0.01434
-0.00974
-0.00715

-0.00223
-0.01096
-0.01046
-0.00589
-0.00489
-0.00953
-0.0061
-0.01087
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-0.02028
-0.01625
-0.00492
-0.01884
-0.01101

-0.00531
-0.01671
-0.00973
-0.01805
-0.01762

-0.00634
0.007107
-0.00099
-0.00733
-0.00831

0.006799
-0.00379
-0.00954
-0.01378
-0.00503
-0.00096
-0.00862
-0.01501

fNIRS

-0.03149 -0.00315

-0.03037
-0.02188
-0.01797
-0.02988

-0.01279
-0.0184
-0.01473
-0.018
-0.02262

-0.01942

-0.01563
-0.00939
-0.01779
-0.02042

-0.01479
-0.01053
-0.01304
-0.01454
-0.01364
-0.00536
-0.0172
-0.01257

-0.0005
0.002731
-0.00654
-0.01167

-0.01308
-0.01128
-0.01468
-0.02332
-0.02153

-0.01709
-0.01697
-0.00978

-0.017
-0.01816

0.008803
0.004184
0.001697
-0.00626
0.008948
0.000685
-0.00657
-0.00111
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