(LEZFR) FRELSEERE N

AUH - HERRANOS HARRAIN T AER . kB fNIRS [iESE
Ve Mgl XIAEE =S FE

$—i

WA 1 B AEHIBEILLANRBEAR, BFFE T A F SRR RORBEOoT H AR I FE i
FERLHGEAR O B E R PR AL o ) b BRI 7 B RO Mo, RN
SN SRAE R AT S A AR 2R REAEAE — A ZE R, AEE NN E R T HE RS A R
XFHAR IR R HIB B, - BB RS 7 B R 8] B TARAE — @R 7 B . AN
FRVE T — A EER SRR R, BTt Bl e AL, Bk
ke

B M RASCB R S BT BT AT R T A
[BIRz: AR o R L KA, OARYE & SR DO Z 0 AR W AT T 518
o BARUE:

S ROR B (U BEHL 7 B ) 7 BRI SE AR R (0 T I0K T RE S HE AR i (ks 7 B R
RBENLAG S R, (AR R AR LS ANTE 2 o ASHIE TER 10 s A A2 X i Th e
PELLLAN G 2 R HAR (INIRS), 5 85 A B0 0 0l L 7 BB, 7 BB 8l 15
RIEMOEME TR v R Ay A DA B s B 75 AR TR PR DR B2 A A I 41 B R
AL, GiREoR, KR PR BENLAUS IR I, Bl i R AR 55 s
G, 0 TR R R OV B SRR R R L, RS B UL O ) RE R RO ML
HWRAERWTIAEN, RGBS I BRI R E RN LA, A RS Bk
(22 5 R BUAE XS H Ay BE-PAOIN T (4 - 336 BL

=)
ARITA

N~
S

B 2: 915 EERERTAIURRTE S, HERP AR ABR AL, £
B — B MBS SR T 7 AN ET AW FESE SR BN IZ B S8 SR iR A 5 B IR
A, LS ASCHIWE ARG, H AT R RRAS B R R SR ek, T ZLAME A 7t L
H g o b ss, AL 51— L8 SCHR(ELR R IT) W 21 A0 wT DR S AR ot 1 200 Tk



RN [, 7528 H BAA SRR UM SR T, H ARX A LR AR th v fMRI B &i&?
Nt AAH TMRI?
BIRZ: P56, WS R R MR RN CRE MU T ) B 3, IHEA
T P9 22 A 2 T — DB T IR R R 20, A TR T AE SRAIT S (VL IE ST 1 R 9
1)
Hox, BRI Ao, RAE AT Sun) e th 7 AR L b, BT
WHF R FE, BRI

SEEHRAE T RO R, NG EAI. FRE S RO B, TR R
W TR R ROR B BN R, WA ETE UE R, IR v e Bk . 7RI )T
W5 RS (S B, AR Gao %5 \(2017). #:EK1(2014)%5 \xHE B 17328,
FRIEE R RERCRAE T, BT S HAR T BEEAE R0 2 AR AU, BRI o Jn o
W FEHERGRE T, PP RHE SIS UG R, BRA ATk, 5 HERE S
ZONAN T HIR, GAONFITE R X =R SR O REROR B, BRA 2R 1 JE s S HE R,
WA RN AKT R, A S m AR, O A I 4% 2 BT AT 78 B 4
MR . ARYEIN T ARG, AR IR BRI AR S 7 BRI, LT AN A g
Wkt hn. Durantin 2 A (2014; 2016). Herrmann £ A (2016)fIAN, AT NFEhs 50 T & 1
AR, KR 2 ARSI TR AFEIEA K. 456 Gao (2017)55 AFI Rabaglia
(2016)F AW AR, RIMBIFMRB 1, WBRERIEM. R0 i S 7= BER RO, )
U H R U ET 5 2 B2 TR

Mattys 4% A (2009)#2 !, BEE Ao H AR K TR EEMBAKT, FHATEKL
RSN L A5 BHEBOR AN T B, PR it s 2, RERAEmcRfF N
R SRR R A S E BRI P REER . 74h, Gao FEAN(017)I0N, FEERE R Rk
SEAF N OUBUORRR THE R B RIBEAE R, T BRI AR AT 2R BOE 18 X
R, SR TS 3, TR R AR I A ORI B2 s A S T BB R R T
KB A AL B2 22 57

B MRAES LRSI, S0 e INIRS B

WP LA GG T, RFET LU R LT H A5 S

OCHBFRCEIUESE, NIRS C2B 2 H THF SN TR BE AL 58 B 25 3l w] LA
ARG St F 7 AR B I T3 R R B KM B = B A 2 (Melintosh, Shahani, Boulton, & McCulloch,

2010; Ward, Aitchison, Tawse, Simmers, & Shahani, 2015; Wijeakumar, Shahani, Simpson, &



McCulloch, 2012; Wijeakumar, Shahani, McCulloch, & Simpson, 2012), =] DLy & AHF 5t 1 7
2

(2)5 TMRI AL, NIRS FER [IZERE ERRAF R B0R (AW RSN 1111 Ha),
FEFEREMIT I BE P, 3R A5 58 2 M A0 T B BURE B A FCER IS R 58 HE vt H
AR RSN T AR, DR O PR B 18] PR 2 i 3003 (R SRR, R A AR 0 1) Y
A EREE, NIXMAEE, INIRS 0] LUEHE L SEEUAHTE 7T B 1 -

(3) 1T AT HIF 72 1 DGV BUR R IR SE N TR 2, V0 I B BB T8 2 K P i 2L 2 R f 485
o fERFBATER T, 5 fMRI L, fNIRS &—MER. mik. AT TE. B4,
fNIRS AT HLA#, SKinfe e iU, (AR LT, SRR IR, Sk
AR AT ALL B AR AR L B AT 520, T RAAE— N EE E AR, BRI SN id R, AAE
RS (RE AR, A, 2R9ESE, 2011).

FT ERIRRH, AWTFEEE INIRS /90 TR, W] DL BAR L SCEAT 78 H A .

FHIRZH RN T
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XEMR, L, 2IEIE. (2011). BN DHAE AR M7 i ——DhREMEIL ZLAM G HOR (ENIRS). O F] 5, 34(4),
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B 3. J7ik 4 KONGRSR, HanZH T 2 block?( LA S Y)Y, RIS &
trial? (ELAH A trail), R, =FA0RSR R RN N FBEN LR &8 2t B bEL? 55

faray
=Fo



IR : e AR L X A OH ], IR A, RRATMERZ, RATCEHAT T2
L Eg < HIC AR “block”, I AU “trial”. A IE T HE 5
(Rl e o o R AR IR, AN 0K block #Eit, BT INIRS R 7% ) B (5 e bL 5 4
TFID BB AR 2, DR A TR R A A R BB L R B 1E SO SR R T R 1B B
LU

IEUSRIR LA 3K, AN FUKF AL E S AR, AT 8 Mk, &
PN T I 20 FPEIERS . — MRS BRI 3, e G B3 ME
PR, SRR B 7 B B A ARV E AL A, 500 ms f5 EILAEL, SBUET[E] Y 2000 ms,

WARAE LRI REAT L B S Lo AN[F) AR BE 2% A 2 IR A HBE AT BE L 2 B

B 4: g8 5010 BRI TIRLLAMARIK 2 5, (H DA RS T P A
A HAT A N Ok 1 BB 22 R, 120002 i T B 75 B2 S0 IR A5« BT R
ME BT R M BB AT o G LD e S MRS, BT XA GIR I ERIT R L.
EIRz: JEH R H TR @ JRATREEREVCT, X H R B a6
0 AR FR AR (HDO) Z IR FRIEAT 1 AHSS M BARRIERE 5 G5 R AR 5 T T

R IE R 3 hREIE S H M EES 0 XER, KA TR EZR 5
ANIEIE(ch15. 17, 20, 22. 25)LA A TS BB 3 ANidEiE (chll, 27, 31)4rAlfE A
Pl XN B HIGE T RE, WAFERRSER T 8 ANE 2 EOE B EIE L AN
HBIX K beta [ERECFY . Ffa, ¥ PHIJEH beta 5 SHEMEAF TS w8 2R 1) H AR iR
SEBR AT AT o B R S W45 Bt T 3% 4 Fis:

& 4 W BRRAIERES INIRS B4EAHE X (n = 20)

. B IRAMAE R R EL v
JHiE e -
BRI TR HE FEEER
15 V1(BA17) 0.114 -0.023 -0.261
R I 2
17 V1(BA17) -0.074 0.101 0.090
20 V1(BA17) -0.028 -0.068 0.007
22 V1(BAL7) 0.082 0.473* -0.085
25 V1(BA17) 0.035 0.122 -0.062
AT 1 V2(BAL18) 0.001 0.245 -0.011
K2 27 V2(BA18) 0.011 0.021 0.222
31 V2(BA18) -0.081 0.124 -0.478*

VE: *FoR p<0.05.



[FJIFFE S5 R Bl e M0 1 AR OGAE R EHIE, BRI

M 4 WTLLEH, GERMEFML T, TRREYIS R ZERMEE KR, HARA
BIRERIZRS INIRS S5 SR 2 RIMISE RECY R R R AR E T, AL FSRIZ
JEIX S EIE 22 FR) EARRIER RS fNIRS 255 2 MIMAHC RERE, r= 0473, Hith
HWIE AR RBON L E . FRERRORE T, WS ZREIE 31 B H AR R % 5
fNIRS 452 [ AR REUR . r=-0.478, HAMEE MR REA L.

FEVHIR A BN 7 XA SR Hr S R AT e, BRI T

5 B J2 LA AR A1 0 5 AR DR TE A 28 22 8] B AH S 7 gk — AP IR SE T - BRI 4
S R ORI . CAWTURY], BRI R AL BRI
FES R AE BRI, EENTSAREPIAFIDIREA K, B, s S Eu#-aim T
B 23 S WG] R Xe(Kok & de Lange, 2014), ML {5 B I8 UMD T3 2 b 540 e Tk
& B JZ4 % (Bonner et al., 2009). AW, 7 REE A FERRIE T, SRR R 5
S XIS KT S5 AT A AT A R A SC R . MRS RN R R, T
BEA T HERL A T I RORCR B 2 3 SV G B R (KO 0% BRI
R B J2 B0 73 DX 0 7T S AT 9 AW 45 R RO R SC R2 « TAL B BT 4% B J2 1 — 3 A SR AN
e, U RHE R T R RCSCR 32 1 SO G R ZE SR k. B, Xk
A5 YL WIE SR (7 B RICRN < BRI HE 1 R FH 100 G B 2 P 2 AN R

BHRA 2 B %0 TR INIRS BORGT T #1222 w0 H AR R AR AL o
ZERRIL, BEAER TR R SO T BHE R =R AT BARIRB I IR R AR B, A1
it DX 1R I AR R AR = P 2 P 2 TR A AR SE T 22 57

B A AU TR 1R B IR, (RTS8 Bt 5 R0 NI Be T SEA AR L, b,
AT AR L e Al A5 DAl LA, R 1 7 BEE RO 7 B8 HE i 1 L, B
RIS A BN EE i, A, ABFTCRARIN BT, A T RE a5 3 4F (1l X —
IR ? 40 R A BN B BUA) IR, DA AN R] J0 E AL i [X Wi 2
BIR: B FHMHLT R E N PR REA G 5 HEm, A S 5 M T
TS ST, D A RATREAT LT ST H

ABETEH, BATE GG XK, EEEETUUTEE: AW TR R MR Y



=

FESZUEAL BN T (H AR ) B RN T 22 5, ©A W 78R WAL 5 A0 5300 52 2
T HYIH < 1 (Breitmeyer, 2008), fH L&A [FfE 2 AUHERAE LB BUZ W AT 20 A4 H bs
WO e RS B2 IR BOn Tt A2 A2 A R R AL A N T 8, RLEEnR A 4t
—4ER, ROEAWTFIRIERIWETTH .

T H AR T S L AR o DX [ A e e, FRATT AR R I XA, IRATTHS
FE B8 J5 B3 — 5 W 0 A SN A DRI, R AR B AN RIS JE A [ 2 B R
SEAETN, LS TRORER . RIAR A X I [ e B e T

SCHHE A F IR

LRt O AT NEE RS IR I AT LA, Re RS 5 Bl 2 R A AE
A7 TP AR BINESE, (HRIEANTE XM A AT N 22 7 5 ORI B2 JE 0 2 TR RO R 9K 2R
Ji— i, RTRE R AR SERUE B I RN B R WO R S A AN TR %
Fto BT, AHT TR DD RETEIE LA G N RRAR B (FNIRS) R 5 5 78 AN 7] S8 R ke 0 ik
FAF T RORHEAT B AR RSB AT 9 SO A5 R B R ORI 0 & o SRR AT 1 HEROR B0 28
B, ONRERTERG TR A FERON T B, R RO TR R ROR B B LR K A
B ARG RS, LSOV RE R M. 7 B A RS 7 BEHE RO N 5 B 1Rk
R4 Gao 55 A(2017). & WI(2014)55 AXHE BRI 7328, PRI T Bl F T, T
Fr 5 B AR BEAAAE RN ST R T AR UAE DR R e HE il 7 BEERCRAE Y, TR
EIEMRE UER, BA B TRRE, 5 HESES S POAFIIN TR, AR IA RS
o IX =M HERORIB, e 2RI JC1E SCROHE R, A A KPR, IS S
AN R, 500 4 T ELFE 2 AT T 70 B ORI o R Y . e X AT, AR
T AN [ R TR 48 i TR Bl ) £ S 9000 T B AR AL B JE I L 7 A 2 . AEALSEIE R
WEFE 50 TR B R R bR T R R B A D AT 2R B 2 AR i B A R SR
(Breitmeyer, 2008), A A 9T B U OGTERL I B2 J2 U I0E AR 2

AR, NIRS O 2 F T3 AL I TR AL 5E f2 23l , a7 DLk
R i 45 2R 3 5 R K o 49 i 182 32 AT 35 2 1 1 W (MicIntosh, - Shahani, Boulton, & McCulloch,
2010; Ward, Aitchison, Tawse, Simmers, & Shahani, 2015; Wijeakumar, Shahani, Simpson, &
McCulloch, 2012; Wijeakumar, Shahani, McCulloch, & Simpson, 2012; Rowland, Hartley, &
Wiggins, 2018); 74h5 fMRIAHLL, NIRSIE/T L %, SLIREZR L), Rt
BOTAE, XA E R AR, S il vl DAL B AR AR S B3R AT SE0R, ATRIE— AN
R RS T IdoRm, BAERIAESKREZCIER, fix, 29638, 2011).



B 2: TWAT NG RIERE INIRS 4558, SR 1 FREAI 7 R R il A R i 22 57, (2
A LB BB AT NS RR? AT AR th 20 T s i) 22 5, Wi S
AT RIMEERIEA—5?
[BIR: AR5 B s fa T R A RABEE, Xt HARIR A IER 35 1 40 M2 i 1R 48
FR(HDO)Z IR HEAT T MR AT o X -F 100 1 Y 2 B AT T 4TI 2L

FEIMAB IR

HARIEIE SR 3 &I H K R A By XA R, AL T IR E I 5
AMEIE(Ch15. 17, 20, 22, 25)PA S AR & f 2 1) 3 ANiliE (ch1l, 27, 31) 7 5lfEN
BN BT AR, RORFEFERCE IR 8 AN I 1l 4% AN M
XH beta ESRECFE. BJ5, KPR beta (55 5304 E N AR MSEIL R 1 H RN
BER A BEATAOGHT o FRIAHSE AT 45 S N 3R 4 iR

& 4 W BARRALERES INIRS B4EAIHE X (n = 20)

. BRI REL v
WIE A G2 A3 X — - -
1 F AL FRERE R R FREHEI
15 V1(BA17) -0.114 -0.023 -0.261
Wbt 2
17 V1(BA17) -0.074 0.101 0.090
20 V1(BA17) -0.028 -0.068 0.007
22 V1(BA17) 0.082 0.473* -0.085
25 V1(BA17) 0.035 0.122 -0.062
MBI A 11 V2(BA18) 0.001 0.245 -0.011
KE 27 V2(BA18) 0.011 0.021 0.222
31 V2(BA18) -0.081 0.124 -0.478*

¥ *EF7R p<0.05.

(Rl PESSE SRR 2 B0 T ARG RN iIE, RARI R

ME 4 FTULEH, BREHEET, TREWEYIHR L ZERMWIEIR S KR, HARA
HHEMIAR Y INIRS ZR2Z (B MR REOIANEE, TR HEMCR T T, AL TSI
JE X )i 22 B PR AHER 5 EINIRS £5 5 A G R AR %, r=0.473, H Al
ERMRABAEE,; FEHEREE T, WG RIEE 31 L EARRB MR RS
fNIRS 45 R Z I MAH G RECE 3, r=-0.478, HABEIE MAHC REARE

FEVF IR IR G0 T XSG 8 R 1T 18, AR

RUE B J2 (0 1 A A AR L5 AR R ) T 1 5 2 8] BRAR 5 o A idt — D AIE S8 1 7 BRI
S TR BT A E R . CABIURY, BIRIIGE I R AL GE I B J= AR



FES R AE BRI, EEATSAEPIAFIDIREA K, B, s S s & -am L
B2 5 I E A < (Kok & de Lange, 2014), FL3E45 B AE SN T3 2 Hh 5 30 L5k
#5245 (Bonner et al., 2009). AHFTURIL, FE TR HERRAT T, MWL 2 3
a3 X0 K S AT AW a5 R A DG .35 . AR e B & J B I — F AR AN 2, Ui
BERE Y SR AT (K03 RORCR B8 22 0 5 W SE ) G0 B SR (RO A 0% T BSR4 T, A
WA B 2 4 DX SR T K S5 AT A T 5 SRR OC B35 L TR SE W 2 ) AR
B, UL RHERORAE T IR SOR T 2 S S R B . IRk, X —
S5 I SR () B R BB R T PR 1 SR 2 R AR [ £

3: W, VU =B —AIER SR AT T I R A A AL, H AT SCISE
TR FF AT BN TR BERE 6 J, 3T £ A RIS B R A T [ 25 ] 2 S o Lo

BIRz: ERGIFFEEFERASREN, RS R AT AR LR A, AREFXE TN
RS RRASEARG Y. CRIEE VO AE SRR AR ER, FEXTH8 7 Py A HH
BAT TR (ENLSIE)

TR FRINE TR

T BIRGE, LB T P BAR AR IR I A ™ AR T R I (R 22 Bl R
B, XUEHTIUAERR Y, SRS A E bR AT LR S R R R R AR A S A G
(Breitmeyer, 2008; Cai et al., 2017; Tsubomi et al., 2009), i, MR AL 5204 2%
RLBE 22 B BGE I . .- Fahrenfort 55 A (2007) B8 7t ABEALAT 5207 190 ) R 28 7% 0 HE IR %
RS SRR BN H AR R AOFEm, G5 R BL, B X8 G 5 A R R A A A
Koy BRITIX X ML B2 2 R0 A7 76 R 715 18 FH (Fahrenfort, Scholte, & Lamme, 2007). Tse % A
(2005) BT AL, 24 H A 52 BREIRORI 52w T AR ME U0 I, BRI X ) BOLD 15 5 )k
Dy TSRO B RONAR AN BARMRAE S U, BErHRIX ) BOLD {552 i & 1Y
I, 3 IR ORI B 4 255 et i DX R0 R B2 J X EE (Tse, Martinez-Conde, Schlegel,
& Macknik, 2005),

HR AT R S 2 A—8. Durantin 55 A (2014) &3, Bl & FEMORIBET ™ 4 18
WA FISE N, BARXIIAT R GRCT e, ALSE R B BE KT . 1X 5 Tse 4 A(2005)
M TS RA—B. X TXFILS, Durantin 5 A (2016) AN L6 far £ BEEAT T 43 AN
fRE . MATTIA Y, BEE RSN ISE N, W) H AR A RN SRR N, RIAE KN =
POE L R B SR RS KT B SR . R U, FERCROSOEOR, R e K

e
S



1B i (Durantin et al., 2016). K5 RIBT TR I LM G 2R BOR, 2 —BERHX A
— SR, AR ORI, AT Es FCE AR IE B ) MR B 2 i 8 A Ak (ot AR
(IR AR ) 3 5 ORISR N AR 5, Horh AR IR0 IR 25 55 0 T 0 i 2 0k
Xy MEAAE ML & A AL 5 & s £ 1EAH5S( Herrmann, Neueder, Troeller, & Schulz,
2016). AW FEEE A —BUR R B AR TR S HARRIBN 2R S8, X ef Tt
AT AT R, AERERORIBOLE BT IR, BOA RGP X 7 AR AR R A AR5 SR, O
IR 2 A RS B EACP MR, L anBR L3R (Tse et al., 2005). B AL 7%
(Fahrenfort et al., 2007)%, RARDMIWAW K &G S EKFHHERAT K (Durantin et al.,
2016). 4k, RUERASEREM, MBE R X o AR E R ROR S B A = R, AT
TEER BB ZESR

il
h=|
N
=
haf[
W
=]
\5

TR —BURJE ), Bam R RS AT R A ?
BIR: [ AT KW SO ARA A ARG, O T isf LR EE
o

PAFE X B 3 222 T & A AN 4 U5 2K (Abrams et al., 2011; Liu et al.,
2017). Hrr, BOEE AP PAT IR RE ST, KNSR issh sk, B mRLs )i
X Z 5 5iZAE 5 MR () o S KT 32 B2 18 R S LE 0 X AE A A 5525 F ol
SEAR PSE AR T 7 55 (R 52 XIS B R ) o
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BILS: Ml triloy, Rk B ksl SE Oyl im 4 25 Br K B AR

B : R H ARSI A7t el 23 A, o 3 NBEdE IOy Bk . 2Bk
A FEANG BRARAE LR« AW TEIE T — R MR (GLM) ) NIRS_SPM X AN X e B 4 1 F
KA INIRS F S 4G S BEAT FAR B o 3K 70 A R DA o] YA 7R o o] — L MR DR 3% (B
RS . S LBEAE) X EINIRS Hodls (52, [RIIN AT LU R a6 Bt 2t AT DB AL B Oy
TR



T fNIRS 4 T kb 22 5 35 Wi N S 0 il BoHE K I Hemodynamic  Response
Function(# % HRF) % BRAUFR AL (e, A a7 AL A BE AL 5 DL 0 36 /IR 4 5 RS Y
AR . PRI Wavelet-MDL BRARIURG WA, Lbr4 R &S

FF b, AR T AR (GLM) ) NIRS_SPM 3 /N X i 38 A A et
fNIRS [RGBt AT TRALEE, AR AR A/ANE I s RIS KEMAETE, DL
B E AN AL PR O3 (Lo k)6 NIRS Bt O5Ma . R 78 i R AR R b, JE51IBR 3 Ml
SUSUE L35 €108

FRZ 25 RN -
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BI6: MRy, Nk g A BRME
BIR: B FHFRLTRKNEL. BRI a2 B KRR, O HE T THx5e
e

AT G 73 ) 08 U B s v 20 R A SR S B R P B R . AR UG, A AR I
W3 /1% i % (Hemodynamic response function, fiifRA HRF)EATIGEIER, AT LAEERAXES
7R R BE AL 5 DA R B0 W S 5 | D A B 75 T wavelet_ MIDIL D s 36 308 i T 0 )
AL BRRIR G e, KRR RER B

ZRISCPEAR T A R TE R, DO T TN . BRSSPI AR



B EONE SR, ToiER Sl W E ORI 7 AT R BR, ABFFUCKH] wavelet MDL J
AT IR I [ 38R F HRF BEAT I 88 (Jang et al., 2009). J& i AF4H [ 152 NIRS_SPM %k
PHELAE FH T A B AR S SCiR(Ye, Tak, Jang, Jung, & Jang, 2009) 745 & AN 7E I se e 301t
LR /N B /M IR K B (Wavelet._MDL) (Jang et al., 2009) 2% i34 S0t Sk sh O sk 47 25
Bro BARSRUL, /MBS SR T 1AM & I 1] 51 20808 23 il AN 8] RUBE TR 1) 4 R
MR I A5 T AR B [N, O 1 B L) 4 a3 46 v B0 70 405 Bl & A
2, SRR NMEA K (MDL) R . Wavelet MDL Bk &%, AT AE R {E L,
bt T AR G 198 Y% 7 V200 vl AT B bR B E SR AL R . BRI %2 47 (Jang et al., 2009) .

T L R0 R L 2K I, SRATTEI 1 TR NIRS_SPM AL i) Tak 28 AT
Wavelet MDL J5 i HAHIRSCHR . B T IR BN /)05 5 RIBREARAG, A& 5004e)RE%
TRIE, VRRHMESE RN ik TR A X 40 3, Wavelet MDL 5700 R DA o S i 25 45
AR AT teAh, BTN AT AR I TR0 1, Re A i) B JR AL S
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HRF(IILR 3] 75270 3 R B AR IE R 5 . ASSCHEI ) HRE JEPES 21T L0 Gt Hs i 1 ik
JEBEE, By HRF %56 R B 3 T2 o5 5 @R A (Ye, Tak, Jang, Jung, & Jang,
2009). A B HACER A R BE AL 7 DL R 22 (IR S TR PR AR BRI A X — i R A R AE
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B 2: BREEAE RS B BAE RSO RIL, R R EA IR fNIRS I [A] 73 7%
FRIFA fMRI 7o AR, IESCHEREIR FNIRS SL56 16 PR AANS FH 5 (@ P A, RPACHI TR i
FE A =
BIR: AT KR ATCHRYE L 5B 51 F M MR N ERET Ttk A
NI

AR, NIRS O 2 F T 3R PLE I T AL A58 f2 2353, Al DLt
TERR A 2Rt o R B2 2 1 I 404 QG 3 0 i 2k A 745 47 1 3 I (M Intosh Shahani, Boulton,
& McCulloch, 2010; Ward, Aitchison, Tawse, Simmers, & Shahani, 2015; Wijeakumar, Shahani,
Simpson, & McCulloch, 2012; Wijeakumar, Shahani, McCulloch, & Simpson, 2012; Rowland,
Hartley, & Wiggins, 2018). 345 H AWK MR ikl L, 7E INIRS St rh, HakmT LLLL A SR
R B AT 9206, RIVAT AAE — 4> BE B SRR BIR 1) R 26 A1 T S5 R R J2= 1) L S A i 3
FEAFAER ] fNIRS JHE MW FL B A S AR SR G SR, e, 253E3E, 2011).

B 3: ASCHIRE AR SRR L R AE LIRS b, A BRI, 15 A FE R
Hl (FE vs. BEE) MIAMERETT.
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#873SR FH BRI P A A 58 S 500 (0 P ML o SR et AR B 5 s R SRR Rk 2 et AR SR AR i
NS TAR TN (A%, 5KILR, FIB5%E, 2016).

FIEZE, skBUW, S08, AL, XUF, RAE, et al. (2016). F: T fNIRS (RE AT 518 )48 G o i U L.

DFE2EAR, 48(5), 495-508.
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AR ISR By 3 — I3, AT W FERS AN [F) R BUE Bl R AR, T
FLA A 13 2RI 5 2 oS HLE EYE o Fe Tk, ASHIE 048 Zh RE T 20 A0 ' % 1 AR 152
AR (FNIRS) K G AE A R R LA RO 1F S A HEAT B AR AT SR 5 K IR0 B 2
BOEHIR R, BIENGEIE R AT AR ST E SRR, 3875 SR RS 5L R
R B O PRI AP AL DA A () 46 i 288 2 ) DR M A o e JE 0t 2 75 R A
Rtk SRIGERAE TREMORIRAIERY, OB R R HERON B, P&
RO TR AR BNV R AR, WEEATE UE S, B Oy REE M. 7 B
Pt 5 7 BRSNS B, R Gao S A (2017) 4575 RNl (2014)25 MK L HERE I 4
K, FHRHEREBEEAT T, BT S H AR RAEAE R0 2 T AR A, PR R D R0
il FRHERORAT T, R RSB RIE UE S, BA a3 TR, 5Hm5S
ORI TR, RO R A . X = AR SRR A AR, BEE AR 0 TG TR SR AR
/RN S S b N R WK 2 e =11 R NS 0 S W7ok o 11 NG AL G 1 (012 e el PN
SRR . IR AT, DUIER IS AN [F) 28 B R 0 7E I TR B AR AE AL
BRIy B2 o FERLSE ST T, BTN TR Bt Rk B 2 oK 3 S A
WA 7 J2 FIASE B & 2 J2 (Breitmeyer, 2008), DRI AHIF 90 H £ SCTE A I 17 )2 10 S5 A
Favs

CAWIFERY], NIRS T 2 TGRS0 In kB R ok je 2353l AT RO s
FERR D48 2R A b ORI R J2 7 afn 4804 QG 30 i R 126470407 1) M U (McIntoshShahani, Boulton,
& McCulloch, 2010; Ward, Aitchison, Tawse, Simmers, & Shahani, 2015; Wijeakumar, Shahani,
Simpson, & McCulloch, 2012; Wijeakumar, Shahani, McCulloch, & Simpson, 2012; Rowland,
Hartley, & Wiggins, 2018). 73 4h 5 Al Scfg iz AH LG, 75 INIRS sEieH, #iln] LALL E 4R
FR 23 AT 5206, BIVAT AFE — AN BE SRR B 1) R 26 A1 T e 33 R0 R J2 )i S A 80
AR INIRS J7 iR FU A s AR S RZ AR, Fx, ZF3ESE, 2011).

BI 2: BRATNERGER INIRS 8521, YR B 1 5 BEA 7 BERE Al ok PRI 2257, (Ho2
N ABA R HAT A SRR N AT IR0 th 20 TINS5, YOS
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EIRz: JEF R A TR W RPN X E AR IR 51T 2050 7 I B R 45
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MmN AT
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BRI O R v
WL 2 BiE
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¥ *F7R p<0.05.
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& B JEA 5% (Bonner et al., 2009). AR, AT RHAE IR T, M= R H
73 XIS K 5 AT AT A R A G B35 . AL B & Z 0 —FH R AR E, Y
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“FiBsi (Durantin et al., 2016). [FHf, Herrmann(2016) MR FUR L L4065 il UR BEAIR
W EIRA—ER R, AATRIOBT SR I, A7 D9 EE R (H AR R IR =) AR B2 )2 1 A A2 1
(L S0 I P2 R R 0 3100 ) 355 0 4 AR A R Jon L A mr A7 AEAE 6, b HAR VU IE A 2 50 I

ffur R AAAHSE; T4 AL 2R A AR 0 500 0 77 & 1EAH2C( Herrmann, Neueder, Troeller, &



Schulz, 2016). _FiRHFFEEE RAIA — B JE RLE TR0 S HARRIB 257 S8, oe
AHTFCREAT X EE AT R I, FESERCRIBOE £ 77 1T, A AR 4 1 X A8 A e R FE A 15 B
ik, CAPTTRZ ARG R AT AR, kISR (Tse et al., 2005). BEHL
J 2k 7% (Fahrenfort et al., 2007)%%, KAWL K& m1{E B EKFHERAT R (Durantin et
al., 2016). 534k, BIfERM5SHEM, WBCA R X 7 A ER AR IORIEUE B & 2= R,
M R 2 7

B 4: USROS B, BaHE B ACTH 2 et 42
IR : R H L RAEW . CPRRRT LA LEAFE, S rina b RRE B
o
PATEIX B IR 1 22 7 A AN T 4R 7 7 X (Abrams et al., 2011; Liu et al.,
2017). Herb, ORGSR POAESAT B RES N, RN A DI REIE s, B TR L ik
X2 53 5IZAE5 MR AR E) o B0 K 32 B4R R L8 XCAEAN R 55 258 Heaf
SEHR JEE PR 0 S 58 2 (PR 2 DXk ) D) o
RS2 SCHRAN T -
Abrams, D. A., Bhatara, A., Ryali, S., Balaban, E., Levitin, D. J., & Menon, V. (2011). Decoding Temporal
Structure in Music and Speech Relies on Shared Brain Resources but Elicits Different Fine-Scale Spatial
Patterns. Cerebral Cortex, 21(7), 1507-1518. doi:10.1093/cercor/bhq198
Liu, Y., Piazza, E. A., Simony, E., Shewokis, P. A., Onaral, B., Hasson, U., & Ayaz, H. (2017). Measuring
speaker-listener neural coupling with functional near infrared spectroscopy. Scientific Reports, 7.

doi:10.1038/srep43293

B 5: BNy, R R Sk B S Py 28 1 4 25 Bk 0 B0 S R et
EIRZ: R A AR W AT TR 74k 23 N, Horb 3 N8 B D i 5 B . 5 B
ARG ERARHELT S . AW T T — ARZL R (GLM) Y NIRS_SPM IX M AHXS A R AF
Xt EINIRS FJF AR HEAT TALEE o XA o3 B mT LA P [ A A 2R S | — e AR R 3R (b
WMYEFS . SEEEOEREE) R INIRS a2, [F i a] DO E A Hes 2R 47 38 I LA 2 Bty
AT

Xt fNIRS #8104k B 5 vE 4o R - 1 S o Btk BodE SR A Hemodynamic  Response
Function(fi#% HRF)Z BRI E G M8, WS 7™ AR (R BE AL 75 DL O 38 IR 25 5] 2 )



AFE R A Wavelet-MDL FRIRSUHRZ MR, LB RERES.

T, AR T — LR (GLM) ) NIRS_SPM X ANHH X Rl A 31 SR st
fNIRS SR 4 Bdl 3EAT FUAL B, BUAGE R AN b IRIEIE . KIERRAETTiE, BLHE

BRah/E AN A B Dy e (an-Co )% NIRS Budfs OS2I o 7258 i LR #AF Rl R b, JE51kR 3 My

2t 2 A -

FRZ 25 RN -

Ye, J,, Tak, S., Jang, K., Jung, J., & Jang, J. (2009). NIRS-SPM: Statistical parametric mapping for near-infrared
spectroscopy. Neuroimage, 44, 428-447. doi:10.1016/j.neuroimage.2008.08.036

Jang, K. E., Tak, S., Jung, J., Jang, J., Jeong, Y., & Ye, J. C. (2009). Wavelet minimum description length
detrending for near-infrared spectroscopy. Journal of Biomedical Optics, 14(3), 034004.

Tak, S., Jang, J., Lee, K., & Ye, J. C. (2010). Quantification of cmro2without hypercapnia using simultaneous
near-infrared spectroscopy and fmri measurements. Physics in medicine and biology, 55(11).
doi:10.1088/0031-9155/55/11/017

Tak, S., Yoon, S. J,, Jang, J., Yoo, K., Jeong, Y., & Ye, J. C. (2011). Quantitative analysis of hemodynamic and
metabolic changes in subcortical vascular dementia using simultaneous near-infrared spectroscopy and
fmri measurements. Neuroimage, 55(1), 176-184.

Beurskens et al., (2014). Age-related changes in prefrontal activity during walking in dual-task situations: a fNIRS
study. International Journal of Psychophysiology, 92(3), 122-128.

Ding, X. P, Fu, G, & Lee, K. (2014). Neural correlates of own- and other face recognition in children: a functional
near-infrared spectroscopy study. Neuroimage, 85(2), 335-344.

Zhu, H., Li, J., Fan, Y., Li, X., Huang, D., & He, S. (2015). Atypical prefrontal cortical responses to joint/non-joint
attention in children with autism spectrum disorder (asd): a functional near-infrared spectroscopy study.

Biomedical Optics Express, 6(3), 690.

i
=)

6: BAEIHTER Sy, AR ER K iR AR
s R T RIE L. SCPEIR I B R, IO T TR e

§

.

[

G

% H

AT T 73 ) 38 3 UL 0 90 2 A v B R R SE MR A DB R . AR, 8 A AR AE I
W) 715 ¥ $(Hemodynamic response function, ##58 HRF)ZBEATAGEIER, W LALFRIER
72 A TR BEATLRR 75 DL Ko 38 [P 45 5 RERF) A B 7 . T wavelet_MIDL ) vad i v a1 i )
L EBRARIR G e, KR RiERES.

ZHTSCREAR S T B RIRIE R, IO AT THh . IR RIS B P 8 ) A
B BONE %, Tk by B v B BRI 77 AT £ BR, AWTFUR wavelet MDL 7
IRBEAT I A RN SR ] HRF AT (IRIE IE % (Jang et al., 2009). 8L 11401152 NIRS_SPM #k



B FH T LA AR 5 SCTR(Ye, Tak, Jang, Jung, & Jang, 2009) 345 & AR (15256 50T,
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The Role of Masking Stimulation in Target Recognition Processing: Evidence from fNIRS

Abstract

When our visual system processes target signals, it usually receives large amounts of irrelevant information
from the target, leading to a reduction in the visibility of the target. A wealth of research has shown that visual
search for target letters against a masking background is largely determined by the masker type. Informational
maskers, such as either randomly positioned and oriented letters or randomly distributed letter fragments, induce
stronger masking effects on recognition of target letters than the energetic maskers do, such as the random-phase
masker (same spectral amplitude composition as the letter masker but with the phase spectrum randomized) or the
random-pixel masker (the locations of the letter maskers’ pixel amplitudes being randomized). However, the
mechanisms under informational masking and those under energetic masking are still unknown.

The current study examined both cortical activities and behavioral performances in the visual search task,
which is determined by whether one of four letters presented at four symmetrically-located positions differs from
the others under three masking conditions (random pixels, letter fragments, and random letters). Both the
oxygenated hemoglobin concentration (HbO) responses in the primary visual cortex (V1) and secondary visual
cortex (V2) with a functional near infrared spectroscopy (fNIRS) were recorded. Twenty (4 males, 16
females) healthy adults (mean age: 22.541.67 years) participated in the experiment. Each masking condition
contained 5 blocks, and each block contained 8 trails. There was a resting phase of 20 seconds between the two
blocks. Spatial registration methods were applied to localize the cortical regions underneath each channel and to
define two regions of interest (ROIs), which are the primary visual cortex (V1) and secondary visual cortex (V2).

The behavioral results showed that the performance of recognizing target letters improved when the masker
type shifted from random letters to letter fragments and to random pixels, suggesting that the letter masker
interfered the most with performance than the letter fragment and random-pixel maskers. The random-pixel
masker caused the least masking effect. The fNIRS results showed that both letter masker and letter-fragment
masker produced an increase in cortical oxygen level. Many regions of interest (ROIs), particularly the visual
cortex (including V1 and V2), were more activated under the letter or the letter-fragment masking condition
compared to the random-pixel masking condition. Moreover, the differences in cortical activation between the
masking conditions further suggested that the VV1 and V2 are the critical brain regions involved in visual letter

search and informational masking of letter recognition.



To summarize, this study used fNIRS to explore the cortex activation patterns of different types of masking
on target recognition. The results showed that information masking had much more interference on visual search
and caused greaterprocessing loads in primary and secondary visual cortex, compared with energy masking under
the same conditions. Furthermore, the differences between letter fragments masking and letters masking are
reflected in the activation mode of V1 and V2 regions.

Key words visual masking, visual research, functional near infrared spectroscopy (fNIRS), parietal-occipital
cortices



