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A1l A JAAZA 715H =3
1.1 AAFA 7&

AAY 54 = stdes 54 AAE s3] A
E ATAE 7 Utk Btk 7 He AH
, o owegne BAE 485 24l B0
S oAEe ¥ 4 oAb AU bn, oldw BAe AXEA
(cognitive control)2ta2 3t} (Botvinick, Braver, Barch, Carter, &
Cohen, 2001). 1AEA 752 7H1e FYAAS HA3 Add AR
of dAAH} FAC, S Fdete B2 8% A= g FoAd
s FHas & ¢ e T8-S A AHgtH(Hasher, Zacks, & May,
1999).

ANAGA 7152 shvte] ddst FAA G AAAVE A
(Duncan, Johnson, Swales, 1997), Fridman® Miyake(2000)& A} 3k
(shifting), < d©l°]"® (updating), <Al 2 (inhibition)¥ #L 394
JANAEA 7s& ?“*5“‘/}1 T3k Ur AR, AFLHSE o o]

o
ot
%
©
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olr L
rlo
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N
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g
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A e A, H o4 Zxsh Bl gl AuE A3 ool A7
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sl2 o]lojA i FFoltH(Hasher, Stoltzfus, Zacks, & Rypma, 1991).
npA o 2 AR TH S A A AL AE AAAH, AFAoli F
BAow dojues wgs Ay okd wat A= 8-S 7l
t}(Hasher, Zacks, & May, 1999).

—

1.2 23719 AAFA5E
w3 A Awnke]l HAA 7w #AEHE 2t (Schaie,
1996). W& AgE5°] 1 ToAAE AAEA 7Y FAHA FHAso
(Hasher, Stoltzfus, Zacks, & Rypma, 1991, Mayda, Westphal, Carter,
& Decarli, 2011; Salthouse & Meinz, 1995). =20 E< 2 71o 2 v
2k 3 2o HyA|o| A AME<S A3H(Fabiani & Friedman, 1995), 7 A&l
Z~(Gratton, Wee, Rykhlevskaia, Leaver, & Fabiani, 2009), 22 3. "3}
Z}p=¢] FE-Al(Connelly, Hasher, & Zacks, 1991)¢} 28 w&o] a4
w43 59 AstE Btk
%l

X,
ol
)
N
olf
1o
s
rlr
b
rV‘
N
=
ro
X,
N
olr
1o
o| r e
v
o2

Biut= 75 Ae TR 53 Fastt. dAEAV] s
Xiff}fﬂ dele] & = 7] wiolth. Hasher
(inhibitory deficit theory)< t}Fsk <l
Ao A LAstE =319 FH EAo] A (inhibition)s & ¢ Ao ¢}

=91, 719 4] o]%ﬂrxéoﬂfﬂ ZHlE AR

O
[N
[do]
©
=
o,
2
>,
=
12
N
iy
o off
9,
FHU

Aol=Am g o]ojR I:]r(Anderson & Spellman, 1995). W}E}’ﬂ ;‘}7] 714
AFe AoE oAsdel Ay DA Y= Aow AXE @t}
(Blaxton & Neely, 1983; Dagenbach, Carr, & Barnhardt, 1990).



A 24 JAAFTA 7159 de 71 4% =3
2.1 AAEA 759 dH 71A

T o A Al (attention system)o] &2 oFAA = A& AT
u A= TR S gl A8 (bottom-up attentional selection)
¥ 3l3FF¢] M E(top-down attentional selection) & FE3FaL Q)
(Posner, & Petersen, 1989). t}& EA|Et} ¢ 91& AMS 71d 54 2
o] A}=o] 7HA= A L AAVE FoE e A, v He AT
o] A &l (bottom-up attentional selection)@}38 S T4 o] $AH o=
Al gt spAINE 1A EA HA I o] AT HAAY FH ol Tt
qsS stax @& " T4 8 (top-down attentional selection
e NAe FYrE oy= FEA|7t A @k (Posner, & Petersen,
1989). ¥ 99 F HAAF3 & (prefrontal cortex)S dtEFFoAH S 715
SHA sl d9o=2 4 A Atf(Desimone & Duncan, 1995, Miller &
Cohen, 2001; Posner, & Petersen, 1989). wz}A QX EA]7]529 oty 7]
Ao g3t APAFLEL AAFudo] L3FH AFAFAe] Ao 2HES
9331 It (Aron, Robbins, & Poldrack, 2014; Paxton, Barch, Racine,
& Braver, 2008; Ridderinkhof & Ullsperger, 2004).

7] ABAYSAEE AFY E43AEY AHdE A
AEA sHol AT nES Fi JdrkeE AMEES ®Rasko
(D’Esposito, Postle, & Rypma, 2006; Shallice, Burgess, & Robertson,
1996). Drewe(1975)= ¥ &43AE T dFgeol BHol A+ A=
AFS o]l dde WHo] & FAES Uz v gA A
Go/NoGo #AE AAtt. dFdAed ¥H
NoGo AlgellA @354 ¥hg &> A5 ol9o 949
SAERY EHA =4 YEgTh o= WhE Al FA| o
Q3 dse Fa g

% r

Robbins, & Poldrack, 2004).



Fe 8 AFARELE AATA 7

A = AAsH. v e =
= A ¥4 (dorsal
anterior cingulate cortex) ¥ W& %73 Z (medial frontal cortex) %4
o] QIAEA 7%l 7]oeE Aoz ¥ra HtH(MacDonald, Cohen,
Stenger, & Carter, 2000). 53] A 2 Fol&5A4 HAHANA = A F
3] (inferior frontal gyrus)®] 9 &o] T3 Z o=z ¥3 At (Hampshire,
Chamberlain, Monti, Duncan, & Owen, 2010).

[e]
A% ¥ & (ventrolateral prefrontal cortex), Hf

2 =3t mE ¥ ¥Wste JAAFA 7F

3o WE N FF HI = AAEA 7T ASY el F sy
2 o AZIh(Nordahl et al, 2006). o] wf ¥ x4 Wsl= 32 2 W
Aol sk WP 244 Aste e FHz LA IHRaz et al,
2005). = d 7)o &3 #AFE ¥ Pz Wzl wWAWHo] 9=y,

2)
AFA sl #olshs Ao e AFS B ggnn duaP

=
of J3FS Wo] Weo uwiz} WMAWME E35) FHok3 Ao g =gyt
(Chen et al, 2016). ¥ @M AAcdre] 43 (sclerosis), &4 %3}
A

(demyelination), A& % W % 74
< A7 fl= =Rl AAE
Alpérovitch, Ducros, & Tzourio, 2003; Wen & Sachdev, 2004), +=117]
of HAstE FJAVIT R A Fx A9 [Hom AA AT (Van
den Heuvel et al., 2005; Gunning-Dixon & Raz, 2000).

7] e 7leA st w13 A FA Ve Asket vdd
o7 24 At (Nielson, Langenecker, & Garavan, 2002). 7154 =}
3 2 ¥ 7]
= SA8st7] fal 2 2ol= =Fojth ¥ VT4 &5 =
9 &9E-8-(hemodynamic response)< =d7|o] WA= HE

vhdetn, ¥ x4 Wste] kel 74 WEE 546t
tH(D’Esposito, Zarahn, Aguirre, & Rypma, 1998). =1 7]o]

>ﬁ
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H9% (functlonal Magnetic Resonance Image; fMRI) 7]
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I, 1= = 7]

ias!
A =43 (reorganization) ©] t}

S
“

A F AR Fie] TbE

1 3} o}

(Nielson, Langenecker, & Garavan, 2002).
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g3 =27

T
54
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tel ¥ 2 =

S

ﬁ

T
T

A 2=t (Rosen et al., 2002), ©]

AL

—~
110

—_
fi%e)

N

tol @e

S

AR5 A A ol A ==

1% 12 21t} (Reuter-Lorenz et al., 2000).

9|

Reg o

H] 3] A 3FFA 3] (inferior parietal lobule), % % 53] (middle frontal

ol

gyrus)e} #o] QA&

skt &

71l Eb

gl

37 =

A

g

%, 2012). sAIRE B 2 &
o] &7 3} (dedifferentiation)

<

o] o (A

£

i

= > 7l

A

T
) .

244 38t7t e

5
o]tH(Dennis & Cabeza, 2011; Park & Reuter-Lorenz, 2009).
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e

et AX = FEARRA =stEdS FAS AToNAN F
sttt 7Rl HheS= WAl AT Aol ZAA
o2 ¥ A AdrH(MacDonald, Nyberg, Biackman, 2006).
B 10t Fuk7bA] iRl W wkE& o] WA S ka2 Al 3t

49 Fel2 wolAw, o 60t) o|FRE 748 F7a7]

3}of

Al

ox & 1 ox
2 ® % o
2
N i
AN

PN
ol
i
s
2
ol

>
L
o

ot
Fso dHAM AR blasy
)

LSS
SEdAE =i ge B8E4S

a1 =
71 A8 Stuss HQ003)S AU W WEEE WAL FPsE

Azl 7t z7e] Algel AR wMgLwe] FETA

3 i
e ZTHAE MY Huom wgEER Urol £ AL 7l
=¥ whEEE O AAVE HARE e AV FFS vH 7 des 1Y
St Fejolth i W WSS E WA AxE g AAHJAE E&
d 54T & Aok APAFoNME F2 AAFA G 2o sFETA 7]
S 8738+ FANA SHEAH(Bellgrove, Hester, & Garavan,

2004; Johnson et al., 2015; MacDonald et al., 2012). = ZA ¥} 3}3=A|
o 897F A-AFF Y wEEE WA o] SUMEE Ao® UEw
TH(West, Murphy, Armilio, Craik, & Stuss, 2002).

=dzlel yehde whEERE Wl Sk =akl At 2
A 782 A (MacDonald, Karlsson, Rieckmann, Nyberg, & Bickman,
2012; MacDonald, Nyberg, Sandblom, Fischer, & Bickman, 2008;
Rieckmann et al, 2011) ¥ H549 <7 (Stuss, Murphy, Binns, &
Alexander, 2003)2} #&o] &= Aoz dHA vt =5 AA BF

9 ATGge] MAPAE WEHE WAy 7 Balo] Qi A
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A3 NEE BT F gl 8 @74 79l AT A7) FE P
g9 ol% ¥ ABWEL we 2o AR} MAHAG A vow
—3 *E‘%ow sAe] ¥ x2A (AA 24 9% BAA 24) F on @ =

2 1d3n
%ﬂ q¢1 Hhe &0l AEH 9 (trade-of) BAZ A E AQRES
A FF oldo =z ARt B Al dolETF =X

o)

o] AHES UrE]r‘/} v} 9l th(MacDonald et al., 2012). & -0 A

7WAE 9] B e alEste] AHE 5% oS & x3

o2 AR =, o] 7lEed wek wAlE ks A #AAE E

g whA A S GRS olsekA EEAAY WeE&HETF Y

Agke AIZE toll vkl Aujgt Fe-rb 2FEAT 52
L= o]

A4z 2o LY A el 321 ¢
Hlow, Hyt AH2 7067A(ETHA = 643), W5AS 4d(ET
2

oA S u T

A2dSHAEF
2.1 A3 A7}

Stroop MAF-wo] H A Korean-Color Word  Stroop Test-60;
K-CWST-60, <L, A5, yy=a 2012; Golden, & Freshwater,

i

1978): Stroop A4-Tho] AAE B ahe wEe a7 dd FuA
oJm AFHE W AN F A 5, F AAEFA Y2 Bt
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, g3 Aol A AR A E o Yk vl

e
~

u}o] tH(Strauss, Sherman, & Spreen, 2006). ©] HAAl= ©
kS
_]

HA M= AGMoz Q= e MFE AAHsE dojs(d: wui
=5, 3H)S w2 A 4S AS a7ste] FoEY 9] &
5 A% AdHEE Ao AM = 2z g2 Moz < Eo 9l
XXXX'9] Mg WHsiof o} o= A o v =2

—|~
=
0%
o,

e 2 1o o rfr

(P = &l A Aste dol”z

nlef BdXste Mom QlEo] Ut o] wl wolf ojwm|7} ofd
7F Aol e MRS WHE Zlo] a4EH 2A4E BYs W ¢
qEE AEA Q] wkgolnh webA wholeo] oulE FAjstal AME A
= WHsty] fEsiME Sxe7Ie 2 AEA veE AT F U=
Tgo] aFHT

2 "rE7] HAAHTrail Making Test; TMT; Hhv] A& 219,
2003)= TMTa, TMTh, TMTc =& A% o]l TMTas &1 <t
o Eolde A&d <A @, @, @)7F FAAdHom Fold AAE &

otk AT A7bde Ao £ARE 2 L9 wAE 24 Boag
7}—:—@ WeA A2 @ e AAwET TMTh vzsh ARzt &
HA o AR, YR} AL Agolhas 7Hsd we
AL AN wer mpAte s TMTe: 7 744 730 e
d, 3 A EAe S5 wgel AuA ddshe
o ARH 2 24 #AYE, =99

Aolti(el: @ - &a- @ - I -

_

2
©,

o

E
,%
=
p%
Q
jg
p%
<
-
o
i
k)
pr
il
i
AN
o
_?L
N
)
)
>
>
oo
L)
22 2@ L
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o. '.
A
322 1950ms 020 3
[4
+ 300ms +
112 1950ms 100
sUK =H g =

T ZF A A= AA] A 7S 1950ms,
4

2.2 A3 H4A

O 7HA Al (Multi-Source  Interference  Task;  MSIT (Bush,
Shin, Holmes, Rosen, & Vogt, 2003; Bush & Shin, 2006): th=7FA 3}
A= Bush, Shin, Rosen, & Vogt (2003)¢] 7§e3t AAFA €&
Tote Aotk Ao A wmQle o] 27| 7HA] thekgt A= el
AN om(Kim, Chey, & Lee, in press; Dwyer et al, 2014; 735,
2012), Fo89 249 B AsHANE 25 e -G AT <l
AsAsde AHow FAHe= o=z dex AHBush et al,
2008). T2 A= Erikson Flanker, Stroop, Simon &3 & FA ¥
A8 AE X6t v 59A 20139 HAS £36HA = 4A =

of ok ™13 o] gulel] AA =

il
fo

>
e

_13_



SERE

Ko
=

NUl= 7H7h 541, 2,03

—_
0

]
)

i

= 9

3 zro] tE shite] Sz7b AA EH

o %

1

=2
™

Eal

=

]

]

P wal x4 1, 2, 3)o] A Al "Hh(Flanker &3}). &2

s

Ry

A A7E

S
[¢)

2.3 7]

B

i
N
NJo
4
xX

=K

nE
el

9k

5

ko] al

2 g

(D'Esposito, Zarahn, & Aguirre, 1999). wz}A Q1 x]&FA| A9

o

T
T

Ay

Nfo

bel 77} o)

E7RA 97 3

-(:51,

—
fife)

4H(MAGNETOM  Trio;
71A 8 ol

374
bt

)

3 Tesla A7]& 9

N
T

il

%

‘04

=] T=
9=

Simense, Germany)Z ©] &3}

8 AvlE

o

F71 $lel w2l el

S

# 23}

5} A THMPRAGE,

2.3ms,

3
=3

o AL S
375

A Tl
TR

=57 9
repetition time;

field of view;

2300ms, echo time;, TE

FOV=256x256mm, flip angle;FA

9). T1

_14_



g% 2

=
79,
4 471

o2} u] €]

sag s
FOV

b3l
=

eco-planar imaging (EPI)

%tk TR

voxel

FA

240x240mm,

=30ms,

TE

2250ms,

,.mo

=
[}

3x3x3mm, gap 1lmm, 224 sagittal slices. 7]

size=

Al 34 A

ol 7}7] Aol 1A% ek

=
=

7H A ol

I R T

<]

AO
jgace]

1mo

)

O

= A7) E

A% 2

CEE S
AR

R
=

) 2] 8

-
-

i

7A0

el

)

-

2704 o

i} Ab=ro] AA= = 3}

9|

1

)AO

jgage]

mo

= A71Fe

Fol 2}

=

o

I3
=

]

<N

=

KN
=

of

=y

Al ekt

=
il

A

5

]

1278 EYx =13 12439 ¢

o2 T U

IL
E

Al gw o]

[e)
sy

=

_Cq
371 of 6&°] 2aHH, F

=

Aow FAHIUL. 6R B0 By F 18

o~

i
o0

1

ok
ol

Els

bibel 37071 2u ",

5

b 216418 A Fo )

Al S

< 1750msel A 1950m

bol )

s

A
=

300ms =

2250ms vhek 2= Aol AAE AT AP Ao A= 2 A}

(inter—trial interval)

3] Eprime 1.1 (Psychology Software Tools; Schneider, Eschman,

_(H

& Zuccolotto, 2002)

KoN
=

Skl

A

KN
=
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i

0]
h S

T

L

TMTa,
A el A

-

al

l

O

=

TRl A Al

i

A
7_]

T

T

A 2} (standard  deviation;

A THD). ]

S

F

g 300ms Wtk whE

T

T

bel 4] ergke.
5t

°©

J-cho] HAHK-CWST-60:

(e]

2012; Golden, 1978) ©eig}~], *
S WAdE AL

A A
-1
ok
55

H
fi

[e)

T

Stroop
2 7iQ

AR

(Trail Making Test; TMT, =#nA&H <3, 2003)
(o3

TMTh, TMTcol A
4.2 7 2F A9 PF AR

4.1 JEA=

A 4 4
e A3

o

i

Arts A e (2).

[e)

Fefolt} (Stuss et al,

1

)
yal

Fol @

51)4

5} 7]
1=

°©

A A
33
_ 16 _

°©

:rL

KN
=

=
=

(mean RT)

2003).



(2) =14 7+ &

4>

T Aol = meanRTywoza —meanRTe x5

13 FEFY SARA

SEaAe oK BEAEE AAFA N5e SHeE
NBALHA Soop A-wel AR 2w
making tesSt o H FBBAE FAEA o] 98] AP AR
& ANsaT A9, 4, wgAdn ol A5 9P VA £

A= WHETt FAEFE AR E AT

44 ¥ ¥4 A8 &4

1A AVleEdd Ame AAY 2 &4 Matlab WA
r2015b  (MathWorks)9}  Statistical Parametric Mapping software
(SPM12; Wellcome Department of Imaging Neuroscience, London, UK)
& AH&skd
H 94 1A

7154 A7 Ad Ase ey 2E dAY AAE AA
EAA Aol Jhed FHE WwE S
o ol AT ArbAe v £AAe 6l AHEDS N A
(3-D rigid body registration) &2 X ASATE 2) Ar|EHAAN =S
Al rAEE Fed gAY AEAREE B A St (slice  timing
correction). 3) 7 FAAY 7lTA FE4S FET3E Montreal

o
Neurological Institution (MNI) @d#o 2 HAst = WyHozw F7H4

w3t AYgE AdstAan A4 By A RSt #24S A% s A
A#E 3x3x3 mm 279 BYLAE AFE s 9a, TFEToer AN

39 7154 94L 25 6mm FWHM Gaussian kernel® A3 E5 HHY
s} skt
PEAEE ¥ 7le 843 S AT A HIEY 74

7158 A7lEW FFe=E xFE BOLD (blood oxygenation

hyA
level dependent) 4l % ¢} QA ZAe] F 71A WA x(Z0 T HSHE
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(Alphasim)

=
o

oM AT A

jfase]

o

o

3]
Alphasim (Song et al., 2011)

KR
=

A ¥ (whole-brain analysis) Z 3o A 7§&

il

Fch 1 An

i

(k)7}

=

o 2| (p-value)7} .005K.t}

il

2A

9]

=]
-

i

Z Yol A(cluster)®

mof A 1097] Hth

o

—_
10

o)
oF

= AEdelA 1,000

=
=

o]49] =AL7|=, Alphasim®| |7}

B
—_
o)
il
IH

—_=
fi’e)

i
oy,
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AAFA7IS SAA

1=
4 54 %

F7kAEe] AFF A S

#

11 4+

A5 A 7]

=
A Ed 4

3}
of

AT+EA

#®1.

B
N
B

y=i

o

4 (201, o:329)

6.43
3.37
17.48

62.55

70.67
7.04
39.84
95.80
392.31

ﬁo

B/

o
3
ol
B

&

xa
N

80.68

0.03
0.03
0.06

0.21
0.98
0.93

i

MSIT 71<

i=]
24

|

234

1.2 534 A A (MSIT) FF5AE9 7]

80.68)% o, 7|

-

A

hY2

392.31(%

il

T
Tor

o

—_—

0

2|

CEEEE

0

il

o

o

p—

0
)

fite)
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23]
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A 2 gEel A9

#HHAE e TH(=0.29, p<.05). T
Ao Az s Y R yolek fol7t FaaAE veEhiA gtk

13 434G} hFHARA FFAEG] #A
2= B AT AEH AAEA 5 ZAAE 7] gun

A 7 WSS 2ol (;=-054, p<.00l) = ¢

N
i
=
=

et 9 ELM I
W oukgE&E WA X H(=-0.34, p<05)E BYA 2d9 AFGES
o3t B A#S yebdllth Stroop-Aa ©o] HAALe] A E Ed
A 209 AEGEd AH dHE YEFETH=-0.32, p<05).

AAEZA 715S FAQst= o=z 4Exl AAAMdE HU)
Stroop-A4 ©@o] #HAAF 2 4 wrE7] A AMtrail making test)o} thE 3t
A HAE FaAlA 42 dEAxedY AAHAE v 2. =1
b b EE 2ol A RE AFESIA ZHZE Stroop-Ad w@ol A 2 4
sl AARY AT E dESede W s AATE FoskA skt
(p>.05). 7Sl Wl wr&EHE WHAY A EE AFEA ZH2E Stroop-A 3
ol AAF H A vbE7] HJARY AT E dSstds W 3 AAST =
g frolstAl ST (p>.05). Al W WA ARZE EE&T A oA
sl SAMTE A9, A¥, wsdgte] F7F HIlS W Stroop-
A ol HAAF AT S AAFTE TSt (22.179, p<.05).
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P (EE=AA) 1 2 3 4 5
1 MSIT &3 dkg-&5 2} 392.31 (80.68) 1
2 MSIT i Wi wkg&% BAkA 0.21 (0.03) 0.241 1
3 MSIT €Xx=40 AY9E 0.98 (0.03) -0.048  -0.226 1
4 MSIT Bd% =71 AHE 0.93 (0.06) -536" -341° 534" 1
5 Stroop A S 39.84 (17.48) 0.008 0166  -0.051 315" 1
6 TMT A4 95.80 (62.55) 0.136 0.117 0.063  -0.176  -0.110

. xp<0b, #xp<001
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,24,

3. A FAMSIT)Y F5AZY AT TAS 5 8 33 EA
AEEEAD) 1 2 3 4 5 6

1 A o220 9:32) - 1

2 o] 70.67 (6.43) 0.259 1

3 aSsAg 7.04 (3.37) 502 -0.018 1

4 MSIT =7 3t Hbg& % 2o 392.31 (80.68) -0.250 0.212 -0.197 1

5 MSIT 71l W] dbg&HE WAL 0.21 (0.03) -0.032 0.267 -0.252 0.241 1

6 MSIT ¢Ax=1 AGE 0.98 (0.03) 0.172 -0.024 0.146 -0.048 -0.226 1

7 MSIT BEUAx=A AGE 0.93 (0.06) 0.233 -0.180 291" -536™ -.341" 534" 1
T. a. WS = Spearman F#AIT E7]. #p<05, #xp<001



A9 Alddr fo
3 A= 193, ¥5
Al Aol &d3 =
(putamen), A]“3(thalamus), 3753

3] (middle frontal gyrus), o % 3]
(precentral gyrus), += 374 2% (inferior parietal lobule), A1 %3 (insula
lobe), = F3](middle frontal gyrus)® YEFST. X Z7o] H]s}o]
AR 209 Adge &Ads7F HAadh Aow Yt 992 H5 F

Y =4 459 (ventromedial prefrontal cortex), <<Fe}3](mid orbital

ro
X
off a
R
|

poy
o
ol
{14
An)
™
B
AN
o=
=
)

=

(inferior frontal gyrus), =4

= = =

gyrus), W= 3](superior medial frontal gyrus), <= 3](middle
temporal gyrus), = Z'3|(angular gyrus), <43 2 (posterior

cingulate cortex)®] ! t}.
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¥4, BEUR =74 AP H 99 FA3)

o} e ww MNIy’ZJ“E oot
Positive activation
Superior colliculus 1830 L -6 -6 -28 1741
*Putamen L
Thalamus L -18 -18 20 11.37
Inferior parietal lobule 24024 L -28 -58 48 16.54
*Inferior frontal gyrus L
xMiddle frontal gyrus L
*Precentral gyrus L
xInferior parietal lobule R
Insula lobe 719 R 30 22 6 16.66
«Middle frontal gyrus
Negative activation
Ventromedial prefrontal 635 L -6 6 98 978
cortex
*Mid orbital gyrus L 9.45
g;?ggerior medial frontal L -18 -18 20 941
Middle temporal gyrus 74 L -28 -58 48 9.42
x*Angular gyrus R 7.78
Posterior cingulate cortex 21 R -2 10 54 7.95
Fox WA 7 Bus goldd wgE 99, L=AWT, R=S U, -

A=Az 7l A FHxol t-HA (df=51).
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4= YgsHAATAY BYA =210 Al ek A3

H = g 271 7 e EE 2ol A xeF AHES e g Ho] A
AlE o]t F= Z=<k9}3](mid orbital gyrus), €43 (supramarginal
gyrus), & =3|(middle temporal gyrus), < 4% 3](postcentral gyrus),
$-= 3} F 3] (inferior frontal gyrus), %< (insula lobe), %= T2 F3
(middle frontal gyrus), 43| (superior frontal gyrus) o] %4
P RbSEE Zpolop BA Aws Ut S5 o] 495 243 A

w7l 248 0 4FA ANEA FAL el

_27_



¥5 X7 HSEE Zo] AHYG AFAS B H FY

s f;ji(k) T X MNIyED\IL Z z &

Mid Orbital Gyrus 7250 L -6 54 -8 4.79
x*Inferior frontal gyrus R
*[nsula lobe R

Middle Frontal Gyrus 878 L -30 44 20 4.35
xSuperior Frontal Gyrus L

Supramarginal Gyrus 800 L -b8 24 46 421
*Middle Temporal Gyrus L
*Postcentral Gyrus L

Middle Frontal Gyrus 729 R 42 -6 60 4.18
«Superior Frontal Gyrus R
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I 2 (neural correlates)

—_—

3}l 4 5 3] (infeior frontal gyrus) o] 7H¢
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3.65

18

34

-44

391

Inferior frontal gyrus
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®7. F AR(2AD BELEE Aol Ad W HEEE WA A
®)o 3zag adrt /% Aoz #FE o 949
. MNI 2} 3
o] o i
A4 (k) X y z oz %

Dorsal anterior cingulate
472 R 12 16 38 4.74
cortex

296 F AR(EAL MISE Aol A W HSEE WAA X
B)o 454§ BRI FF Aoz B ¥ 99
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R? Linear = 0,236 R Linear = 0.325
600 5501
= =
|D—: = 450
| 4007 I
= 7]
K .{e 400
gﬁ 3001 ;»,
![”, ?'f‘_'. 3501
= * E
200 . [ ]
300
[ ]
%0 0 5 10 15 20 25 30 = 40 H 18 Z.ID SID
dACC activity (12 18 38) dACC activity (12 18 38)
297, APA3 92 (dorsal anterior cingulate cortex; dACC) A4 3 &3 P53 &4
Tl Ao A@elA Vet 24 WEEE Aol Axe A W) MgEE WA Axwe] FEge

aste] NZABE 93 FHRL NFOR A W WSHE WY A& FIAHAR) 2 AR
eEE)R Urel MZ AvdE MA% QAFA S pAS dehls B AU 27 3

HEE o] e FHE AR AAEA FUL e
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ganglia)¥} 72 & Al=®"eo] AAd oz Mgy o gt (Mostofsky
& Simmonds, 2008). ?Liﬂ o8 AFHFdoe]l 7I1AY ASE A
kS-S Ao 7]ofdlt= AWo|ti(van den Wildenberg et al., 2006). ©]
ek MAYF] H5 } T3] A oG A @%ﬂ%ﬂ Hel A= of
2 AR S5 b FE I S FAES dEoE 3 Aol &
A5 9] Go/Nogo #HA|¢] A af& ol EHZ:?"H Hla o Evhe
Tkslth(Swick, Ashley, & Turken, 2008). ©]&= &= A F3] A vt
AAE Sl AAFA N 7IAdst= G o= A& AT
=dzle 54 M GgelM Frkeke Ve d E4se dybA o
2 39 B/ (compensation)d efel] 7|Q1gktiar o AX|X|ut B o
Uehd #S5 stdF3Y @43t S BAHE Rue A &
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#1721 99 E=(Bush & Shin, 2006)9] &
LN X}O]ﬂ e Ao= ‘/PE‘rMD}.
=

14]&A #d 9 Wol €43t A2

AoZ & F . FAHeR #AS
Q‘rﬂ(mld orbital gyrus), #= 4}3] (supramarginal gyrus), & =7
3] (middle temporal gyrus), 4% 3] (postcentral gyrus), %= 3453
(inferior frontal gyrus), %< (insula lobe) F= qu—':rﬂ(middle frontal
gyrus), 45 3] (superior frontal gyrus) Qo] FAZFEAFZ A X E A
g o] dEHolArt. o] FAAME *Or*f_? ﬂ’ﬂl:rﬂ@r ST =
AAgel] Fost= EAQ] 9oz delA AtH(Aron et al, 2004;
Garavan, Ross, Kaufman, & Stein, 2003).

A FAS} HdE 5o O Bol 243 A =U0=9 ¥
o] ¢ AFHoldtt= ZAd+= CRUNCH (Compensation Related
Utilization of Neural Circuits Hypothesis) F 2] W&o sj2e HQ
7} ¢ith. CRUNCH Ede] w2, x99 A% o %e {75 243
5 T ABALE sdsuHE F 7 U= JAY dol=d AT
Jom oyt A 5 olFow vt HAE AT Hor 3
g F gls ¥ ooflg Hris @43 AVE: 4 o) SUMeHA &=
(Reuter-Lorenz & Campbell, 2008; Reuter-lorenz & Lustig, 2005). &
AT B4 x3E AT FARES FHEC] 5% ool eS #
otk o, & A= o B ABALS AHERe W AeAQd AT

S ojEo ¥ F e 7Y dolEE UM AAGT B F gtk o
A ATAL FAE B =QASdAA #EE A FA Joge 7
Aehe wmQleol Astd A HE el M | 2 59 o F

= | 2}
FAE AEsk Aolga AT 7% v (Madden, Whiting, Spaniol, &
Bucur, 2005; Madden, Spaniol, & Bucur, 2007).

oy

_35_



BO N X0 X
My i@ﬂwroﬂa%
iﬁ}leL\oé <o
c3 7ME7LAX CeEm R
Egzﬂﬁmw .miﬂﬂmwﬂaL
L 4 293 S
WO ) mama_og@@ﬂ1 N FE R
< o ﬂ,kuﬂmﬂ m%mﬂ;ﬁ_gl@m T2 i X
yau«,% ° g 5 gm%g::fl
~a ﬁa.ﬂ,‘] tL,ﬂbféqé il do < N = =
o] ° g N 3 X ® P N N N =%
- adjﬁr%ﬂ MTtﬁodroﬁo o L,yu.wﬂﬂdb
z M g o w5 AR v = B X = o)/ < W) © ) = il 1@
ﬂo_ﬂwﬂ 05C1 LaEae thMaLvl_?_
~ O ) o X4 5 8 p y oy
ﬂl_/A I~ O ) ATUW ro— o
! gﬂﬁ_z:ou Sk X = % g ZTSaZTH A “r
p oo F 5 w2 ~ £ = IR = g™ W 3 ~
B R s g ¥ D TS %i?&ﬂw .
_sLOMx_. = T = T L w = M e = o =
x AT1Ax T = ¥ v =
3 - T EAO . ]EO#L’LO
Huﬂ =0 WW_,E ﬂCﬂUEﬂn]oﬁe iWﬂN ﬂﬁwornz.m
@rogﬁogé]? mok,]ﬁo_ﬂooﬂhé ]w\rﬂuﬂ@Aﬂ,m
o_ekﬁxﬁﬂﬂoﬁo ﬂ#.m7%@§7; o11mM = & 8
G = L.Eo‘.r _Oﬁ]nﬂ =y J;OOMOHW,F %
,.;o . H_T <O ol w — g Lﬂ_Tﬂ - v ~X o- Jl o, &
ﬂ7%§ = X é%w@%ﬁﬂ@é &fr%ur%hmm
ﬂ%ﬂo%w@ﬂ@ &mﬂnmﬂdu]ﬁeﬂjﬂm ,w.LoLHﬂ]MoC(@
EC) um Jo & N ey = N o) o ' 2 R mﬂ )] & T W L o AL 9] 3
:@Eﬂwﬂdy = woa ééﬂﬁﬁf éqgor <
A S X o) S AR = = T qr o KF e o
&ﬁ%ﬂﬂ_é% R ol L ﬂﬂbﬂ_#bﬂwomﬁﬂmruoxem
Jo = R ) = ﬂﬁ_ﬂl o toﬁ |
1%70»5&02% Lo,_mﬁam#roﬂr Mm@di _ﬂ_muqqeg_._ﬁ._._LL_o Q
El7 — 22 AﬂotL av e 0 = iy ~ Nk
i??iiii 23820 : p8ES
gﬂAgﬂﬂo7m@ﬂmmlﬁuqmﬂhﬂo@a%wg%@w
@:zowywﬂvj_nmoﬂ@] gifm1£§amo€
umﬁmﬂﬁ_i_éi < = an ﬂaﬂaﬂﬂ d:EﬁJlﬂuo
~ N o %71# x,;.__.;v,w T 0w
jol o o ol ) Q H 4 ~ 5
o o %o dﬂi_ﬂam = S T o E
A4 op rol = HoX TR ﬁa do o w B
Ta T CREI . > T 4T
ok = o T 2 g A o = N °
iy _ pxiéﬂ%, Fox
T oy T ol o| Mo _ ol N
Jo N GER - 5o 2
Lﬂ@%@ 9%%% s
) ﬂo]aﬂogeoﬂa
ﬁmrmoimni%
W
_
7A



A}

o

et

]
&

o

T

(Reuter-Lorenz & Campbell, 2008; Rosen et al., 2002), WF-S-&%
o] Hol& 7]

1.4 N33R 7T T RA Y A%

wK

dr

=

[e)
=

o
<P
To

)

—
fite)

O

Kol
i=]

=

T
a-

]

T

S A

dol At
o] %

o

T

{ 2 T

R)2

7}

o]
=
AF
=

A

A A

7HA

who]
al
=

=

s

VDA
Al

o

1

S
pul

[3)

ol

w Stroop
Hol ] o] 8 75A7] "W

E
A

3

7he} ofu

N

[€)

A]
]

)
JO

_]

7} A3} Apo] o A
Al

2]

]

}

il
(]
=

A
x|
o]

A2 A AT o9

At thelrh 7 AEEo|

%
&

o
o

2

= 7N

o)
15}
) g+ =8 (Ratcliff, 1993; Whelan, 2008),

AgHE =elh

o

ojo
o
ol

I

750
N

B

T

-

53

=

_37_

S
L

N Aae] Awtst ool



=

x| A &t

=

=

Al

hvy

(Bielak, Hultsch, Strauss, MacDonald, & Hunter, 2010)
71 37 B 7] ¥H(computerized)

PRI NXN®WPWPHERTTDPXRT O o) T o o B o dp T Jnt
N~ 5 P X T X "W I OH T T - 5 F = T i
W odo I REE TR LDy T X = B 2w our p—
muﬂw,i q%gﬂ%ﬁ}ﬁ ar.%m_x%%iﬂﬂﬂ
<N T ‘Iyl —_ vze] ﬂ ,mﬂ ‘;Imﬂ f—
o o o B 5 K N — N
WL " o o N M oo & AF d]ﬂ o T MR o o Mt m.ﬁ H TG
TS ST S SR T
0 —~ ! ul o NOX o
R %}ﬁﬂ&Q@%%ﬂg%mjo X g
%) W 5 N o H B oy W B &
sEixT e _xwma B _soaw 7 oML E
N I O R IV I N -
Tl T M E oy M ERE TR oy W S
JO A 7o X o o S o Ho o e G
g T Mooy W do o PwES N WM 2
BT oo o ~ yp o o) N B/ - ™ - -
S e N Eewd DT gy ma Mo E o |
| JI o N — m K O_ or o) T 00
ML | Lt Ee — 0 OR + —~ NN =< = _— 0
T T o N o oy H < 7 X Mo 75 © °F oR o 4 N ) S 3p)
E o o o Wﬁ —_— - o - 1_f — U.:v v . IL UrL B2 _
RER P g TR E T Sy B
R R AR % T D R Ao XX
o T e Shm TN 2R ey R o
T o U g op W T S o ooy T o W GO~
Fo W R o et PRI e Ty E
¥ o\ T W Jo 7 X X i o) o oW K
Py oy g0 E R e o TR
m fife) o o= O#O — O#O ~ —_ O#O I V MA EE 1i ‘Mﬂ ﬁ J)NO i G m
Kodo NN o X < o N ® X % oo T M o &
TR EEEE D gy %;ﬂ}@%bgﬂomﬂgEe.m
—_ W oy o T o= F N — T - XB o
Mo%#o_o%_@{7m. csoAd M AN g Y F L T8
o WT TR W MR RN E
xEPL TP ETTIFTT )N PR E R DR L
7l o N =0 750 T =) , n_AlL
Ty kPP T Erra " EYE Lo wl %
G CUNNIE oA o) of ok ! B e o BB
RN PEETR22HDSTETHAAFETE TR NI H



AIApel %

T

T

2

o] ofue}, 4

E

=

slo] A A LA
dol 7l e]

-
a_

T
T

A7

0
NR

R HEEE

[e)

7= Aow de A gt

)

Ao, B T

wtebA 75% o]

™
—_—
fite)
Bo
=)

oj

zel
il
o

o] =
AN

A A =

o
o7
N
-
ol
=K

_#o_l
N

=
o

oF

file}
e

ol ok wEkA ol &

=X
o

7}

o] &
A=

Aol

=

o1z

[

15 o] o

_39_



A 3 73

Zae Ao ygd (2012). ASAAZAHA 23 (SNSB-1I). 5H 294,

Fo A& skl

i)
o

A2 Y (2012). JAAFA Fdo] =21¢] H7]s A= o

ook
1ok

H 7 (2006). w2 7] el HAAL SIAL AL
A9 (2011). = X uf @7} HAHK-DRS-2). /AL A&

Anderson, M. C., & Spellman, B. A. (1995). On the status of inhibitory
mechanisms in cognition: memory retrieval as a model case.
Psychological review, 102(1), 68.

Aron, A. R., Fletcher, P. C., Bullmore, E. T., Sahakian, B. J., & Robbins, T.
W. (2003). Stop-signal inhibition disrupted by damage to right inferior
frontal gyrus in humans. Nature neuroscience, 6(2), 115.

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the
right inferior frontal cortex. 7rends in Cognitive Sciences, &4),
170 - 177.

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the
right inferior frontal cortex. Trends in cognitive sciences, 8(4), 170-177.

Barch, D. M., Braver, T. S., Akbudak, E., Conturo, T., Ollinger, J., &
Snyder, A. (2001). Anterior cingulate cortex and response conflict:
effects of response modality and processing domain. Cerebral cortex,
11(9), 837-848.

Bellgrove, M. A., Hester, R., & Garavan, H. (2004). The functional
neuroanatomical correlates of response variability: evidence from a
response inhibition task. Neuropsychologia, 42(14), 1910-1916.

Bielak, A. A., Hultsch, D. F., Strauss, E., MacDonald, S. W., & Hunter, M.
A. (2010). Intraindividual variability in reaction time predicts cognitive
outcomes 5 years later. Neuropsychology, 24(6), 731.

Blaxton, T. A., & Neely, J. H. (1983). Inhibition from semantically related
primes: Evidence of a category-specific inhibition. Memory & Cognition,
11(5), 500-510.

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D.
(20(()1;. Conflict monitoring and cognitive control. Psychological review,
108(3), 624.

Botvinick, M. M., Cohen, ]J. D., & Carter, C. S. (2004). Conflict monitoring
and anterior cingulate cortex: an update. Trends in cognitive sciences,
8(12), 539-546.

_40_



Braver, T. S., & Barch, D. M. (2002). A theory of cognitive control, aging
cognition, and neuromodulation. Neuroscience & Biobehavioral Reviews,
26(7), 809-817.

Breteler, M. M. B., van Swieten, J. C., Bots, M. L., Grobbee, D. E., Claus, ].
J., van den Hout, J. H. W., .- Hofman, a. (1994). Cerebral white
matter lesions, vascular risk factors, and cognitive function in a
population-based study: The Rotterdam Study. Neurology, 44(July),
1246 - 1246.

Bunce, D., Anstey, K. ]., Christensen, H., Dear, K., Wen, W., & Sachdev, P.
(2007). White matter hyperintensities and within—person variability in
community -dwelling adults aged 60 - 64 years. Neuropsychologia, 45(9),
2009-2015.

Bush, G., & Shin, L. M. (2006). The Multi-Source Interference Task: an
fMRI task that reliably activates the cingulo-frontal-parietal
cognitive/attention network. Nature Protocols, 1(1), 308 - 313.

Bush, G., Shin, L. M., Holmes, J., Rosen, B. R., & Vogt, B. A. (2003). The
Multi-Source Interference Task: validation study with fMRI in
individual subjects. Molecular psychiatry, &(1), 60.

Bush, G., Spencer, T. J., Holmes, J., Shin, L. M., Valera, E. M., Seidman, L.
J., ... & Biederman, J. (2008). Functional magnetic resonance imaging of
methylphenidate and placebo in attention—deficit/hyperactivity disorder

during the multi-source interference task. Archives of General
Psychiatry, 65(1), 102-114.

Chen, A., Akinyemi, R. O., Hase, Y., Firbank, M. J., Ndung'u, M. N., Foster,
V., .. & Polvikoski, T. M. (2015). Frontal white matter hyperintensities,
clasmatodendrosis and gliovascular abnormalities in ageing and
post-stroke dementia. Brain, 139(1), 242-258.

Christensen, K. J., Multhaup, K. S., Nordstrom, S., & Voss, K. (1991). A
Cognitive Battery for Dementia : Development and Measurement
Characteristics, X2), 168 - 174.

Collerton, J., Collerton, D., Arai, Y., Barrass, K., Eccles, M., Jagger, C., -
Von Zglinicki, T. (2007). A comparison of computerized and
pencil-and-paper tasks in assessing cognitive function in

community-dwelling older people in the Newcastle 85+ pilot study.
Journal of the American Geriatrics Society, 55(10), 1630 - 1635.

Connelly, S. L., Hasher, L., & Zacks, R. T. (1991). Age and reading: the
impact of distraction. Psychology and Aging, 64), 533 - 541.

D’Esposito, M., Postle, B. R., & Rypma, B. (2006). Prefrontal cortical
contributions to working memory: evidence from event-related fMRI
studies. Experimental Brain Research, 1331), 3 - 11.

D’Esposito, M., Zarahn, E., & Aguirre, G. K. (1999). Event-related functional
MRI: implications for cognitive psychology. Psychological Bulletin,
125(1), 155 - 64.

Dagenbach, D., Carr, T. H., & Barnhardt, T. M. (1990). Inhibitory semantic
priming of lexical decisions due to failure to retrieve weakly activated

_41_



codes. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 16(2), 328 - 340.

Daselaar, S. M., Iyengar, V., Davis, S. W., Eklund, K., Hayes, S. M., &
Cabeza, R. E. (2015). Less wiring, more firing: Low-performing older
adults compensate for impaired white matter with greater neural
activity. Cerebral Cortex, 25X4), 983 - 990.

DeCarli, C., Murphy, D. G. M., Tranh, M., Grady, C. L., Haxby, J. V.,
Gillette, J. A., -+ Schapiro, M. B. (1995). The effect of white matter
hyperintensity volume on brain structure, cognitive performance, and
cerebral metabolism of glucose in 51 healthy adults. Neurology, 45(11),
2077 - 2084.

Dennis, N. A., & Cabeza, R. (2011). Age-related dedifferentiation of learning
systems: an fMRI study of implicit and explicit learning. Neurobiology
of aging, 32(12), 2318-¢l7.

Desimone, R., & Duncan, J. S. (1995). Neural mechanisms of selective visual
attention. Annual Review of Neuroscience, 181), 193 - 222.

Drewe, E. A. (1975). Go—no go learning after frontal lobe lesions in humans.
Cortex, 11.1, 8 - 16.

Dufouil, C., Alpérovitch, A., Ducros, V., & Tzourio, C. (2003). Homocysteine,
white matter hyperintensities, and cognition in healthy elderly people.
Annals of Neurology, 532), 214 - 221.

Duncan Roger Johnson Michaela Swales Charles Freer, J. (1997). Frontal
lobe deficits after head injury: Unity and diversity of function.
Cognitive Neuropsychology, 14(5), 713-741.

Dwyer, D. B., Harrison, B. J., Yucel, M., Whittle, S., Zalesky, A., Pantelis,
C., -+ Fornito, A. (2014). Large-Scale Brain Network Dynamics

Supporting Adolescent Cognitive Control. Journal of Neuroscience,
34(42), 14096 - 14107.

Fabiani, M., & Friedman, D. (1995). Changes in brain activity patterns in
aging: The novelty oddball. Psychophysiology, 326), 579 - 594.

Friedman, N. P., & Miyake, A. (2004). The relations among inhibition and
interference control functions: a latent—variable analysis. Journal of
Experimental Psychology: General, 1531), 101 - 135.

Friston, K. J., Jezzard, P., & Turner, R. (1994). Analysis of Functional MRI
Time-Series, 171, 153 - 171.

Garavan, H., Ross, T. J., Kaufman, J., & Stein, E. A. (2003). A midline
dissociation between error-processing and response—conflict monitoring.
Neurolmage, 20(2), 1132 - 1139.

Golden,(C.)]., & Freshwater, S. M. (1978). Stroop color and word test. Age,
1590).

Gratton, G., Wee, E., Rykhlevskaia, E. 1., Leaver, E. E., & Fabiani, M.
(2009). Does White Matter Matter? Spatio-temporal Dynamics of Task
Switching in Aging. Journal of Cognitive Neuroscience, 21(7),

1380 - 1395.

_42_



Gunning-Dixon, F. M., & Raz, N. (2000). The cognitive correlates of white
matter abnormalities in normal aging: A quantitative review.
Neuropsychology, 142), 224 - 232.

Hampshire, A., Chamberlain, S. R., Monti, M. M., Duncan, J., & Owen, A.
M. (2010). The role of the right inferior frontal gyrus: inhibition and
attentional control. Neurolmage, 50(3), 1313 - 1319.

Hasher, L., Stoltzfus, E. R., Zacks, R. T., & Rypma, B. (1991). Age and
inhibition. Journal of Experimental Psychology. Learning, Memory, and
Cognition, 171).

Hasher, L., Zacks, R. T., & May, C. P. (1999). Inhibitory control, circadian
arousal, and age.

Holmes, A. P., & Friston, K. J. (1998). Generalisability, random E ects &
population inference. Neuroimage, 7, S754.

Johnson, B. P., Pinar, A., Fornito, A., Nandam, L. S., Hester, R., &
Bellgrove, M. A. (2015). Left anterior cingulate activity predicts
intra-individual reaction time variability in healthy adults.
Neuropsychologia, 72, 22 - 26.

Kim, H., Chey, J., & Lee, S. (2017). Effects of Multicomponent Training of
Cognitive Control on Cognitive Function and Brain Activation in Older
Adults. Neuroscience Research.

Li, S. C., Lindenberger, U., & Sikstrom, S. (2001). Aging cognition: from
neuromodulation to representation. Trends in cognitive sciences, 5(11),
479-486.

Lustig, C., Hasher, L., & Zacks, R. T. (2007). Inhibitory deficit theory:
Recent developments in a “new view.” Inhibition in Cognition, (571),
145 - 162.

MacDonald, A. W., Cohen, J. D., Stenger, V. A., & Carter, C. S. (2000).
Dissociating the role of the dorsolateral prefrontal and anterior cingulate
cortex in cognitive control. Science, 25885472), 1835 - 1838.

MacDonald, S. W. S., Hultsch, D. F., & Dixon, R. a. (2003). Performance
variability is related to change in cognition: evidence from the Victoria
Longitudinal Study. Psychology and Aging, 183), 510 - 523.

MacDonald, S. W. S., Karlsson, S., Rieckmann, A., Nyberg, L., & Backman,
L. (2012). Aging-related increases in behavioral variability: relations to
losses of dopamine D1 receptors. The Journal of Neuroscience, 3X24),
8186 - 91.

MacDonald, S. W. S., Nyberg, L., & Bickman, L. (2006). Intra-individual
variability in behavior: links to brain structure, neurotransmission and
neuronal activity. Zrends in Neurosciences, 2948), 474 - 480.

MacDonald, S. W. S., Nyberg, L., Sandblom, J., Fischer, H., & Backman, L.
(2008). Increased response-time variability is associated with reduced
inferior parietal activation during episodic recognition in aging. Journal
of Cognitive Neuroscience, 20, 779 - 786.

Madden, D. J., Whiting, W. L., Spaniol, J., & Bucur, B. (2005). Adult age

_43_



differences in the implicit and explicit components of top—down
attentional guidance during visual search. Psychology and Aging, 20(2),
317.

Madden, D. J., Spaniol, ]J., & Bucur, B. (2007). NIH Public Access, 20(2),
317 - 329.

Mayda, A. B. V, Westphal, A., Carter, C. S., & Decarli, C. (2011). Late life
cognitive control deficits are accentuated by white matter disease
burden. Brain, 134(6), 1673 - 1683.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal
cortex function. Annual review of neuroscience, 241), 167-202.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, a H., Howerter, A., &
Wager, T. D. (2000). The unity and diversity of executive functions
and their contributions to complex “Frontal Lobe” tasks: a latent
variable analysis. Cognitive Psychology, 41(1), 49 - 100.

Mostofsky, S., & Simmonds, D. (2008). Response inhibition and response
selection: two sides of the same coin. Journal of Cognitive
Neuroscience, 20(5), 751 - 61.

Nesselroade, J. R., & Salthouse, T. a. (2004). Methodological and theoretical
implications of intraindividual variability in perceptual-motor
performance. The Journals of Gerontology. Series B, Psychological
Sciences and Social Sciences, 5X2), P49 - P55.

Nielson, K. A., Langenecker, S. A., & Garavan, H. (2002). Differences in the
functional neuroanatomy of inhibitory control across the adult life span.
Psychology and Aging, 1741), 56 - 71.

Nordahl, C. W., Ranganath, C., Yonelinas, A. P., Decarli, C., Fletcher, E., &
Jagust, W. J. (2006). White matter changes compromise prefrontal
cortex function in healthy elderly individuals. Journal of Cognitive
Neuroscience, 183), 418 - 29.

Park, D. C., & Reuter-Lorenz, P. (2009). The Adaptive Brain: Aging and
Neurocognitive Scaffolding. Annual Review of Psychology, 6(X1),
173 - 196.

Paxton, J. L., Barch, D. M., Racine, C. A., & Braver, T. S. (2008). Cognitive
control, goal maintenance, and prefrontal function in healthy aging.
Cerebral Cortex, 185), 1010 - 1028.

Posner, M. 1., & Petersen, S. E. (1990). The attention system of the human
brain. Annual review of neuroscience, 13(1), 25-42.

Ratcliff, R. (1993). Methods for dealing with reaction time outliers.
Psychological bulletin, 114(3), 510.

Reuter-Lorenz, P. A., & Campbell, K. A. (2008). Neurocognitive ageing and
the Compensation Hypothesis. Current Directions in Psychological
Science, 173), 177 - 182.

Reuter-lorenz, P. A., & Lustig, C. (2005). Brain aging : reorganizing

discoveries about the aging mind. Current Opinion in Neurobiology,
152), 245 - 251.

_44_



Reuter-Lorenz, P. a, Jonides, J., Smith, E. E., Hartley, A., Miller, A.,
Marshuetz, C., & Koeppe, R. a. (2000). Age differences in the frontal
lateralization of verbal and spatial working memory revealed by PET.
Journal of Cognitive Neuroscience, 1X1), 174 - 187.

Ridderinkhof, K. R., Ullsperger, M., Crone, E. A., & Nieuwenhuis, S. (2004).
The role of the medial frontal cortex in cognitive control. science,
30605695), 443-4417.

Rieckmann, A., Karlsson, S., Karlsson, P., Brehmer, Y., Fischer, H., Farde,
L., - Backman, L. (2011). Dopamine D1 receptor associations within
and between dopaminergic pathways in younger and elderly adults:
Links to cognitive performance. Cerebral Cortex, 21(9), 2023 - 2032.

Rosen, A., Hara, R. O., Rosen, A. C, Prull, C. A. M. W., Hara, R. O., Race,
E. A, - Jerome, A. Y. (2002). Rosen , A . C . et al . Variable effects
of aging on frontal lobe contributions to memory . Variable e ects of

aging on frontal lobe contributions to memory. Neuroreport,
13 August), 2425 - 2428.

Salami, A., Rieckmann, A., Fischer, H., & Bickman, L. (2014). A multivariate
analysis of age-related differences in functional networks supporting
conflict resolution. Neurolmage, 56, 150 - 163.

Salthouse, T. A., & Meinz, E. J. (1995). Aging, inhibition, working memory,
and speed. The Journals of Gerontology Series B: Psychological
Sciences and Social Sciences, 50(6), P297-P306.

Schaie, K. W. (1996). Intellectual development in adulthood: The Seattle
longitudinal study. Cambridge University Press.

Schneider, W., Eschman, A., & Zuccolotto, A. (2002). E-Prime. User’s
guide. Software Incorporated.

Shallice, T., Burgess, P., & Robertson, I. (1996). The domain of supervisory
processes and temporal organization of behaviour. Philosophical
transactions of the Royal Society of London B: Biological sciences,
351(1346), 1405-1412.

Song, X. W., Dong, Z. Y., Long, X. Y., Li, S. F.,, Zuo, X. N., Zhu, C. Z., -
Zang, Y. F. (2011). REST: A Toolkit for resting—state functional
magnetic resonance imaging data processing. PLoS ONE, 69).

Sternberg, S. (1969). The discovery of processing stages: Extensions of
Donders’ method. Acta Psychologica, 30, 276 - 315.

Strauss, E., Sherman, E. M., & Spreen, O. (2006). A compendium of
neuropsychological tests' Administration, norms, and commentary.
American Chemical Society.

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal
of Experimental Psychology, 186), 643.

Stuss, D. T., Murphy, K. J., Binns, M. A., & Alexander, M. P. (2003).
Staying on the job: The frontal lobes control individual performance
variability. Brain, 126(11), 2363 - 2380.

Swick, D., Ashley, V., & Turken, U. (2008). Left inferior frontal gyrus is

_45_



critical for response inhibition. BMC neuroscience, 9(1), 102.

van den Wildenberg, W. P., van Boxtel, G. J., van der Molen, M. W., Bosch,
D. A., Speelman, J. D., & Brunia, C. H. (2006). Stimulation of the
subthalamic region facilitates the selection and inhibition of motor
responses In Parkinson’s disease. Journal of cognitive neuroscience,
18(4), 626-636.

Wen, W., & Sachdev, P. (2004). The topography of white matter
hyperintensities on brain MRI in healthy 60- to 64-year—-old individuals.
Neurolmage, 221), 144 - 154.

West, R., Murphy, K. J., Armilio, M. L., Craik, F. I. M., & Stuss, D. T.
(2002). Lapses of intention and performance variability reveal
age-related increases in fluctuations of executive control. Brain and
Cognition, 493), 402 - 19.

Whelan, R. (2008). Effective analysis of reaction time data. 7he
Psychological Record, 55, 475 - 482

_46_



Abstract

Brain Correlates of
Response-Time Variability in
Cognitive Control Task among

Older Adults

Hairin Kim
Department of Psychology
The Graduate School

Seoul National University

Intra-individual response-time variability is a measure of
behavior that is known to increase with aging and is an indicator of
how inconsistent individual response rates are in the cognitive task.
The increase in response rate variability reflects the structural
changes of the frontal area as a result of aging and has begun to
attract attention as a predictor of the pattern of cognitive aging.
However, there is a lack of research that reveals how the increase in
response—-time variability 1s based on certain brain functional
activation. In this study, 52 healthy elderly subjects were subjected to

multi-source interference task (MSIT), and at the same time, brain
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function activation pattern was captured by using magnetic resonance
imaging. Specifically, we have searched the brain regions based on
the individual's response-time variability in the MSIT and the
response—time difference between the interference and control
conditions reflecting the success of the MSIT. In addition, correlation
analysis was performed with neuropsychological measures measuring
cognitive control function to confirm the neuropsychological
characteristics of the two indicators.

The results of the analysis to explore the neural basis of the

indices including intra-individual response-time variability and
response—-time difference between the interference and control
condition indicated that each indicator was based on functional
activation of other brain regions. As a result of analysis of individual
response—time variability index, the greater the activation level of the
inferior frontal gyrus area, the greater the variability of the reaction
rate. The greater activation level of the brain regions known to be
involved 1in the cognitive control was related to the better
performance in MSIT.
The cognitive control areas included the middle frontal gyrus, the
inferior frontal gyrus, and the insula lobe. In order to compare the
two indices, interaction effect between two indices was examined. As
a result, positive correlation between anterior cingulate cortex and
behavioral performance was observed only in elderly people with high
variability.

As a result of the level of behavioral analysis conducted to
examine the neuropsychological characteristics of the two indices, the
interference index of the Stroop-color word test was higher as the
person’s response-time variability was larger. However, its correaltion

with response—time difference index was observed.
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The results of this brain and behavioral analysis suggest that
the difference in the response-time between conditions and the
response—-time variability in individuals vary depending on different
brain functions but interact closely with each other. Furthermore,
there was a need for further discussion and research on the

characteristics of response-time variability that reflects aging process.

keywords : cognitive control, response inhibition, frontal
function, intra-individual response-time variability,
response—time difference between conditions
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