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Cognitive control is a domain-general process essential for independent living and is particularly vulnerable to age-related decline.
This study aimed to investigate the effects of cognitive control training on functional connectivity during both resting-state and
cognitive control task performance, using data from Kim, Lee, and Chey (2017), which examined the impact of cognitive control
training on cognitive function and brain activation in healthy older adults. Data from 25 older adults aged 64 - 77 years (13 in
the training group and 12 in the comparison group) were analyzed. The training group completed 24 sessions of cognitive control
training over eight weeks, while both groups underwent neuropsychological assessments and fMRI scans before and after the
training period. Compared to the comparison group, the training group demonstrated decreased connectivity within the
sensorimotor network during the resting state and increased connectivity within the default mode network during the cognitive
control task. Moreover, these changes in functional connectivity were associated with improvements in cognitive control

performance. The implications of these findings are discussed, along with suggestions for future studies.

Keywords: Computerized cognitive training, executive function, Default Mode network, fMRI

12H4 0 Y4 25.02.26; £HEH 25.04.22; 2SHAMZE: 25.04.30

Copyright: © 2025 The Korean Society for Cognitive and Biological Psychology. This is and Open Access article distributed under the terms
@ (D | of the Creative Commons Attribution-NonCommercial 4.0(https://creativecommons.org/licenses/by-nc/4.0/) which permits use, distribution and
reproduction in any medium, provided that the article is properly cited and the use is non-commercial.

OFoFth(van Balkom, van den Heuvel, Berendse, van der
Werf, & Vriend, 2020).
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o -ukA (domain—general)  7]%5¢]tt(MacDonald, Cohen,
Stenger, & Carter, 2000). JAFA 7152 AT} F
Y F95x Y AF-F4 YEA(frontoparietal
network, FPN)E F8 A7 7jdtog ZH=sotth(Niendam,
Laird, Ray, Dean, Glahn, & Carter, 2012). Kim, Chey%}
Lee(2017)= AGAR]oA P2 o=m AZetl Qe =]

RUSS deR Vid Bt HASAY AATA e
AARHL, QAERe] AT B Vsl vAle 2iE
grelgt vk Qltt. o] AFeld EHHE2 HlwHdel =l

JNAEA 715 AA7IolA folsHA o & ¢S A
= Wob ofyet, k= A7 (Koren  Dementia
Rating Scale-2, K-DRS-2; Chey, 2011)2 =A%t
AA7)5NNE B & P2 Btk Tt SRS
ol AAFA A 7 F] BN 5 AFFA
=7 25 AT HAGAA F7FsHAL, of= Hshe
A g P WA ole JAEA £
59 ¥ YEQIE Hop asFor HINHAS 7Hs
AARRHE, B A= Kim et al.(2017)9] 94 =
HE 7154 ¥ FEARE 246t JAEA

gt Rle] B 24 mAls avE AwEY,
=

ﬂd
2

o H S o2 Mo r

4> e ro

()

12

2

ke

I
<,
>

o

1l %
ol = e
= B oo

fo
Hob r& T

QE4e] Wsjel AAEA 7o) Wst 7o) B
sjazt gk
QI7be] ME 7t 7o) et nER FESEC] ewA

T 9sH B9 UEYAE ol 8&2or JEAYE
F3H(Sporns, 2013). ¥ YIEQAE F45t= St9l UE
A= UFAe= J1dstA dZdElo] QoA o 59
HEYast: A4t £30 dZ24E FAct Aol ot
7152 984S FeAHer AT A (reconfiguration)d -
AtHCohen & D’Esposito, 2016). &, G FAo] Hg
of webA ofe] HESAZ} o AEstAY E4 HESA
7 Adedos @A, fg2= S YEYIE 9
Aoz 417 AHeS G808 ARgRith

7152 Y EY A (functional network)= & 9odSo] SH
2AetE = fES Hgo R AoyE=t|, AFAT A%
A W (temporal signal) 7] 4#A, & 7154 924
(functional connectivity)& Fall 49tk (Shen, 2015). A
Tttt ot HEIE Aok FAAQ HA o= Aol
7b QA AEe] dBEA Hise F27F oh(Fox,
Snyder, Vincent, Corbetta, Van Essen, & Raichle, 2005;
Power et al., 2011; Yeo et al, 2011). Yeo et al. 2011)2

FA] A (resting—state) 7152 AH7|5H DA (functional

-

magnetic resonance imaging, fMRI) Zt=& EAoto] It

ALdE e Fo YEYAR FE6H, o] FEZ 7]
A UEYA dAolA g &&= ot o] YEYAS
o] 8 EA2 oad Zoh WA 72 HE YESA
(default mode network, DMN)& U= AA%F1]2 (medial
prefrontal cortex), T4 1] (posterior cingulate cortex)
< 4 gY9er =zt o] YEIAE YR=E et
A B Foll A= oF A=Z AHPok= X%
AE At Fole JA=H A #@dst YEYA
(task—negative network)2x &Ety, DMNO| A5E= Hg
How WA A3t YEA(task—positive network)e] Al
S ok= BRAManti—correlation)?] BAE 712 ™ (Fox et al.,
2005), 71919] &, AV|-HUHY, Aol 5 WA A
WA #HHAH T (Burianova, Mclntosh & Grady, 2010;
Jeong, Chung, & Kim, 2015; Spreng, Mar, & Kim,
2009). JAEA F8 A77IHOl7|= g FPNL2 Hjl=
A5 mA(dorsolateral prefrontal cortex), TF4 HA
(posterior parietal cortex)= 8 GOz 3}, o] YEE
A= A9A71, AY, g} GAfF A 85t oSyt &
TR A AR TA| fofl Fofsto](Kelly, Uddin, Biswall,
Castellanos, & Milham, 2008; Menon, 2011) =9 #3
U E Y3 (central executive network)2x =Wr Fo&
Ao #ofst= UEQIZE S F9o Y EHA(dorsal
attention network, DAN)®} 2= F9] Y E ¢ I (ventral
attention network, VAN)7} Qlth. DANS AF H--5%
A(frontal eye field)¥ FA7H (intraparietal sulcus)S 2
ste HEYA=E YA siF FofEAlel wolgitt
(Corbetta, Kincade, Ollinger, McAvoy & Shulman, 2000;
Fox, Corbetta, Snyder, Vincent,& Raichle, 2006). VAN
= A= Y A(anterior insular)¥ v]Z AdiAF 12 (dorsal
anterior cingulate cortex)& £ FHoZ ot AF-F
EA AF FAE FASH: UEYZoIH(Corbetta et
al., 2000; Fox et al., 2006), XA U EHH(salience
network) 2. B8]t} olQlo| ¢reFAE 1 (orbitofrontal
cortex)¥t F&FA(inferior temporal lobe)& F8 Fooz
ZototH A Aol Tojol= MA YEYA(limbic network,
LN), =899 Adz 997 M5HY &5 99= T8
ggoz s Hes Y EYI(somatomotor network,

SMN), 3542 sHo= 3t AlZ YIEY A (visual network,

o o

H YEYT 75H dFAL A 2U)d dAH F
FE71(40-50t)7kA] vlwd HHoR (A=t i)
2 714 ’skE Hlok(Deery, Di Paolo, Moran, Egan,
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& Jamadar, 2023; Edde, Leroux, Altena, & Chanraud,
2021). ky7]ele Aoz 5t9] YEYA Wio| 7|54
A2/ (within connectivity) F4sh= §HH, YEYZ 719
o ke APl 1
Ebdth(Deery et al., 2023; Edde et al., 2021). o]2{gt H3}
+ YEHZY 7|54 %ﬂg HaAl ]‘11 Anzor ©F
SH(dedifferentiation) & o Gtk gEIE= A1 B8
g AsHA7IAL C’Jﬂ%‘ﬂ@r e m“ ZAor Helg
(Deery et al., 2023; Edde et al., 2021; Spreng & Turner,
2019).

7154 AZ%(between connectivity)

ARAos AuEd, w37t 752 A4 nx=
FF2 of9] HESA et = (Deery et al., 2023;

Edde et al., 2021). o] Z7}5te| wigt DMN, FPN,
DAN, VAN go] 119] 1A)7]5ol Hofsts dghuld u
EQA W9 7ls4 AZ24e daskARt SMN, VN, A7
HEQZCE o] 71229 715 olsh= A2 HEH
F(sensorimotor networks)et A HEQIE= HEHT Y
of Aol HskA| gAY o5y Fleke A H

oh E3F A9 A HEYAE 749 e ABHL s
], DMN# th2 39] 2] YEYI oA shgs
(anti—correlation)©| ZHASH= HAlo2 Jepdtt E3ok 7|E
A #7HeE YEHIAELS DMN, FPNIHe| dd4e 7
StEAEE, Fo] Y ES|ASte] AAAL oFstEl= Agko] 9l

o ot Fd= WIskRel ket AdHo] gof wet

ddol F44 &4 (local efficiency) 1$] Q1A HES

AsoME dastl, d4es HEYIAAE 235]8 F7t
k= 43S ?ll’%(Deery et al., 2023).

FAolt XA AZo] FR

sholw]=d|(Livingston et al., 2020), ©]= &3t QIx]H =t
=o°] 19} B YEYIE HHEAHoR SASF0ZH
HEYA9 7154 d44e WA 7]7]
Ross 5(2019)9] A&k 9 o8 &7 Afor] &S
Fles h:?l%% Azt A& 9 o A *’F°§ ot B9t
FqolA 2t Aastgled, sid ot

X%lﬁ} AR o2 g9E Aolo] 52 A 7154 dE0l
Skttt 219719 41 aaprt geld d7]o] 9 g
<4 cH%L(Lebeclev et al,, 2018)A= AA719 TAL} Al
7t 229 3 F9] IMRI #=olA A& § FPN
¥ DMN 7+, FPN#% #7225 UEHD 7+ dd4do]
Zaota, UEQAS Avtd Eejzmel Ay REA

(whole—brain modularity)e] F7Fsk= Ao2 Yeget A

e QlES td o R ohefRt QIAFge ERAR ATl
AE QAT QA7)5e FAAZ B ohfel ve]
N5 ABYEL WAL AOT LERFTHCao et al.
20165 Li et al, 2016). 719, &, 2AHE, Ae1t 5
So 9] QAISS BT e AXE] FA A
YEYZE] 7154 da4ed nale 9= Ao d5lA
(Cao et al., 2016), Hlld%% DMN W 1243} FPN W
dAaHol Haste FEFS Hel o Hlgl, EAYEE o] o
g0l SASAT SRR HIE B9, 5ol BN
L= w9z HAT oAy} ”ﬂl:rﬂ(superlor frontal gyrus)
1 A2E FPE 245 QAISE o 24 A,
EQ HIEHA 1F A2 24014 DMN3 FPN 99S7F
o] whpglo] HRAROINE ZaRAT ERTDINE §
AT bk, 2o @7 18 E OE AL o

al,, 2016)4+& 9 AATH| kst mat AFHoz
Uehts 7154 449 Hstks dstirle Aom Y
o} ol#fet A=
Al Yetd= MEYA ¢
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S el 295 ) deke Fol e =
E2 $402 PRl vENTSY W A5l W 4
R B S
(Finc et al, 2020; lordan et al., 2021; Lebedev, Nilsson,
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LEE 44 #49 7ldd9d B4 o:“’—ﬂ.(region of
interest, ROD22 A5t 32 A fMRI A=A F
= Yeo et al. (2011)9] 77 HEYAZ o] dHELS /\}7401]

l' rm

FESOI($E 2) YEYT $ET ROI 474 7154 4
A4 WalE 2As,
Hi I:é'l

A7 CHE2E H 23
Kim 5(2017)¢] el Folet Zalxt 2 A4 EA17F
T, ZZs Aot e e=2&7bo] AZet wol(64-77

A 277 o] MRI AmolA A7) tixl7h Eakela) oke 1
W, MRI 29 Al 4] NS A% olssla St 19

(e

ol Zt HoiollAq AQl=lo] 259 AmIt B Ao BA
HArHERAT 139, Hluyd 127%). A S5 ge
Mgty Hejst A BEste] F 333 1A7hHA
T 877 st QAFA T Wlth AxEA &9
& oA, FJHE HEA|E le >4 5 AAF
Ao 5+9 847t Q3= 574 JME AFHqon, 7

A dolwe] wet ole] 4202 TATUL TS AR
o ASIH BAA] utet 2t B e ol 45
Ao, A w50 9 £ et 1A ol

zmm £ uxﬂoﬂ A FARY AgE

=
H'T

JzO

=2 \_
= e, mATe R A4S B4 gson,
£AYHL F5T VH0E FAT AFNBAS MRI

ARk g 24 £ A9 9475 A4 4L
K-DRS"2 §402 JUlsle of A7 e 4
) sfo] Sapsiglon, BE Foldn

o

2
-

AZ|SA| ZHA

2 AtoAE JAAEA o mE JAAEA 7|59 #3t
et 7154 944 sk 2te] BAE FMs] flsto] QAAE
A 7159 AAIR M A2 HAAHColor Trails Test, CTT;
D'Elia et al., 1996)¢} =13t Stroop HAKStroop; Shin &
Park, 2007 AH&sth CTT+ @ Hlo]]o EolA U=
3 ATt L S 9 <t AYgle wAt —/v\—/\ﬁﬂi
w2 JetstA dddfoF sk CTT1, 9% A7t #&

A e Qo] BE Ay, Mg wdis H]'JFEEH

A e=AdE Addof sk CTT2= FA 5
CTTlZ Fo=7 AAULFEs 8= 8sk= d Hldl,
CTT2e F7I2 FY& Hests A fdds o=
Sh= MAlelth. CTTY £44+= 24 IS gmste H
Qs 2gA7rolth Sroope 7
olE 9= ©olg)7l(word reading),

ohq.

KXXX' 9] =2 A Yot M ‘:§ H(color naming),
Aeole A4 dolel BUASE 92 A4S Fleg B
duo2 AAYE Ty olae dol W o2 Wgyso}

St AA-To] TR IHA|(color—word  interference, CW)Z
TAE Stroope] Al MAlE FEHLE FO|H} o] 7]
= TRE SHAR M-t M= ool Hsto] o

A 5A 58S Q%) Stroop?] ZF IAE 203 5E=
uadd 1002des A=, Alft AR 45% 54t HJTL
Aurge] A= ST & dFelMe dAFA 715

Hrgshs CTT29] $8AI7HE)T} Stroop CW| R 7H
TE 2 AR5t Kim et al

94
12 5A] THL CTT29 Stroop CWo
SRt T E QI

718y kIY AR 3
k] gAF ZzE 3T MRI ZH(MAGNETOM Trio; Simens,
Germany)& ©|-&sto] g=otqey. WA o FxA o]
d& st fIMRI 949 AA e o]§str] flsf +
Z2 MRI 9AHTR = 1900 ms, TE = 2.36 ms, FOV =
256x256 mm’, FA = 9°, voxel size = 1x1x1 mm’)& &
gttt IMRI A7H9] S8 nju|EE2 g 2ok
TR = 2000 ms, TE = 30 ms, FOV = 240x240 mm? FA
= 79°, voxel size = 3x3x3 mm’. A 714 = 1 mm,
= 30. IMRI &9 x7] AH]9 AT 24
AAsE] fsll, #7173l ﬁé’%’%}ﬂ"i
gu] A7HS Pt 7
£ Z3dote H9olA 9 QM‘:}.
] AH IMRI A== A2 v ol 84 ZH=E &
< I3 Ho| 43 AAML 2R ETE Bl AAsk, of
FAZ ol a1 H|eks] 41 Sl AHlA 8% & 4
Aottt AxFA A T IMRI 9 Aol AAEA
TAZ oh57Hd A (Multisource Interference Task, MSIT;
Bush & Shin, 2006)& ©l|-8st3itHFigure 1). MSIT+= 52t
0, 1, 2, 3 F & 7kA &9 xgtoz st AAE Al
Mol A5 F T2 ¢ A eg 2-3-304 2)E 7S
w21 AselA Hisjop st IpAolth Hojate] &
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a. Trial examples in each condition

Interference Control

‘100
| +
020

b. MSIT block sequence during task-based fMRI scan

1850 ms
150 ms

1850 ms

Fixation Inten‘erence| Control | ‘ Fixation ‘

X 6 times

Figure 1. Experimental paradigm during task—based functional
magnetic resonance imaging acquisition

ow HRSHE HIAE 1 ZF 23l ofdels HES HA
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%—Xﬂ Z(control condition)™} 7HdZA(interference) 2 &2
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AN ==, Bushet Shin& 250 ms F¢F AAF oL &
AFoME o159 B9 A& E Tafste] 1850 ms &
Qb AAlsbdar, Al 7F SAIH(+)2 150 ms F<HE Ao
ek MSIT 8 & fMRI #92 7} 587 3624 F 33
AA o, 7+ HY 37|19 AR Bl 24x9] 24 &
Al EF0] #iA =St A3y} mpA]re] 23 SA] 25 A
oldl= 25 W 12 Ao A sAXAY Mz
E50] IR 63] REEE

s &3Y Az 24

g BAofl= SPSS 21(SPSS Inc., Chicago, IL, USA),

SPM  12(Wellcome Department of Cognitive Neurology,
CONN 22.a

, 2022)5 o]&s}

Institute  of Neurology, London, UK),
(Nieto—Castanon & Whitefield—Gabrieli
%t

ot 7+ HH3} ;ﬂ;ﬁﬂ‘ﬁ‘jﬂ HA FeSETE 2, 7
Holate] 724 QAR T1 Zx 4L BF ¥ 30
91 MNI (Montreal Neurological Institute) 152 3%t &
XA 37+ A FSHspatial normalization) H]AE =g g
TE QA olE 1 Hoe 754 Y ArE Btdehe

o) AFRSlTh E3E o] 3x3x3 mm F7|9 Huiz A
F=% & 6 mm FWHM 7FpAIRE AdE o]-8sto] B3t
HY3k(spatial smoothing)ot3itt. 7154 244 4 Ao
o2 24d, APA 29 5 AsAeel JFL A
99, WA s a0l Fke] BFLSEOIZEblood
oxygen level dependent, BOLD) A& o4 &9 ZH} 574
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o /‘}‘g’cﬂ' Act. ol Eﬂo—ﬂu ‘ﬂﬂao(band pass filtering)2

45t fMRI AIZH4 A& (temporal signal) b S
52 At A B ASE BT Z dhsls Ao
22 (Sun, Miller, & D’Esposito, 2007) 0.01 < £ < .15 o
o] Alguks BAskert.

-

)

me ol

N

154
o2 Power et al.(2011)Q] 2647 7|54& LE =
i
MN

Qay T4 vl

=R AN BA
S

a8 L
2]
mlm

g, olN
o
lo
b
_ﬂ,a
Rl
o

_O'L
=
of
il
lo
omY
EN]
>,
d,
rE R o
>
fol
mu «
)
oy
2
)
=,
o)
N
N
_0|L

E:‘?‘:' in & ox 1o X of
r
10, ?0[7'1 N 9
N N
a3 o
:(O]I Y _E_, "‘; 2 mlﬂ
e =
o my e
o o0
(@)Y
=
1o
o
e
odl
i)
o
I e
¥@ o
_g
ro
2
r

2

Aol A9
3y 59 7]
Yeo et al. (2011)0] st 74 LﬂE JEI.( =) FPN,
DAN, VAN, DMN, SMN, VN, LN)2 &3}l HHE
g, HI) XA R, AR EdA ohHFREAREA
o) 59l vERT 70, oke) WEAT U @E4e] Wl
A At A AeAgs BA6kleH, YEYA +%

o]r
iy
re

mlo

_7’7_



The Korean Journal of Cognitive and Biological Psychology

o] Higl= p ( .05 59 YAz HAFUL 1 g
©& ROI 7+ ZF A44(29,40370) oA &8 A} S0 AAA
3} (A}@—A}i ﬂiﬂ] = [-1, 1D9] A Ao|(ZAAHE-H]|

4
g div] = [1, -1DE =Felstgen, ROI £ Ha}
€ p €.001 &9 Aoz A=A, & d+= o=
o] ROICH HEYA 7F 7]54] 924 WstE vt gA2
AT=A BFHRE WASHH AUAA 7]Ee] dAsHA of
10 o] ARI-ARS AAF M Bt 2RE & e mAR
24 HeFE 2] o HEHln A= FAIBH
Raiees
7l AZEe| Halel AXEA| 7152 Het 2t
A

Al 71

AdA4 "5t AL (AS-
CTT2 %8412}, Stroop CW U A0 AR AT
A)e AT, A4 Wt Jzet A5 Pak £

a3 71 AAssict,

C

gl

.

Table 1. Participant characteristics at baseline (N=25)

(AF)elA e derIz|7]s, AREA 752 Table 10 A
Algh vRer k. edTe] B A”ge T146M(SD =
4,08), Bat WHATL 6.699(SD = 3.99)0] 1, HlWAH
o] Bt AZe T11TAI(SD = 3.32), Bt
H(SD = 400002 F o] A7 9 W& 579 Aol
Fol5kA] AATHps > .65). AFFARte] AHL TAF ]
18 Alelsta BE ofojglet. 714 AJolA & ke
Ak QA7)s g WYshs K-DRS-2 $H(d23) =
-0.72, p = 48), AXEA AAR CTT2A23) = -0.63, p
= 54), Stroop CW(«23) = 0.88, p = .39)9] ZaojlA =
T zpol7h Gloleh APH-ARS AL 7HAe ERXTe] Bt
70.384(SD = 4.59), Hlazee] Hat 67.429(D =
2 Fogt Zpol7k st (p = .075).

VN-DAN 7+ 7349 1}0]7]- 746}2‘@
p = .024), ROI $£Zo4 VN9 &=
DANS] %5 stFAHY 7ho] a4l el Hlaf H]
WG] WA YERGITHA23) = 4.06, p < .001). MSIT &

3 Zo] 7153 AAALe MxAT EAZRA T4 A
o ztol7t folebA] okttt MEYA 453 ROI S04
7154 QA4 Wste] g Aolg BAG Aite o3t 2

th(Figure 2).

Training group (n=13)

Variables

Comparison group (n=12)

M (D) M (D)
Age (years) 71.46 (4.08) 71.17 (3.33)
Years of Formal Education 6.69 (3.99) 7.42 (4.06)
KDRS-2 130.62 (5.36) 128.83 6.97)
CTT1 86.69 (29.07) 81.50 (57.44)
CTT2 202.00 (68.61) 179.25 (109.71)
Stroop W 64.62 (11.18) 64.25 (14.90)
Stroop C 42.33 (11.44) 42.33 (11.44)
Stroop CW 25.38 (7.29) 28.25 (8.95)

Note. K-DRS-2 = Korean Dementia Rating Scales—2 Total score, CTT1
= Stroop Word Reading correct response, Stroop C = Stroop Color Naming

Color Trails Test 2 reaction time (seconds), Stroop W

= Color Trails Test 1 reaction time (seconds), CTT2 =

correct response, Stroop CW = Stroop Color—Word Interference correct response
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Figure 2. Training-related changes in functional connectivity during resting—state(a, ¢) and the Multisource Interference Task (MSIT;
b, d). a, b: ROI connections showing significant differences in functional connectivity changes based on the group contrast (training,
control [1, -11) and time contrast (pre, post = [-1, 1I) (p < .001, uncorrected), during resting—state and MSIT performance,
respectively. Lines are color—coded according to the color bars in the upper right corner. ¢: Comparison of mean functional
connectivity between pre— and post—training scans in ROI pairs within the visual-sensorimotor network, where the group difference in
resting—state connectivity change was significant. d: Comparison of mean functional connectivity between pre— and post—training scans
in ROI pairs within the default mode network(DMN), where the group difference in task—related connectivity change during the MSIT
was significant. Error bars represent 95% confidence intervals.

33 (fusiform gyrus)®] AAoA] APd-ARE
: B 5}l zol7k 2ot AT(d23) = -4.17, p < .001),

)T AR, AR Ao VN W A44(A2,22) ST AZ2A2 #Hiosks wH, Hlwwe] Adde
=399, p = 033), VN-LN 7+ dZA4(A222) = 39, p Z7}kAch VN-SMN¢| ROIS 7+ A7 Zol= 9= 815
= .034), VN-SMN 2+ Q24(R2,22) = 4.23, p = .028)9] —rﬂ(inferior occipital gyrus)et #= LFA4 AN (paracentral
A folstath(Figure 2a). VN We] 7iE ROI 7F AAA  lobule), ¥ W33]9F H X259 < (supplementary
L Apdof| AT p < .0019M= ATAEo] Folgt 912 motor area), 3|9t FA53](postcentral gyrus), FFF3]
2 Qidlon Agzkgo] WS elsty| Qs 9% 45  (middle occipital gyrus)@t 548 (pretcentral gyrus) 7+2]
= p € .0052 gooldle dole Rt 5ol ARt dAAoA ARA-ARS Wele] A A7t FOJskAr (s <
VNS 2% ROIE 7t ¢AAo] AT ME ragt  .001). ZF Ao APd-ARE 944 8|wshd (Figure 20), $
g, HudeAE STkt Fde BATh VN-LNO o] AAE VN-SMN 7+ BE ROI A Hlaydd2 £
ROIE 7te] dE Joll= VN9 = A3(lingual gyrus)et  olsAl AZAo] F7kettk(ps < .012). 2o Hlsf SAH

A e 7154 FZ-(resting-state functional connectivity).  LN¢| $=
A chaEA Au JEYT S0 HHEH, ¥ C
ol

I
re M

£ 1
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MSIT &3 = 7|53 AFAMSIT-related functional
connectivity). HA AR AFAA MSIT SAHZAL 7H4
Z719] HESAIZE ‘3! 7‘49}5"“/\1 @‘4 7t zfo ]t -nTJ shx] ok

0}01 Al 7&511#([{“3

717} %
A+ FAZDANA 2T FAT WG At gArks >
09). TR 7 g W A-AE 282 vwshy, 29
AL WA} ARE Bl AR folet
A BastgoLks < .09, HMEATAE SO Wt
R gtk ZF Aol REe] MSIT 49 Ak

Kim et al. 2017)°]] FAH o2 AA| = ATt

-6.10 I 6.10 Ay

a. Resting—state

Figure 3. Group (training vs. comparison) x time

post) interaction effects on functional

connectivity at the lowered threshold (p < .1 for the

(pre vs.

network level, p < .05 for the ROI connection level).
Lines are color—coded according to the color bars in
the upper left corner. MSIT = Multisource Interference
Task, DMN = default mode network, VN = visual
network, SMN = somatomotor network, DAN =
dorsal attention network, VAN =
network, LN =
network

ventral attention
limbic network, FPN = frontoparietal

MSITO] SAIZAANA 7154 AZ2EE HESRASL} ROI
FoA BE ARA-ARS HslFe] ek A7t folshA] ¢
ook 7R 7154 dZAolM = HENA = (Figure
2b)elAl DMN W9 AZ- o Aet Hebx A1 9] Ao atgol
GOl AtH(A2,22) = 4.85, p = .018). ROIE 7+ 942 ¢
A= DMN W] 2= Zts](angular gyrus)©] ,
Hz =253 I gyrus)t 9HFLE] WS A
A%=3](medial superior frontal gyrus)Zt 1724J2] HS}ofA
Ak 7+ ZFol7t fofstnt. T = SoiAtS] (posterior
25 F/d2l(midcingulate), 5 F552
(middle temporal gyrus), = 271444 (precuneus) 7o)
dZ4 Wt Ad 2Hg EAth o4 DMN Y 34
= Ato]9] Aol ERTeA = STt v
oM AsHATHFigure 2d). &, ZF AT AR-ARE 4
Hl Ao A £ o

9457

5] (middle tempora

cingulate)+=

NVA

044/

b. MSIT-Control

c. MSIT-Interference
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Table 2. Correlations between changes in cognitive control and changes in functional connectivity

Networks ROIs JCTh A5moop CW
r P r p
VN-LN R Lingual — R Fusiform .36 074 -23 267
VN-SMN R Inferior Occipital —L Paracentral .08 .703 =25 226
Resting—State R Fusiform - R Supplementary Motor .06 167 -.36 073
R Lingual — R Postcentral .30 141 -.17 A27
R Middle Occipital = R Precentral -.01 .949 -.21 315
DMN-DMN L Middle Temporal = R Medial Superior Frontal -.16 443 27 .196
L Angular = L Angular -.19 372 35 .087
MSIT L Posterior Cingulate — L Midcingulate -.03 903 18 393
L Posterior Cingulate — R Middle Temporal -.39 057 46 .020
L Posterior Cingulate — R Precuneus =17 409 .33 .106

Note. ROI = region of interest, R = right, L = left, CTT2 =

Color-Word Interference correct responses, MSIT = Multisource Interference Task, VN = visual network, LN =

= somatomotor network, DMN = default mode network

)

53 azyel Eif b ARSAIS Hate] 2
Apeje MSIT PH12A 5490 % A 924
PRI G5 Aot SR RO 7 424
o WSHAIF-AP)% AXFA @A CTT2, Stroop CW
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. 2 A3 F el 7] ol 939 2 o
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1o 4o
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fl

FA = 36, p = 074, o] RSl HEeE
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ERA 8 9] 5 T &5 $558 19 A
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Overall Trend

15 = I . b 1 L K - 1 .
-0.3 -0.25 0.2 -0.15 0.1 -0.05 0 0.05 0.1 0.13

Functional Connectivity Change

Figure 4. Correlation between the changes in Stroop
Color-Word performance and changes in average functional
connectivity of default mode network
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AASA T 59 Fols 712 BE YEAIDMN) o]
AT Sk Ao vehdth ol Aagel Wt
L AAA 7%, B8 A B4 Sl T B
o]

o &

A%t AAANE B HAE E‘ﬁ‘:}.
2 YEYT 4% p( 1, ROI 7 7 E
oHA Agsto] A AJH 71%@ ?ﬂ@%ﬂ Al ®g}
OFAFS eHASHA (Figure 3a), ¢ 2
A9} AF UELYA 1te] A2 Fart 544
=ik ol BT k3t oA Frtele Ao el
AAolH(Deery et al., 2023), £ <d7e] H|w
1052] AA-AAA 7]7} ol o] dAA o] Zr}lel=
S HAlrh ROI 4520 FAofA] AlZF YEQ]F.9] 439}
Ad4go] FooH HAastHd HA YEYAS 5 HF2
= 429 AHA ARl Fa3 FgolHA(Kawasaki et al.,
2012), 3]} A i AQlel Tofsl= ES A1t A2
T 2o 1] A7 HEHAE Hdoke o9
2 FERA0 R Ldto] Fofste] i wdprt X whet
7] @772 HuA & BERE A7 9 A4 HE
3 A9E(Spreng & Turner, 2019) 7Fe] A o] AthA
o8 o Hete= AR HIth & At AuelA HF
A3l QIAFA L oto] Fofgt A wHs 7sletA
U AEE AR 71220 715 des H A
A I EQAY] AFAe] didor 7Fsty]
AANZIAY FHAZL 7FsAe] Qi
F3t QIAEA £ JAAFA B £ F 7R RE
HESA We 924 S7H7le Aoz Usyith 712
2 YESA W dZ42 A A8 (Andrews—Hanna et
al, 2007; Geerilings Renken, Saliasi, Maurits, & Lorist,
2015)¢t A 9 F(Geerilings, Maurits, Renken, &
Lorist, 2014; Grady et al, 2010) Z5oA LoE]A =35}
of Wg FAart BuESIeh & AfoE 4 7|3F FeF
ol AXE W] 2 HwHE A 7Y F U|E B
T YEST W AFHe
712 RE YEHT W 4
Y=, o] 3fo] FHoRet <]
CHStaffaroni et al., 2018). ¥, H=ZQl Azx|FHS
LSS 2 Aol ”}ZW}Z]E o] L]E-orlﬂgl Ad4go]
Z7tote Ade HoJ(Cao et al, 2016),
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£ = 2. 243 Regions of interest(ROIs) list
Visual Network (VN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
Occipital_Inf L -25 -98 -12 Calcarine_R 20 -66 2 Temporal_Inf R 42 -66 -8
Occipital_Inf R 27 -97 -13 Occipital Mid_L =24 -91 19 Occipital_Sup_ R 24 -87 24

Lingual_L -13 =40 1 Fusiform_R 27 =59 -9 Cuneus_R 6 =72 24
ParaHippocampal L -26 -40 -8 Lingual L -15 =72 -8 Occipital Mid L -42 =74 0
ParaHippocampal_R 27 -37 -13 Calcarine_L -18 -68 5 Fusiform_R 26 =79 -16

Temporal Inf L =34 -38 -16 Occipital_Inf R 43 -78 -12 Cuneus_L -16 =77 34

Lingual R 8 -91 -7 Occipital_Inf_L -47 =76 -10 Cuneus_L -3 -81 21

Lingual R 17 -91 -14 Occipital_Sup_L -14 -91 31 Occipital_Mid_L -40 -88 -6

Lingual_L -12 -95 -13 Occipital_Sup_R 15 -87 37 Occipital_Mid_R 37 -84 13

Lingual R 18 47 -10 Occipital Mid R 29 =71 25 Calcarine_R 6 -81 6

Occipital_Mid_R 40 =72 14 Lingual R 20 -86 -2 Occipital_Mid_L -26 -90 3
Calcarine R 8 =72 11 Cuneus_R 15 =77 31 Occipital_Inf L =33 =79 -13
Calcarine_L -8 -81 7 Lingual L -16 =52 -1 Occipital_Mid_R 37 =81 1
Occipital Mid L -28 =79 19
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Somatomotor Network (SMN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
Cingulate Mid_L -14 -18 40 Supp_Motor R 10 -17 74 Frontal_Sup_2 R 19 -8 64
Supp_Motor_L 0 -15 47 Postcentral R 22 -42 69 Frontal Sup 2 L -16 -5 71
Supp_Motor_R 10 -2 45 Postcentral_L -21 =31 61 Cingulate Mid L -10 -2 42
Paracentral_L -7 =21 65 Paracentral_L -13 -17 75 Heschl_R 32 -26 13
Paracentral_L -7 -33 72 Postcentral_R 42 -20 55 Temporal_Sup_R 58 -16 7
Postcentral_R 13 -33 75 Precentral _L -38 -15 69 Temporal_Sup_L -38 -33 17
Postcentral_L -54 -23 43 Parietal Sup L -16 -46 73 Temporal Sup L -60 =25 14
Precentral_R 29 -17 71 Paracentral_ R 2 -28 60 Temporal_Sup_L -49 -26 5
Postcentral _L -23 -30 72 Supp_Motor R 3 -17 58 Rolandic_Oper R 43 -23 20
Precentral L -40 -19 54 Precentral R 38 -17 45 SupraMarginal L =53 =22 23
Postcentral_R 29 -39 59 Postcentral_L -49 -11 35 Heschl_L =55 -9 12
Postcentral_R 50 =20 42 Insula_R 36 -9 14 Rolandic_Oper_R 56 -5 13
Precentral L -38 =27 69 Postcentral_R 51 -6 32 Heschl_L -30 =27 12
Precentral R 20 -29 60 Postcentral L =53 -10 24 Temporal SupP L =55 -40 14
Precentral R 44 -8 57 Postcentral R 66 -8 25 Temporal SupP R 52 -33 8
Postcentral _L -29 -43 61
Limbic Network (LN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
OFCmed_R 24 32 -18 Frontal_pole_ L -18 63 -9 Fusiform_L =31 -10 -36
OFCmed R 8 41 24 Temporal Pole Mid R 46 16 =30 Temporal Inf R 49 -3 -38
Fusiform_L =37 -29 =26 OFCant_L =21 41 =20 Temporal InfA L =50 -7 -39

Temporal Inf R 52 -34 =21 Fusiform_R 33 -12 -34
Dorsal Attention Network (DAN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
Postcentral_R 10 -46 73 Parietal_Inf R 33 =53 44 Parietal Sup R 25 -58 60
Postcentral _L -45 -32 47 Precuneus_R 10 -62 61 Parietal_Inf L -33 -46 47
Postcentral R 59 -17 29 Temporal MidP_L =52 -63 5 Parietal Sup_L =27 =71 37

Occipital_Sup_L -41 =75 26 Temporal_InfP_L -47 -51 =21 Frontal_Mid_2_L -32 -1 54
Occipital Mid_R 43 =72 28 Temporal InfP R 46 -47 -17 Temporal InfP_L 42 =60 -9
Precuneus_R 4 -48 51 Postcentral_R 47 =30 49 Parietal Sup L -17 -59 64
Temporal InfP R 58 -53 -14 Parietal Sup R 22 -65 48 Precentral_R 29 -5 54
Parietal_Inf L -28 -58 48 Temporal_MidP_R 46 -59 4
Ventral Attention Network (VAN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate

Precuneus_L -7 =52 61 Tempoal_Pole_Sup_L =51 8 -2 Frontal_Inf Orb_2 R 37 32 -2
Supp_Motor_L -3 2 53 Cingulate_Mid_L -5 18 34 ACC_sup_L -11 26 25
SupraMarginal R 54 -28 34 Insula_R 36 10 1 Supp_Motor_L -1 15 44
Insular R 37 1 -4 Temporal Sup R 65 -33 20 Cingulate Mid_R 5 23 37
Supp_Motor_R 13 -1 70 SupraMarginal L =50 -34 26 ACC_sup_ R 10 22 27
Supp_Motor R 7 8 51 Precuneus_R 11 -39 50 Frontal Mid_2 R 26 50 27
Rolandic_Oper L —45 0 9 Frontal_Inf_Tri_R 48 22 10 Temporal Mid_L -56 -50 10
Frontal Inf Oper R 49 8 -1 Insula_R 36 22 3 Temporal_Sup_R 56 -46 11
Insula_L -34 3 4
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Frontoparietal Network (FPN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
Temporal_InfP_L -56 -45 =24 Precentral_R 47 10 33 Frontal_Mid_2_R 43 49 -2
Temporal Mid R 65 =24 -19 Precentral_L -41 6 33 Frontal_Inf Tri_ L 42 25 30
Temporal_Inf R 55 =31 -17 Frontal_ Mid_2_L 42 38 21 Frontal_Sup_Medial L -3 26 44
Frontal_Mid_2_R 34 38 -12 Frontal_ Mid_2_R 38 43 15 Precentral_R 42 0 47

Precuneus_L -7 =71 42 Parietal Inf R 49 -42 45 Frontal Mid_2 R 31 33 26
Precuneus_R 11 -66 42 Parietal_Inf_ R 44 -53 47 Insula_A_L =35 20 0
Precentral L 44 2 46 Frontal_Mid_2 R 32 14 56 Insula_R 34 16 -8
Frontal_Inf Tri_ R 48 25 27 Angular_ R 37 -65 40 Frontal_Sup_2 L -28 52 21
Frontal Inf Oper L -47 11 23 Parietal_Inf L 42 =55 45 ACC_sup_L 0 30 27
Parietal Inf L =53 -49 43 Frontal Mid 2 R 40 18 40 Frontal _Sup_2 R 31 56 14
Frontal Sup 2 L -23 11 64 Frontal_Mid_2 L -34 55 4 Frontal pole L -39 51 17
OFCant_R 24 45 -15 Frontal_Mid_2 L -42 45 -2 Cingulate_Mid_R 2 -24 30
Frontal_ Mid_2_R 34 54 -13
Default Mode Network (DMN)

Labels MNI coordinate Labels MNI coordinate Labels MNI coordinate
ParaHippocampal L =21 =22 -20 Frontal_Sup_Medial L -10 39 52 Temporal_Mid_L -58 =30 -4
ParaHippocampal_R 17 -28 -17 Frontal_Sup_2 L -16 29 53 Temporal_Mid_R 65 -31 -9
Frontal_Med_Orb_R 6 67 -4 Frontal Mid 2 L =35 20 51 Temporal_Mid_L -68 -41 -5

Rectus R 8 48 -15 Frontal_Sup_2 R 22 39 39 Frontal Sup_Medial R 13 30 59

Angular L -46 -61 21 Frontal_Sup_Medial R 13 55 38 ACC sup_ R 12 36 20
Temporal Pole Mid L -44 12 -34 Frontal Sup 2 L -10 55 39 Temporal Mid R 52 -2 -16

Temporal Mid_L -68 -23 -16 Frontal Sup 2 L =20 45 39 Temporal MidA R 52 7 =30
Temporal_Mid_L -58 -26 -15 Frontal_Sup_Medial R 6 54 16 Temporal MidA_L =53 3 =21
Insula_R 27 16 -17 Frontal Sup_Medial R 6 64 22 Angular R 47 =50 29
Angular L -4 65 35 ACC_pre_L -7 51 -1 Temporal_MidP_L -9 -4 1
Angular L -39 =75 44 Frontal_Sup_Medial R 9 54 3 Insula_L =31 19 -19
Precuneus_L -7 -55 27 Frontal_Med_Orb_L -3 44 -9 Cingulate_Post_L -2 -35 31
Precuneus_R 6 -59 35 Frontal_Med_Orb_R 8 42 -5 Frontal_Inf Orb_2 L -46 31 -13
PCC_L -11 =56 16 ACC _pre L -11 45 8 Supp_Motor_Area_L -10 11 67
Precuneus_L -3 -49 13 Frontal_Sup_Medial_L -2 38 36 Frontal_Inf Orb_2 R 49 35 -12
Cingulate_Post R 8 -48 31 ACC_pre L -3 42 16 SupraMarginal R 55 -45 37
Precuneus_R 15 -63 26 Frontal Sup 2 L -20 64 19 Temporal_Sup_R 54 43 22
Cingulate Mid L -2 -37 44 Frontal Sup Medial L -8 48 23 Temporal Mid R 51 -29 -4
Precuneus_R 11 =54 17 Temporal Mid R 65 -12 -19 Frontal_Inf_Tri_R 53 33 1
Angular R 52 -59 36 Temporal_Mid_L =56 -13 -10 Frontal_Inf Tri_L -49 25 -1
Frontal_Sup_2 R 23 33 48
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