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An event-related potential study of spatial working memory
deficits in college students with ADHD traits”

Kyoung-Mi Jang', Myung-Sun Kim'

'Sungshin Women’s University

This study investigated spatial working memory deficits in college students with attention-deficits/hyperactivity disorder (ADHD)
traits using event-related potentials (ERPs) and spatial 2-back task. Based on the scores of the Conners’ Adult ADHD Rating
Scale and Adult ADHD Self-Report Scale, ADHD-trait (n=31) and control (n=32) groups were selected. Participants were
required to determine whether a current stimulus was in the same location as the stimulus presented 2 trials earlier. The
ADHD-trait group showed significantly lower accuracy rate than the control group on the spatial 2-back task. In terms of ERPs,
the ADHD-trait group exhibited significantly longer N200 latency as well as significantly smaller P300 amplitudes than the
control group. The N200 and P300 components reflect the comparison of stimulus type, memory retrieval and memory updating,
respectively. Therefore, the present results indicate that college students with ADHD traits have difficulties in comparison of
relevant/irrelevant stimuli, memory retrieval and updating information in working memory. Results of this study further indicate

that college students with ADHD traits have neurophysiological dysfunction associated with spatial working memory.
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Folg AR/ P57 N (attention—deficit/hyperactivity Z|Z o] A<l ADHD 39| 2ZH¢] 7]<jo] we TS
disorder, ADHD)+= H5:9|, #Jq5/F64 59 ST &y =], ol &Y 7o)l A 75 5 &2 A9
oflzt Agl, A3} A 71 T2 ZRF A 715 @ Q1A J)sol F¥FS mIAA(Hervey, Epstein, & Curry,

Folop 7o Q17| 7159 At ¥yo] Q= ez By 2004; Mariani & Barkley, 1997; McCabe, Roediger,
%=1 QJoh(American Psychiatric Association [APA], 2013;  McDaniel, Balota, & Hambrick, 2010), ADHD®] tj&x3
Brown, Reichel, & Quinlan, 2009 Seo, 2012). 53] & ¢l 4 FFo0et PEiEo] oty HIH7| wjgolct
o= obs7]o] ADHD Zehe vhe kx5 5 oF 50-80%  (Gathercole et al.,, 2008; Kofler, Rapport, Bolden, Sarver,
7F A7leE Bae] 9 5T 22 AN S ALA & Raiker, 2010). 3+ 29 71919] &4fo] ADHD @2t
o7 Hols Zozg &A1l (Barkley, Murphy, & Fischer, ] 917, st 9 A}g]4 SFof o=zl zHot= Zo
2008; Kaplan & Stevens, 2002), %1 ADHD 2#pe] 59} 2 Hiwal Qlck(Barkley, 2006). 2ty 7192 A€ A
2ol A 9] ojyg, A W AE A #4 5ol Bl HE #H x F¢F dAHCE mA|(maintenance)Stal FA
=HA A9l ADHDo tigh 4ol 7=l QItHAPA,  (manipulation)ol= #|A 2 (Baddeley, 2003; 2007), ¥1o] A
2013; Spencer, Biederman, & Mick, 2007). HO] Aol Tooh= 32 FX(phonological loop), A2+

* 2 A7k 20164 AAelAdekm shaATERH Ao olstel ATHLL,
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27 AEO Ao fofshe AlETt 717 (visuospatial
sketchpad)¥} K O] Fot B F9 difo| Pofsl= FY
Y7 (central  executive)2 T HTHBaddeley, 2007;
Baddeley & Hitch, 1974). 44%1 ADHD #ahto] 3¢, 2
2 7o % B AuE Aok B2 A4 S0l e
721 glgo] HlwA dEA HiEI §ltk(Bollmann
et al, 2017; Dowson et al, 2004; Kim, Liu, Glizer,
Tannock, & Woltering, 2014; Mattfeld et al., 2015). &%
o] @A|7kA] ADHD®] ZIehAQl A=t 3|2 (biological
marker)= HIEZ] QYOUHAPA, 2013), ¥F A=A
7 2 719 o] Adto] ADHD 19| A7t FA=qt
oflel oty I HAW, A9l ADHD s RFoA, =
Aol Aagle] Blwa A=A o wet 3 A
71919l ZAgto] ADHDO] WA HEA@H (endophenotype)o] &
H2 3353 Qlck(Barkley, 1997; Bedard et al., 2014;
Castellanos & Tannock, 2002; van Ewijk et al., 2014).
oty ¥ HAawW, A2l ADHD $Htg ez 37t &
Y 7193} ADHD 34 719 HaAdE ZARE 487 A9 o
Se ADHD 24 37 291 719l el 4:90] A=
HaAEo] Q23S Hystal QIth(Elisa, Balaguer—Ballester, &
Parris, 20165 Rogers, Hwang, Toplak, Weiss, & Tannock,
2011; Tillman, Eninger, Forssman, & Bohlin, 2011). &
Eol, 47 dFE2 ofF ¥ 4 ADHD exte| =5
o 719 3] % Aold] gelat 24
o] 9122 HsIHtHRogers et al., 2011; Tillman et
, ADHD $htolA &2 F59 ST W2

o 19
o]\
o
i)
o
)
o

=3
N
(@]
=t
=
N

o] A, 3 A 7101& ZAske Corsi Block
Ale] whg g at S5 ST ol B Aol
ZE91Y, ADHD A4} Corsi Block IHA| £afo] et
ALY At F54 S0l Corsi Block A9 43S
o5t o =stArh(Elisa et al., 2016). ©o]e} Zo] &

B

r? do o

71919 ZAgte] ADHD alolld JEA] Bue wgt
Yzl ADHD®] YAHugge] 5 3 Fa <17 2% F of

U= Aljbe] 1 giA]gt, ADHDS] 37t &4 719 Ak 4l
AT FA= ofx] & olsjE] 9k lthBarkley, 1997;
Bedard et al., 2014; Castellanos & Tannock, 2002; van
Ewijk et al., 2014).

249 71919] rte] de] AMEEE nback TAlE o]
9 27 &Y 7)Y BHEE 24T 4 91, 3 5%
o) wxmt opel, H4sHupdating B 2% A2
Aoz d#x 9IrHColzato,

o

-

C

i

Jongkees, Sellaro, & Hommel, 2013; Jacola et al., 2014;
Kane, & Colflesh, 2007;
McMillan, Laird, & Bullmore, 2005; Stroux et al., 2016).
%, nback Tl ApFo] A& 0w AAEL, A A
AE= 2ol B A3(n AlRY) Aol AXE A= FLG
A &2 FYokA] F2AE Hlwst wHSh= Zlo] 87
 o]E 9ol EU§lel A=E Al ofof hr(Ecker,
Lewandowsky, Oberauer, & Chee, 2010; Owen et al.,
2005). N-back MAIE ARgstol 4491 ADHD &2t 2 4
Fe] A 719E ZARE A= 49 ADHD A
% Aol A E Al v frolstA 11 vk AlZF e
de AgES BHYS Hisky QlthBayerl et al, 2010;
Ehlis, Bihne, Jacob, Herrmann, & Fallgatter, 2008; Kim
et al, 2014: Kim & Kim, 2016; Lis et al., 2010;
Missonnier et al., 2013).

71524718 G4 (functional  magnetic
imaging: fMRD¥} 22 & Q4 7IH& AMgSto] 33t 2
719& ZARE A9 AAE2 3 A 719 A £
Sob wjel= MATE u&(dorsolateral prefrontal cortex),

5= T4 uH(posterior parietal cortex), A oA

Conway, Miura, Owen,

il

resonance

(anterior cingulate cortex) @ -5 I (premotor cortex)
o] Solq ¥ BASPE 27482 BTk UrkBollmann
et al., 2017; Dores et al., 2017; Ko et al., 2013; Owen
et al, 2005). ¥ 94 7I¥& AHgsto] 4491 ADHD 2Hte]
S0 &Y 7192 2ARE 9971wl EEAT, IMRIE
AHESte] B A 719S AR Ko 5(2013)2 A<
ADHD gatgto]  AAFEAlTel Hsf Hzes 99
(supplementary motor area)o|X oMl S71HE A=
we PSR, of Gele 7 slele] HHslo] Dol
She= Aoz 4#A Qlrt E3t Bollmann 5(2017)2 H%-

Az 99, BF4

(hippocampus)ol A A9l ADHD #Ajsto] HAFE ARt H]

o 7AaE FA5E HYe Husiyrh o2lg Auts A9l

ADHD gzpto] £3F 2k¢f 7]9fell #ofste dF-F4 4

9] 7154 Ak 7HA L QlE& AAKRITH

T3 AR Ad dAF9E2 SRt AIRE s E(temporal
£ 7HA1 §lol ARt Zdtel] e Q1A] 7159 ¢

88 AP 9 (event—related  potentials;
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s A" N200 FA7](Keage et al, 2008),
N200 #=(Keage et al, 2008; Stroux et al., 2016) %
P300 #1=(Keage et al, 2008; Kim et al., 2014; Kim &
Kim, 2016)& X¢& Histgeh 29 7]oellA e
AT N200 84 (component)= oo AAH 2=
I @A AN EE AFe] FYA] 52 dEAE Sklskr
Hlwshs e figsts Aoz A e & (Daffner
et al., 2011; Folstein & van Petten, 2008), P300 Q4+
A== ZA=o] n Al el AAE A= dA|sh=A] &
< =94 sh=AlE ok Kok, 2001), 719 #4ls9)
T4 (Donchin & Coles, 1988), F2o] AY9] S HGevins,
Smith, McEvoy, & Yu, 1997; Kim et al., 2014) & 4t
Gol= Aoz delx Sty ADHD SaftolA IE=
N200, P3009] o2 ADHD $Hajto] #¢] 7]9jef Hagh
FAAG A=) BRETE ofy2K(Stroux et al,, 2016) HH
o] #Al5HKeage et al, 2008), o 2AHYe] FFHKim et
al,, 2014)] of2i3& 7HA Y5& AASH ADHDE| 2
A 719 Follo] AR A Z1Alel it ARE 7 At
th. skARE ADHD $<t, 53] 449l ADHD &22e] &
F AR 719E ARIBRAARNE ARt 2ARE A= of
| Haw] ok Qi

3¢l ADHDolA #E= ot 38 9 ofE 589
97, 49 79 % Az Fe
(heterogeneous) Aoz ols] Aol ADHDE ZHdsh=d]
o]7-&o] 91 (Cubillo & Rubia, 2010; Mostert et al.,
2015), ol&gt agle 2 Qlste] HILTAR] A4 At &
29 & 9ol A= gIrkCubillo & Rubia, 2010). ©]
of w2} ADHD 2Rt fARE 24 Fe 28ds ©
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(Cocchi et al., 2012; Cubillo & Rubia, 2010; Liu, Glizer,
Tannock, & Woltering, 2016). T3t Z|tol= ADHDO] A
AEE Sl met gt fRste WA g2 Ho
£ 294 HZ(dimensional approach)2& olsf|ste = Aot
o] 9lth(Hudziak, Achenbach, Althoff, & Pine, 2007;
Martin, Hamshere, Stergiakouli, O’Donovan, & Thapar,
2014). &, A4 17 (general population)ol= ADHD -4
QA o), HAE U FFA] 250 A& 2
Eglon paso 9lm, olale F49 SAL A1 A0
oz Hol 7fQle] ADHD kalte] sfigatcta AQte
(Martin et al., 2014). ole] we} o] ofz] ALEA]
ADHD®| 71 £4< ]85t ADHD £74°] == %

k)

. £& J

Mo

ARlEe] A 2 A7 7150l folgt &
Overton, & Stafford, 2017a; 2017b; Polner, Aichert,
Macare, Costa, & Ettinger, 2015). H-%o] Ui Aef o4
=4 ADHD Ad%e] &2 7ilse] ADHD s o2
AET fARE Q17 7159 Akl 'k A 2 7H
AL, #4719 $)& Belo] BuEY Q11 (Kim & Kim,
2016; Polner et al, 2015), o]&|gt <1z Agto] & 7]5<]
zfolep 22 ARA Z1Ael ofsl wgE 4 o] At
qlom, olo] w2} ADHD @A=*3 ADHD Agto] fAF
g Ats Hol= 7159 AFTA 7AE AR Faido]

Q7% 1 tHPanagiotidi et al., 2018).
ADHD 43| &2 Adele tides 33+ 29 7195
o

ZARE A= =9] ARtEY] AT, Jangd}t Kim(2015)-2

42l

57t Z(spatial span) AAFE AHAISH A3t A9l ADHD 4

ol FEAIT Hlel foo =2 eRG4E HYS

st olgjst Axb= A9l ADHD A&to]l 37+ %

o 7199 Zdeke AL QIS AARRITE mebd 2

oM ADHD A3 7 e thidez ol59] &
=1

A
Tt A 7190e] Aeke ARIEAAAL n-back A

Esﬁ
[e)

ot 112} 5tk &, A9l ADHD AolA TEEE
7E 2] 7]ele] Agto] 2 7lolat ¥l Qe AiwEA

o,

N2002 P300 840 WY=H=AE Lozt shal
3], 37 A 7190] ADHDO] WA EFFe SR =2
T Q7] WiRo] A9l ADHD Adtel 37 &Y 7]
7188 ZAFE 59l ADHD S

rEJSLHEJSZi;EI_J,LjBOI:ImS
O—le
|
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=
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HCH e

Tl a7 digke] A FQl g 8008 tide=
¥ 7I9t Conners' Adult ADHD Rating Scales—¢h=r%
(CAARS-K, Kim, Lee, Cho, Lee, & Kim, 20053} AJ¢l
ADHD Z7|H3 AL (Adult ADHD Self-Report Scale;
ASRS, Adler, Kessler, & Spencer, 2003)5 AAJ5l3ict. 4=
A A=E F ADHD §hg H|YEA 2|37} 8olidjl At=
=S5 AeJet 728WS Hlgo® CAARS-KO| d9jd= F
Shbel ADHD 2|4=9] TS 653 olidel &Alel ASRSS]
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part AollA] 43 o4, ASRS FHo] 244 olide sfidsh=
792 ADHD A&FL(n=31; &7, o:24)0=2 MAsrt
ASRS 141:,_9] part A7]- 37(4 o]s]. 5‘37(40] 167‘4 o]a]-o]“r
CAARS-K9] ADHD 247} 3+9] 10%(THA4% 3734 ©]sha
ot e ALEAT(=32; B4, ofi18)e2 AF
stanh #AE ZAmE 5 WS HIYTAY A8t 8ol A
=5 AR 728% % ADHD A& 7lel Faet 68
3, @*}%Zﬂ; 7lf<>ﬂ Foket 599 o] A=t 687

otel 55 Alefsto] 4*7‘40 317go] EAol| 2ty
ESE 5179 AT e B FEgol(8%), A=
4 o] ARTY=E <
A2l o]go] FAo] matE
= AlQlot] HFH oz 3270 B ZFE Tt
CAARSE 73t Conners 5(1999)2 Hn] 299l 4
52 o= ‘?l o= " e® ADHD 749 TH
<1 ADHD 2+ 7FsAol sl
ATkl AQtetgion, o] e AR
S ADHD A%9] T34 6552 <1 ADHD /a2
At HAe=2 AFSSFAtHChang & Kwak, 2007; Jang &
Kim, 2015; Kim & Kim, 2016). X%t ASRSS] 7%,
ADHD 372 7F & A50h= 62 (part A)ollA] 47 o]

fol

o, >

lo X 2

654 o13d 4

l"_l(.)u >‘_\|]-1 ‘D’ O_u

o

2 g 4

F Ee Aol 244 ol %% ADHDE 7hsAdel mi¢-
=2 Ae 9 ]O}E}(Kessler et al., 2005). ADHD &<
ZARGH olg] A AFES] 749 ADHD FA4RS Hdsiss
shtel HmE ARgst s FESFAATHKIm, Kwak,

& Chang, 2010; Lee, Chang, & Kwak, 2016; Panagiotidi
et al, 2018), =Hleld= AelE dider & &0l {7
“H—col] 2 AFeMe @4 7 de] AMEE Hx T Ut
AE Agsio] £ AT FEE FA0 BEsis Ae
ADHD @02 st

BE A3 RIS AAR e, AlAASE oFE @ ¢

35 5ol wee n 94 gete AL A8
’o‘H Fxok= oAAF A (Structured  Clinical Interview  for
DSM-TV-Non Patient: SCID-NP, First, Spitzer, Gibbon,
& Williams, 1996) AAsHoiHt. Eot b= g2 49l
4 25AAHKorean Wechsler Adult Intelligence Scale;
K-WAIS, Yum, Park, Oh, Kim, & Lee, 1992) ©@=%(Lee
& Kim, 1995; Silverstein, 1989)2 AA|5te] 25245 F
otglon, eE&gtogtsy AT thidel Zgelltt AT

HJ

4
4

49l ADHDAH =

Adult ADHD Self-Report Scale-v1.1(ASRS-v1.1) Symptom
Checklist. ASRSE 419l ADHD AEE Hrisk= A7|HA
& TFo|tt. DSM-IV-TRE] 187} ADHD HHHEZ (-4
Hog HAsHY ZFHL 0-72402 o|Fojzck(Adler et
al., 2003). 1871¢] 23 5 ADHD 342 7P & o=st
+ part A7) 232t 11 UHA] part B(127] 2= 4
&o] Ql3l, part A7} B9 F4E, part B BJ¥E 5
de 2Eet Qlth 2 AFolA+ Kim, Lee, 121
Joung(2013)0] ket gh=fyto] AREE|Q]TE.

Conners’ Adult ADHD Rating Scale—gH=3HCAARS-K).
CAARS-K+= A9l ADHD ALEE H7lsk= 66719 3o
2 F4E A7E1y Zolck(Conners et al., 1999). $4

o 01983010, 4710] AAEEEeL T, AT 22
SE-AAA B8, AI70E), 1719 ADHD 2% &
T(ADHD e Aig 7P 2 WEsles Aow
Hye Bk= ) DSM-IVY SAAE 27h(FF9], 7o)/
T THe SRR FAdEf Qirh 2

Aol A= Kim T(ZOOS)O] ARl =S A8-SHSITY
Als BA
= d&8 AR SAAKorean  Wechsler  Adult

Intelligence Scale; K-WAIS). @+ #ojzs9] 25 24
E 5] gste] K-WAIS(Yum et al.,, 1992)9] 117] &
HAbs T offl, 2R w571, A, B AT 284 2
dole d5Y AsHAE AASHTHLee & Kim, 1995;
Silverstein, 1989).

EH &

3% Z-back A 7 A 7199 4ol F1F n-back
WA AHESEITE N-back WAl ohdRt 9] dol=
©f: 0, 1, 2, 3 load)g 24T 4 et 2 A7olre o
o ARAFS] Aol EAs 2-back £URES AMESH

Atk =, 0, 1 load 2749 AL EA 2A0R AF AR
HA% YR 4 dolkg £ H4E W A% aipl

HYE Q17,3 load 249 A% &2 Wolr g Qg ¢

2} BAberror variance) Q2 AF|Lr} e Aoz H Q)
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tHHur, lordan, Dolcos, & Berenbaum, 2017; Jaeggi,
Buschkuehl, Perrig, & Meier, 2010). =3t ADHD gk}t
= WHLe=E nback FAE ARESHO] 2} 719S ZARE
AR A AFEolA FE 9 2 0, 1-back £
DA AT T Aok BT g W, B 520
Z2(e: 2, 3-back Z7)ollA ADHD 2Atto] el
of Hlgf] e oS Helo] IEITHCubillo et al,
2014; Kobel et al., 2009; Mattfeld et al., 2015). o]of wt
ot & A= 2back ZAWE ARESle] ADHD A

N

T AgEARS Bkt dde £ 7 2, £ 9
A ANEE A2 427 2 AlF Aol AR A2 9
)¢} 53t Uz 2AT FUotA] e BEAdx] zA0R L

*—ﬂgi A=

ARl A AFo2 3 x 3 Lipo] w1l
Y B2o] AAHD. £ 360AH(LH] =

=
Bz zHo] 10%)E T E=Eo02 o] AAGIT T
x4 L

Aee AR AARH. FofAelAl 4] z3ele
7heet & w2l JEsH] HES =9 Wetke i =

A| 2= HEESHA] = Ao a7H Tk

~back IA] Q] E-Prime version 1.2
(Psychology Software Tools, Inc) Z2IH-E AE-ote] AA|
St AT dAtel myE 7te] AZle 80cmel™ =9
371 7.5em X 7.5mCZ, visual angle> 4.0° x 4.0° &
2 5i9th. BE =S AFH e S 500ms oF
AAEATE A= A A AL IF o= AREACH)7E
1500ms &9+ Webds, 2= AA] & A2 SpH(blank)o]

-1 0
Z_I—C

2-back (incongruent condition)

l -

siEees

n Stimulus 500ms

Blank 500ms

2-back (congruent condition)

Fixation 1500ms

Figure 1. Example of presented stimuli (congruent and
incongruent condition) and procedure of stimulus presentation

500ms ok AAEIGE £ 4@ g 270] wE AN
o 90 AY A ojsh B A% AP WAk,

AiTMelo] 24

k= Net Amp 300(Electrical Geodesics, Inc)¥ E-prime
version 1.2(Psychology software Tools, Inc)& AHg&ste] 4
An} e Ao] 2ol ABAGN ZRect. vk
64 AL AHgalel ZAelsten] Kk 23 A, 79l
(reference)= Cz= o}, Z+ ZHE9] impedance= 50KQ
o5tS RAISFATHTucker, 1993). “mh= 250Hzo] HEE
(sampling rate)2 0.1~100Hz bandpass2 d&&o= =4
st9om, ZHH = 0.1~30Hz bandpassZ digital
filteringst3ith. Aol B & d&4or S4H HuE
A= AIAL 100ms HFE A= AA] S 900ms7H4], = 1000
ms epoch_‘li FEST & Zdre]l Wl e Aolyl Zko zk
Hartifac)E AAsH] flote] SAHE WHoprb £704V (peak
de Ae 1 A3S 2T 244 ALdst
A, Hus 7 2GR 209 292 27)e o &
2, Hd3Haveraging) okt EH EAA AH-7]EH
(re—reference)-> AA| M=o F<l =
ARESHATE. APATRAARNANA AR 7 RED A A=
B4 ¥ At =& 2 4 Sitke AlRHHuffmeijer,
Bakermans—Kranenburg, Alink, & van Ijzendoorn, 2014)
of wref Ao o] AJF 47k 307 ofskel At Froizt
+ ZFEA A=, EAo ZotH /‘Tsﬁ T E

)J

to peak)E

E

%

average reference

(oL
Aol B 271137022 A8 79.887), ELA AlSY:
191.257)), ADHD Adkito] H+F 254357H( 12 Ay

704270, EL2] Al 184137 = ek 7ho
7b TEER] FATHA61)=1.01, p=.318).

Bl Aol

Az 24
ADHD A% B sATe] AF-gAsH] el ASRS
9 CAARS HEE
r—test)= AHg5to]

HT

2 ~7#74(independent sampl
Ak T 2-back TAS] 2
2] ZAd9 W& one—way analysis of variance
(ANOVA)E EAst3l, vhg AeE9] 4= 24
A HAFEA(ANOVA mixed design)o] AHEESITH 2=
ZA(EAe ELA] 27 gAY QA (within—subject
factor) 02, HFAHAAEAT ADHD A2 A
4 %l(between—subject factor) 22 s}3IT}.

AATES] Bl 92 2 2YA] oA Aut

-

So] ZEIT. 24T ARIwEAY g4 AR 99

L)
=

M g
ol
el

>
N

32
Kl orlo
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(time window)®] A4 92 9 EU2] 209 M4 3
o APATE A Y (grand averaged ERP)&} 2+ - ozt
AABAAS] ool AT N2002 A= AA &
180~300msolA #H&d 7MY & 74 ] (negative
potentia)E Fi= HH(peak) 22 AoJ5t3 1, P3002 A=
A & 280~430msollA e 7 & B4 ALl (positive
potentia)E T AHOR Aot BAe xel= A
= Hoe AF-Fd-FHIA(F3, Fz, F4, FC3, FCz, FC4,
C3, Cz, C4, P3, Pz, P4Hollt}. N200=}+ P3009] 7% &
A7 A4 EFEA HFEA(ANOVA mixed design)
o5 FAstglon, Ay aQle 27(dA

W A= Ao, At 8992 HAH(LEAL

1=}
LXY

=94 £

7 ADHD A3Fdolgith. 242e] 3745 2] 2ui=

olste] A 7ol uilE A9 Greenhous—Geisser

correctione -85}tk

rek

DHD 4grze] A7EAs E4e B4

Bl
fijo
B

237} Table 1] 71450 Yok A4HEAZ3 ADHD 4

Fte A", A61)=.59, p=560, WA, A61)=-.40,
=692, 5 A5, d61)=75, p=454, SIAl $olgt Aol7t &
gltk. ¥ 49 ADHD HEolde e 7 §oIg Aolst
VALY, Z YFADA )5 ADHD HaFol £9]
St o =2 ASRS part A F, d61)=—24.36, p<.001, &

A, £61)=-26.32, p<.001, CAARS?] &}9]3= % ADHD
T 7P & Wdsts Ze® BuxE= ADHD 74 A
4, {61)=-34.23, p<001, DSM-IV HFo] ZFAF A4

A61)=-21.52, p(.001, DSM-IV #Ja5/354 24 A
% d61)=-10.39, p<.001, & Rk

b

7t 2-back TA|e| HE iz B2M
A=A ADHD A%

o o ox 0

3 Az
s8] Table 201 AAEl0] et 97 279
=)

o =
85

i)
e
)
Jo
lo,
r
R
(e}
N
N,
r
M

y T

1,61)=2.91, p=.090. ¥
o 7t AsAg @w, A161)=5.02, p05, A
1,61)=5.54, p<.05, A= 24, K1,61)=61.74, p¢.001, 9|
B PEEGY &, 94X 2PA 9 vkE AehE|

N ooy

Table 1. Demographic characteristics of control and ADHD-trait groups

Control group (7=32)

ADHD-~trait group (7=31)

Mean (SD) Mean (SD) e
Age (1) 21.78 (2.04) 21.48 (1.98) ¢ =59
Gender (male:female) 14:18 7:24 x’ =318
Educational level (yr) 14.69 (1.23) 14.81 (1.14) t=-40
1Q 114.88 (9.06) 113.16 (8.99) t=.75
ASRS
Part A .56 (.72) 4.65 (.61) t = =2436%**
Total points 11.78 (3.82) 44.19 (5.79) t = -2632%**
CAARS
ADHD index 3.56 (1.722) 22.94 (2.68) t = —34.23%**
DSM-1V inattention 1.34 (1.29) 16.97 (3.89) r=-21.52%**
DSM-IV hyperactivity/impulslvity 2.41 (1.60) 12.81 (5.43) t =-10.39***

ASRS, Adult ADHD Self-report Scale; CAARS, Conners’ Adult ADHD Rating Scale; DSM~-IV, Diagnostic and statistical manual of

mental disorders (4th ed); IQ, Intelligence quotient (Vocabulary, Picture Arrangement, Arithmetic, Block Design); x” ,

Standard deviation.

chi-square; SD,

ASRS Part A: Part A(six items of 18 questions) are particularly useful for evaluating ADHD symptoms, and those with scores >4 on

part A are highly likely to be diagnosed with ADHD.

ASRS Total points: Total scores »24 on the ASRS are associated with high possibility of meeting criteria for ADHD.
CAARS ADHD index: ADHD index consisting of items that distinguish between ADHD patients and normal controls.

%% (001
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Table 2. Mean response times and accuracies on the spatial 2-back task in control and ADHD-trait groups

Control group (7=32) ADHD~trait group (7=31) F
congruent incongruent congruent incongruent congruent incongruent
Response time (ms) 44305 47647 291
(65.70) (88.53)
Accuracy () 90.28 99.47 82.65 99.16 531 L6
(8.79) (72) (16.49) (1.16)
() Standard deviation
*p<05
=47 7MY Hhg AeHERG ool Wk, A oF BEEA skt umA] FC3, FC4, Cz, C3 Ad9
Al Hls) ADHD Ad@tol frofstAl o Y2 ¥he A Af, &A1 22 Hls) 2292 24004 o A2 N200 J
SEo Hlth T 24 Uolld e 7+ Apolg gelstal Fol wE It
A RS AARE A, ADHD Adtol 45l N200 A7) A, e Favrh gEEglon,

H1,61)=1.62, p=.208.

32t 2-back ZHA|2] ArABHMe] 24

Figure 2= A5ATs ADHD Adtols e 44
203 242 24, F 200 Ao|(FAxU-ELA] =

A5 (Fz), AFTLEC
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=
- <

FTL(Cr), TPz FGollA A
Zolth. N2009| o HE2 B eAT2 ADHD ok
R A5 oA IEEN, P300S Hd =2 FA
SATY ADHD At 2% F4 oA =g
Figure 32 942 9 292 274 N2002}+ P3002] Az
HHHY] EXL(topological distribution)& HojZct. P3002]
3%, AdSAE ADHD At 25 Y] 2] H]
of g2 7oA o & A HYom(E9] Pz, B4
ATl ADHD gkl vlef o & 243t Hoirh

N200. N200 #=g EAg 2y}
=690, A= 27, K1,61)=3.42, p=.069, |4 F2lt 2}
ol WAEA] Fokth Wi 2= 2 M= $9A] 7
AoA-g ), R8488)=13.59, pC001, AF A9 Fa
W7} PHREQIT), H8,488)=46.98, p 001, &, A= 9|9
A9 FzolA 7P 2 AE(-2.351)0] TEEH v, C4ol|A
7F 22 AE(3Tw)0] WAL F2 Ade] A, o
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o]
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)
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i

-
1

{
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FA1,61)=8.81, p<.01, ADHD Agzo] AAEA ol Ha]
FolotAl 71 N200 718 HSirk old HEoA = &
A3 A= 917 7] AdoA-g Jah, H8,488)=4.76, p<.001,
A= A9 FaIpF WEE, A8,488)=3.10, p< 0L
Cz AdolA 71 we 7A71(213.01ms), C3lA 7P =
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S, 4z A H| BYx] 2ANA © =7 N200 A
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= A3 A= 9%, H11,671)=6.87, p{.001, 7+e] A5z
& art BEEY w3 A= 271, A1,61)=23.88,
p<.001, 9], A11,671)=85.16, p<.001, et
A1,61)=23.54, p<.001, oAl §-2Jgk zfol7} T, F,
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Figure 2. Grand averaged waveforms of congruent, incongruent, and the difference (congruent minus incongruent)
conditions in control and ADHD-trait groups. Shaded regions represent the analysis window of the P300 component
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Table 3. Mean N200 amplitudes and latencies in control and ADHD-trait groups

Control group (7=32)

ADHD~trait group (7=31)

site

congruent incongruent congruent incongruent
F3 2,09 (1.72) 191 (2.25) 2,50 (1.65) ~2.03 (1.54)
Fz 2,01 (1.97) 281 (2.35) 2,07 (1.53) ~2.50 (1.85)
F4 ~1.93 (2.00) 191 (1.98) 173 (1.68) ~1.91 (1.49)
FC3 137 (1.73) 73 (2.03) -165 (1.37) ~75 (1.48)
am? 13)11 de FCz -97 (2.39) 124 (2.72) -1.80 (2.18) 179 (2.12)
! FC4 -26 (2.10) 08 (2.15) 75 (1.67) - 43 (1.56)
C3 61 (1.43) 26 (1.89) ~.53 (1.70) 55 (1.39)
C 20 (2.82) 35 (3.08) -39 2.57) 31 2.43)
4 33 (2.09) 27 (1.9D) 33 (1.73) 56 (1.57)
F3 216,06 (17.42) 203.66 (21.55) 226,07 (19.46) 229.94 (17.61)
Fz 213.22 (31.62) 218,75 (20.61) 221.16 (23.65) 227.10 (21.31)
F4 215.63 (21.32) 204.56 (27.13) 223.10 (22.90) 231.42 (23.04)
FC3 219.38 (20.07) 220.13 (20.46) 22694 (17.53) 227.90 (19.71)
latency
o FC; 212,91 (19.57) 220,25 (19.52) 220.58 (21.99) 227,23 (19.53)
FC4 215.25 (21.59) 212,42 (44.82) 229.03 (26.47) 231,10 (28.52)
C3 216,97 (22.38) 213.88 (22.70) 242,07 (23.39) 208,13 (23.97)
Cz 208.56 (15.96) 209.13 (16.26) 216,42 (15.57) 217.94 (15.93)
C4 215.75 (22.67) 219.31 (28.17) 229.32 (22.59) 222,94 (22.91)

() Standard deviation

uV)Oﬂ Hls 4z 24 (F+t

ADHD A3=+e] 24 3t zto] Hot folotA o & Zo&
AL, 461)=2.07, p05. AZ A9} Hd 7+e] Ao
28 @it A9 FC3, FCz, FC4, C3, Cz, C4, P3, Pz, P4
AdollA ADHD Zdafato]l A/daAltel vlsl folotA &
A¥ P300 AZS HYgon, F3, Fz F4 o= A 7t
frofet apol7b BEER] it A= 2% M= 9F] 2
o] A5ag guto] AL Fz F4, FCz, FC4, Cz, C4, P3,
Pz, P4 AdollA £94] x7¢] Hlof dx] 274 © &
P300 AZo] ¥y wbA F3, FC3, C3 Aol & %
2 7ol o8t tol7h =] dotrh

P300 HA71e A%, HdelA felt Zpole BWEEA]
ore whH - H1,61)=246, p=.122, A= Z7A, Kl161)=
30.08, p<001, A= 9], H11,671)=10.29, p<.001, oA
TRt ztol7b TAESI &, U2 3o Hof ¥2] £

HolA o wE FA717F BEE

2 ZA7](346.39ms) 7} TEE vt
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o HAVE
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Table 4. Mean P300 amplitudes and latencies in control and ADHD-trait groups

site

Control group (7=32)

ADHD~trait group (7=31)

congruent incongruent congruent incongruent
F3 91 (2.70) 1.00 (2.28) 64 (1.77) 1.00 (2.83)
Fz 1.01 (3.17) -.03 (2.88) .39 (2.01) -.16 (2.56)
F4 2.56 (2.53) 1.74 (2.07) 1.78 (2.04) 1.16 (2.12)
FC3 3.83 (2.55) 3.59 (1.96) 1.86 (1.69) 2.13 (1.57)
FCz 5.14 (3.33) 3.61 (2.45) 2.19 (1.9D 1.67 (2.08)
amplitude FC4 5.87 (2.67) 4.26 (1.79) 3.15 (2.17) 2.59 (1.99)
(V) c3 5.28 (2.64) 4.68 (1.63) 3.05 (2.00) 3.03 (1.63)
Cz 7.82 (3.50) 5.87 (2.62) 3.96 (2.84) 3.29 (2.28)
Cc4 6.95 (2.67) 5.48 (1.97) 3.95 (2.55) 3.04 (1.84)
p3 7.29 (2.61) 5.79 (1.91) 4.97 (1.69) 4.33 (1.49)
Pz 8.04 (3.13) 6.41 (2.83) 5.38 (2.58) 4.51 (2.41)
P4 7.27 2.97) 5.99 (2.80) 4.96 (1.91) 4.22 (1.66)
F3 331.38 (19.78) 343.75 (22.08) 350.45 (24.43) 360.00 (30.36)
Fz 351.38 (19.06) 369.25 (24.39) 356.90 (16.29) 369.48 (23.40)
F4 355.88 (15.66) 373.31 (20.83) 351.36 (20.11) 363.10 (30.75)
FC3 360.88 (22.35) 364.00 (24.99) 364.90 (27.08) 367.48 (28.82)
FCz 355.75 (25.90) 360.69 (30.15) 357.68 (26.77) 359.36 (25.14)
latency FC4 363.50 (22.07) 370.50 (21.90) 362.07 (24.98) 373.03 (25.65)
(ms) c3 366.13 (20.42) 370.13 (21.70) 365.23 (20.96) 367.10 (20.60)
Cz 361.75 (26.63) 362.88 (21.63) 370.71 (17.39) 371.10 (21.16)
C4 365.63 (18.20) 371.00 (18.00) 371.74 (12.69) 378.45 (16.74)
p3 366.28 (21.08) 367.53 (17.40) 376.90 (20.02) 369.55 (19.88)
Pz 359.63 (19.93) 356.88 (17.35) 371.55 (20.78) 372.13 (21.60)
P4 357.88 (22.35) 364.38 (17.64) 368.13 (19.34) 368.65 (16.78)

(') Standard deviation

Table 5. Correlations between behavioral measures and ERP

components in all participants (n=63)

Accuracy of

ERP component Site spatial Zback task
Fz -.02

N200 latency Fez .01
Cz -.03
Fz -.01

P300 amplitude e '19
Cz .25 (.052)
Pz 30 *

() p value: *p<05
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o =30, p<0S. &, A ke
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r

r

HE GOg SEe
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Table 6. Correlations between ADHD symptoms and behavioral measures and ERP components in the ADHD-trait group (n=31)

ADHD symptoms

DSM-TV DSM-IV ADHD

Inattention Hyperactivity/impulsivity Index

Behavioral result Accuracy -.26 -.33 (07)

Fz .09 .08

N200 latency Fez -.03 -.09
Cz .00 -.24

Fz =25 -.26

P300 amplitude e - i
Cz -11 .08

Pz .02 .05

() p value
= 9| N200 &A718 EAth N2002 o]A

7t 2-back #AQ] S
6H ADHD Agko] 4z oM EAZ g {olgt &
o _

39 A
*1 v4‘6}7ﬂ e dkg Jeee Hyom, AEAT Hl
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=S HYh o
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2 g FAKim et al., 2014), 1] n-back T}A|(Keage
et al,, 2008; Kim & Kim, 2016) 5= A&stef ADHD 2
A EBe A &Y 719e AR d9Ee 59 F
7 H ST QoA AAEATel Hsl ADHD k- 9
Aol fos Z4d P300 =S HYS d¥EA H
sEgie: P3002 o] A9 g, A=) B 2 AH9
FAlgt 3y 5L FHYsts Aoz AWE1 lok(Donchin
& Coles, 1988; Kok, 2001; Polich, 2007;
Geerligs, Lorist, & Maurits, 2013). £5] 2t 719 A9
Y Al 2dA] 270l s A 2ol o 2 P300 A
Zo| WAE =Y (Crego et al., 2009; Kim & Kim, 2016;
Kim, Kwon, & Kim, 2004: Stroux et al, 2016), o]
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3 R
g HA Q1 Aol dutsta|z]7]of
2h 35 dof|A] E}%k?l AFe] ARl EolH A+
Arto] Jutsts FHS 4 9lE Aotk 4, ADHD 34
ol wet 917 7159 Zol7h Slgol HAEA Sl=t|
(Dinn, Robbins & Harris, 2001; Lockwood, Marcotte &
Stern, 2001), & Ato] Frofet At #7F A2 &
A2 ADHD 4328 o9l $9(@Ee, ¥4 949,
VWE/FEA SADI Al et TysA etk

Hepq 2% QoL BT ge APEellE giow
ADHD 3$14% 9 44 54¢ 978 Bayel gk
A, ADHD @Agold A% #2ss ¢
2

o

7t

o ¥
WE
e
r$
A=A

=
g2 ¥ ads0] AAT)El FFE "A
15 Itk (Seo, 2012; Weyandt, 2005). £
Aol Fogt AFAE Hder Fx3)
(SCID-NP)& AAIste] E¢t 2 712 Aofio]
FAT e 5] FASHE FSHaiHh E}a}’q s
ToME olet IRHE HEE AAste ¥
ADHD®] 37+ 29 719 Z3te] s EE} %:@' H
AT & e Aotk YA, n-back HAZF &Y 7]
ZAbohed Wi 87 Ao A AR A¢) 7199
oo mz2 3@ 22 QlE WAE BEe| FEste] A
71l Aot} gt 2-back AR Ao 4aYotr]
Aol A== g9 2= A5 7IYsioF sk ARt
AR A2 (temporal processing)7} Q@757|%= dict 2T
B AFLEoA A0 ADHD 22Ee] AIZF A ¥ E}Oﬂ o
st Agto] B3 Qltk(Fostick, 2017). wWahA §4%
ofMe & 7199 AHe GAE st Ay 719 9ol
A A S AL & e A Be 54 £
e Hebsto] Aot Hrop AlEstEar et 29 71
A2l o] digt FRE AT 4 e A= oA
AR, 2 deMe HEE ARstel ADHD 37d°] =
< e e R A7t o|Ro|F 7] diio] &% A
oA AR Feks B e v AFE A3
i 49l ADHDS] 33t &4 719 a%te] EA4e
=8 F7HEQl AEE Zﬂ:'o——aL 7/4\—0—E oAz AAA, &
bl

o

M
o
oy, U

:[o

[(

og f
-
10

to d
ok

o,
o
a:)
ot

F

o\
>

(o7

ro
ol

-

]o
OHH
>,
_?L
12 L
o o a g re

r
-+

H(source localization)™ ¥ YEYI EAX(brain network)
5= ARSI, 37 ZY 7199 A7 7)Aol

¥ 52
et gelela go] gl ARE AT 4 9L Aotk

References

Adler, L. A., Kessler, R. C., & Spencer, T. (2003). Adult
ADHD  Self-Report Scale-vl. 1 (ASRS-vI.
Checklist. New York, NY: World Health Organization.

1) Symptom

American Psychiatric Association. 2013. Diagnostic and statistical
manual of mental disorders, 5" edition(DSM-5). Washington,
DC: American Psychiatric Association Press.

Baddeley, A. D. (2007). Working memory, thought, and action.
New York: Oxford University Press.

Baddeley, A. D., & Hitch, G. (1974). Working memory. In G.
H. Bower (Ed.), The psychology of learning and motivation.
8, 47-89. New York: Academic Press.

Barkley, R. A. (1997). Behavioral inhibition, sustained attention,
and executive functions: Constructing a unifying theory of
ADHD. Psychological Bulletin, 121, 65-94.

Barkley, R. A. (2006). The relevance of the still lectures to
attention-deficit/hyperactivity disorder: a commentary. Journal
of Attention Disorders, 10, 137-140.

Barkley, R. A., Murphy, K., & Fischer, M. (Eds.). (2008). Adult
ADHD: What the science says. New York: Guilford Press.

Bayerl, M., Dielentheis, G., Gesierich, T,
Vogel, F., Fehr, C., Stoeter, P., Huss, M., & Konrad, A.

T. F., Vucurevic,

(2010). Disturbed brain activation during a working memory
task in drug-naive adult patients with ADHD. Neuroreport,
21, 442-446.

Bedard, A. C., Newcorn, J. H., Clerkin, S. M., Krone, B., Fan,
J., Halperin, J. M., & Schulz, K. P. (2014). Reduced
prefrontal efficiency for visuospatial working memory in
attention-deficit/hyperactivity ~ disorder.  Journal of the
American Academy of Child and Adolescent Psychiatry, 53,
1020-1030.

Bledowski, D., Hoechstetter, K., Scherg, M.,

Wibral, M., Goebel, R., & Linden, D. E. (2004). Localizing

C., Prvulovic,

P300 generators in visual target and distractor processing: A
combined event-related potential and functional magnetic
resonance imaging study. The Journal of Neuroscience, 24,
9353-9360.

Bollmann, S., Ghisleni, C., Poil, S. S., Martin, E., Ball, J.,
Eich-Hochli, D. Klaver, P., O'Gorman, R. L., Michels, L.,



The Korean Journal of Cognitive and Biological Psychology

& Brandeis, D. (2017).

changes in attention-deficit/hyperactivity disorder (ADHD)

Age-dependent and-independent

during spatial working memory performance. The World
Journal of Biological Psychiatry, 18, 279-290.

Brown, T. E., Reichel, P. C., & Quinlan, D. M. (2009).
Executive function impairments in high IQ adults with
ADHD. Journal of Attention Disorders, 13, 161-167.

Castellanos, F. X., & Tannock, R. (2002). Neuroscience of
attention-deficit/hyperactivity ~ disorder: The search for
endophenotypes. Nature Reviews Neuroscience, 3, 617-628.

Chang, M. S., & Kwak, H, W. (2007).
Sub-Clusters in Adults with ADHD Tendency: Depression,

Interpersonal Problems. The
Journal of Clinical Psychology, 26, 827-843

Cocchi, L., Bramati, I. E., Zalesky, A., Furukawa, E., Fontenelle,

L. F.,, Moll, J., ... & Mattos, P. (2012). Altered functional

Exploration fo

Self-Exteem and Korean

brain connectivity in a non-clinical sample of young adults
with attention-deficit/hyperactivity disorder. Neuroscience, 32,
17753-17761.

Colzato, L. S., Jongkees, B. J., Sellaro, R., & Hommel, B.
(2013). Working Memory Reloaded: Tyrosine Repletes
Updating in the N-Back Task. Frontiers in Behavioral
Neuroscience, 7, 200.

Conners, C. K., Erhardt, D., & Sparrow, E. P. (1999). Conners’
Adult ADHD rating scales: Technical manual. New York:
Multi-Health Systems.

Crego, A., Holguin, S. R., Parada, M., Mota, N., Corral, M., &
Cadaveira, F. (2009). Binge drinking affects attentional and
visual working memory processing in young university
students. Alcoholism, Clinical and Experimental Research,
33, 1870-1879.

Cubillo, A., & Rubia, K. (2010). Structural and functional brain
imaging in adult attention-deficit/hyperactivity —disorder.
Expert Review of Neurotherapeutics, 10, 603-620.

Cubillo, A., Smith, A. B., Barrett, N., Giampietro, V., Brammer,

A, & Rubia, K. (2014).

laterality effects on frontal lobe activation of atomoxetine

M., Simmons, Drug-specific

and methylphenidate in attention deficit hyperactivity

disorder boys during working memory. Psychological
Medicine, 44, 633-646.

Daffner, K. R., Chong, H., Sun, X., Tarbi, E. C., Riis, J. L.,
McGinnis, S. M., & Holcomb, P. J. (2011). Mechanisms
underlying age- and performance-related differences in

working memory. Journal of Cognitive Neuroscience, 23,

1298-1314.

Dinn, W. M., Robbins, N. C., & Harris, C. L. (2001). Adult
attention-deficit/hyperactivity ~disorder: Neuropsychological
correlates and clinical presentation. Brain and Cognition,
46(1-2), 114-121.

Donchin, E., & Coles, M. G. H. (1988). Is the P300 component
a manifestation of context updating?. Behavioral and Brain

Sciences, 11, 357-374.

Dores, A. R., Barbosa, F., Carvalho, I. P., Almeida, I.,
Guerreiro, S., da Rocha, B. M., ... & Castro Caldas, A.
(2017). Study of behavioural and neural bases of

visuo-spatial working memory with an fMRI paradigm based
on an n-back task. Journal of Neuropsychology, 11, 122-
134.

Dowson, J. H., McLean, A., Bazanis, E., Toone, B., Young, S.,
Robbins, T. W., & Sahakian, B. J. (2004). Impaired spatial
working memory in adults with attention-deficit/hyperactivity
disorder: Comparisons with performance in adults with
borderline personality disorder and in control subjects. Acta
Psychiatrica Scandinavica, 110, 45-54.

Ecker, U. K., Lewandowsky, S., Oberauer, K., & Chee, A. E.
(2010). The components of working memory updating: An
experimental decomposition and individual differences.
Journal of Experimental Psychology. Learning, Memory, and
Cognition, 36, 170-189.

Ehlis, A. C., Bahne, C. G., Jacob, C. P., Herrmann, M. J,, &
Fallgatter, A. J. (2008). Reduced lateral prefrontal activation
in adult patients with attention-deficit/hyperactivity disorder
(ADHD) during a working memory task: a functional
near-infrared  spectroscopy  (fNIRS)

Psychiatric Research, 42, 1060-1067.

Elisa, R. N., Balaguer-Ballester, E., & Parris, B. A. (2016).

study. Journal of

Inattention, working memory, and goal neglect in a
community sample. Frontiers in Psychology, 7, 1428.

First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W.
(1996).  Structured clinical interview for DSM-IV axis [
disorder. New York: New York State Psychiatric Institute.

Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive
control and mismatch on the N2 component of the ERP: A
review. Psychophysiology, 45, 152-170.

Fostick, L. (2017). The effect of attention-Deficit/Hyperactivity
disorder and methylphenidate treatment on the adult auditory
temporal order judgment threshold. Journal of Speech,

Language, and Hearing Research, 60, 2124-2128.

- 322 -



An event-related potential study of spatial working memory deficits in college students with ADHD traits

Gathercole, S. E., Alloway, T. P., Kirkwood, H. J., Elliott, J.
G., Holmes, J., & Hilton, K. A. (2008). Attentional and
executive function behaviours in children with poor working
memory. Learning and Individual Differences, 18, 214-223.

Gevins, A., Smith, M. E., McEvoy, L, & Yu, D. (1997).
High-resolution EEG mapping of cortical activation related
to working memory: Effects of task difficulty, type of
processing, and practice. Cerebral Cortex, 7, 374-385.

A. S, J.. N, & Cury, J. F. (2004).

Neuropsychology of adults with attention-deficit/hyperactivity

Hervey, Epstein,
disorder: A meta-analytic review. Neuropsychology, 18, 485-
503.

Hudziak, J, J., Achenbach, T, M., Althoff, R, R., & Pine, D.
S. (2007).
psychopathology. International Journal of Methods in
Psychiatric Research, 16(S1), S16-S23

Huffmeijer, R., Bakermans-Kranenburg, M. J., Alink, L. R., &
van Ijzendoorn, M. H. (2014). Reliability of event-related

A dimensional approach to developmental

potentials: The influence of number of trials and electrodes.
Physiology & Behavior, 130, 13-22.

Hur, J., Tordan, A. D., Dolcos, F., & Berenbaum, H. (2017).
Emotional influences on perception and working memory.
Cognition & Emotion, 31, 1294-1302.

Jacola, L. M., Willard, V. W., Ashford, J. M., Ogg, R. ],
Scoggins, M. A., Jones, M. M, .. & Conklin, H. M.
(2014). Clinical Utility of the N-back Task in Functional
Neuroimaging Studies of Working Memory. Journal of
Clinical and Experimental Neuropsychology, 36, 875-886.

Jaeggi, S. M., Buschkuehl, M., Perrig, W. J., & Meier, B.
(2010). The concurrent validity of the N-back task as a
working memory measure. Memory, 18, 394-412.

K. M., & Kim, M. S.

Jang, (2015). Neuropsychological

functions of college students with Attention-Deficit/
Hyperactivity Disorder (ADHD) traits. The Korean Journal
of Health Psychology, 20, 665-685.

Kane, M. J., Conway, A. R., Miura, T. K., & Colflesh, G. J.
(2007). Working memory, attention control, and the N-back
task: A question of construct validity. Journal of
Experimental Psychology, 33, 615-622.

Kaplan, R. F., & Stevens, M. (2002). A review of adult ADHD:
A neuropsychological and neuroimaging perspective. CNS
Spectrums, 7, 355-362.

Keage, H. A., Clark, C. R., Hermens, D. F., Williams, L. M.,

Kohn, M. R., Clarke, S., ... & Gordon, E. (2008). ERP

indices of working memory updating in AD/HD: Differential
aspects of development, subtype, and medication. Journal of
Clinical Neurophysiology, 25, 32-41.

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S.,
Hiripi, E., Howes, M. J., Jin, R., Secnik, K., Spencer, T.,
Ustun, T. B., & Walters, E. E. (2005). The World Health
Organization Adult ADHD Self-Report Scale (ASRS): a
short screening scale for use in the general population.
Psychological Medicine, 35, 245-256.

Kim, H., Lee, J, Cho, S., Lee, I. S., & Kim, J. H. (2005). A
Preliminary study on reliability and validity of the Conners
Adult ADHD Rating Scales-Korean version in college
students. The Korean Journal of Clinical Psychology, 24,
171-185.

Kim, J. H., Lee, E. H., & Joung, Y. S. (2013). The WHO adult
ADHD self-report scale: Reliability and validity of the
korean version. Psychiatry Investigation, 10, 41-46.

Kim, J. Y., Kwak, H. W, & Chang, M. S. (2010).
Relationships among depression anxiety and quality of sleep
in adults with ADHD tendency. The Korea Journal of
Counseling, 11, 75-89.

Kim, M, S., Kwon, J, S., & Kim, J, J. (2004). The
neurophysiological mechanism of working memory: an
event-related potential study. The Korean Journal of Clinical
Psychology, 23, 313-326.

Kim, S., & Kim, M. S. (2016). Deficits in verbal working

with attention-Deficit/

memory among college students

Hyperactivity disorder traits: An event-related potential
study. Clinical Psychopharmacology and Neuroscience, 14,
64-73.

Kim, S., Liu, Z., Glizer, D., Tannock, R., & Woltering, S.
(2014). Adult ADHD and working memory: Neural evidence
of impaired encoding.
1596-1603.

Ko, C. H, Yen, J. Y., Yen, C. F, Chen, C. S., Lin, W. C,,
Wang, P. W., & Liu, G. C. (2013). Brain activation deficit
in increased-load working memory tasks among adults with
ADHD using fMRI. European Archives of Psychiatry and
Clinical Neuroscience, 263, 561-573.

Kobel, M., Bechtel, N., Weber, P., Specht, K., Klarhofer, M.,
Scheffler, K., & Penner, I. K. (2009). Effects of

methylphenidate on working memory functioning in children

Clinical ~ Neurophysiology, 125,

with  attention  deficit/hyperactivity ~ disorder.

Journal of Paediatric Neurology, 13, 516-523.

European

- 323 -



The Korean Journal of Cognitive and Biological Psychology

Kofler, M. J., Rapport, M. D., Bolden, J., Sarver, D. E., &
Raiker, J. S. (2010). ADHD and working memory: the
impact of central executive deficits and exceeding
storage/rehearsal capacity on observed inattentive behavior.
Journal of Abnormal Child Psychology, 38, 149-161.

Kok, A. (2001). On the utility of P3 amplitude as a measure of
processing capacity. Psychophysiology, 38, 557-571.

Lee, S, I, Byoun, S, C., Chang, M, S., & Kwak, H, W. (2015).
Characteristics of post-error behavior in adult ADHD
tendency. The Korean Journal of Cognitive and Biological
Psychology, 27, 519-542.

Lee, S. 1, Chang, M. S., & Kwak, H. W. (2016). Performance
Characteristics on a Continuous Performance Test in
Malingered Adults ADHD Tendency. Korean Journal of
Clinical Psychology, 35, 411-433.

Lee, Y. S., & Kim, Z. S. (1995). Validity of short forms of the
Korean-Wechsler  Adult The Korean
Journal of Clinical Psychology, 14, 111-116.

Lis, S., Baer, N., Stein-en-Nosse, C., Gallhofer, B., Sammer, G.,

Intelligence  Scale.

& Kirsch, P. (2010). Objective measurement of motor

activity during cognitive performance in adults with
attention-deficit/hyperactivity ~ disorder.
Scandinavica, 122, 285-294.

Liu, Z. X., Glizer, D., Tannock, R., & Woltering, S. (2016).

EEG alpha power during maintenance of information in

Acta  Psychiatrica

working memory in adults with ADHD and its plasticity
due to working memory training: A randomized controlled
trial. Clinical Neurophysiology, 127, 1307-1320.
Lockwood, K. A., Marcotte, A. C., & Stern, C. (2001).
Differentiation of attention-deficit/hyperactivity —disorder
subtypes: Application of a neuropsychological model of
of  Clinical
Neuropsychology, 23, 317-330.
Lopez Zunini, R. A., Knoefel, F., Lord, C., Dzuali, F., Breau,

M., Sweet, L., & Taler, V. (2016).

attention.  Journal and  Experimental

Event-related
potentials elicited during working memory are altered in

mild cognitive impairment. International Journal of

Psychophysiology:  Official Journal of the International
Organization of Psychophysiology, 109, 1-8.

Luck, S. J. (Ed.). (2014). An intorduction to the event-related
potential technique (second ed.). MA: MIT press.

Mariani, M. A., & Barkley, R. A. (1997). Neuropsychological
and academic functioning in with

preschool  boys

attention deficit hyperactivity ~disorder. Developmental

Neuropsychology, 13, 111-129.

Martin, J., Hamshere, M, L., Stergiakouli, E., O'Donovan, M. C,,
& Thapar, A. (2014). Genetic risk for neurodevelopmental
traits in the general population. Biological Psychiatry, 76,
664-671.

Mattfeld, A. T., Whitfield-Gabrieli, S., Biederman, J., Spencer,
T., Brown, A., Fried, R, & Gabrieli, J. D. (2015).

impairments  and

Dissociation of working memory

attention-deficit/ brain.
Neurolmage Clinical, 10, 274-282.
McCabe, D. P., Roediger, H. L., McDaniel, M. A., Balota, D.

A., & Hambrick, D. Z. (2010). The Relationship Between

hyperactivity ~ disorder in the

Working Memory Capacity and Executive Functioning:
Evidence for a Common Executive Attention Construct.
Neuropsychology, 24, 222-243.

Missonnier, P., Hasler, R., Perroud, N., Herrmann, F. R., Millet,
P., Richiardi, J., ... & Baud, P. (2013). EEG anomalies in
adult ADHD subjects performing a working memory task.
Neuroscience, 241, 135-146.

Mostert, J. C., Onnink, A. M. H., Klein, M., Dammers, J.,
Harneit, A., Schulten, T., ... & Franke, B. (2015). Cognitive
heterogeneity in adult attention deficit/hyperactivity disorder:
A systematic analysis of neuropsychological measurements.
European Neuropsychopharmacology, 25, 2062-2074.

Nakao, Y., Kodabashi, A., Yarita, M., Fujimoto, T., & Tamura,
T. (2012). Temporal activities during P3 components on the
working memory-related brain regions: N-back ERP study.
In Proceedings of the IEEE-EMBS International Conference
on Biomedical and Health Informatics (pp. 424-427).

Owen, A. M., McMillan, K. M., Laird, A. R.,, & Bullmore, E.
(2005). N-back working memory paradigm: A meta-analysis
of normative functional neuroimaging studies. Human Brain
Mapping, 25, 46-59.

Panagiotidi, M., Overton, P., & Stafford, T. (2017a). Increased
microsaccade rate in individuals with ADHD traits. Journal
of Eye Movement Research, 10(1), 1-9.

& Stafford, T.

hyperactivity ~ disorder-like

Overton, P., (2017b).

traits  and

Panagiotidi, M.,
Attention-deficit
distractibility in the visual periphery. Perception, 46,
665-678.

Panagiotidi, M., Overton, P. G., & Stafford, T. (2018). The
relationship between ADHD traits and sensory sensitivity
in the general population. Comprehensive Psychiatry, 80,

179-185.

- 324 -



An event-related potential study of spatial working memory deficits in college students with ADHD traits

Polich, J. (2007). Updating P300: An integrative theory of P3a
and P3b. Clinical Neurophysiology, 118, 2128-2148.

Polich, J., & Kok, A. (1995).
determinants of P300: An integrative review. Biological
Psychology, 41, 103-146.

Polner, B., Aichert, D., Macare, C., Costa, A., & Ettinger, U.
(2015). Gently restless: association of ADHD-like traits with

inhibition and

Cognitive and biological

response interference control.  European
Archives of Psychiatry and Clinical Neuroscience, 265,
689-699.

Rogers, M., Hwang, H., Toplak, M., Weiss, M., & Tannock,
R. (2011). Inattention, working memory, and academic

attention

Child

referred  for

(ADHD).

achievement in  adolescents

deficit/hyperactivity disorder
Neuropsychology, 17, 444-458.

Rohrbaugh, J. W., Donchin, E., & Eriksen, C. W. (1974).
Decision making and the P300 component of the cortical
evoked response. Perception & Psychophysics, 15, 368-374.

Saliasi, E., Geerligs, L., Lorist, M. M., & Maurits, N. M.
(2013). The relationship between P3 amplitude and working
memory performance differs in young and older adults.
PLoS One, 8(5), e63701.

Sandra Kooij, J. J.,, Marije Boonstra, A., Swinkels, S. H.,
Bekker, E. M., de Noord, 1., & Buitelaar, J. K. (2008).
Reliability, validity, and utility of instruments for self-report
and informant report concerning symptoms of ADHD in
adult patients. Journal of Attention Disorders, 11, 445-458.

Seo, B, K. (2012). Executive function
deficit/hyperactivity (ADHD) disorder. The Korean Journal
of Psychology, 31, 301-321.

Silverstein, A. B. (1989). Agreement between a short form and

in adult attention

the full scale as a function of the correlation between them.
Journal of Clinical Psychology, 45, 929-931.
& Mick, E. (2007).

Attention-deficit/hyperactivity disorder: Diagnosis, lifespan,

Spencer, T. J., Biederman, I,

comorbidities,

psychology, 32, 631-642.

and neurobiology. Journal of pediatric

Strand, M. T., Hawk, L. W. Jr., Bubnik, M., Shiels, K., Pelham,
W. E. Jr., & Waxmonsky, J. G. (2012). Improving working
memory in children with attention-deficit/hyperactivity
disorder: The separate and combined effects of incentives
and stimulant medication. Journal of Abnormal Child
Psychology, 40, 1193-1207.

Stroux, D., Shushakova, A., Geburek-Hofer, A. J., Ohrmann,
P., Rist, F., & Pedersen, A. (2016). Deficient interference
control during working memory updating in adults with
ADHD: An eventrelated potential Clinical
Neurophysiology, 127, 452-463.

Sutton, S., & Ruchkin, D. S. (1984). The late positive complex.

study.

advances and new problems. Annals of the New York
Academy of Sciences, 425, 1-23.

Tillman, C., Eninger, L., Forssman, L., & Bohlin, G. (2011).
The relation between working memory components and
ADHD symptoms from a developmental perspective.
Developmental Neuropsychology, 36, 181-198.

Tucker, D. M. (1993). Spatial sampling of head electrical fields:
The geodesic sensor net.
Clinical Neurophysiology, 87, 154-163.

van Ewijk, H., Heslenfeld, D. J., Luman, M., Rommelse, N. N.,

Hartman, C. A., Hoekstra, P., et al. (2014). Visuospatial

Electroencephalography — and

working memory in ADHD patients, unaffected siblings, and
healthy controls.
369-378.

Journal of Attention Disorders, 18,

Weyandt, L. L. (2005). Neuropsychological performance in adults
with attention deficit hyperactivity disorder. In D. Gozal, &
D. L. Molfese (Eds.),
Disorder From Genes to Patients (pp. 457-486). Totowa,

Attention  Deficit  Hyperactivity
NJ: Humana Press.

Yum T. H, Park Y. S., Oh K. J, Kim J. G., Lee. Y. H.
(1992). Manual of the Korean-Wechsler Adult Intelligence

Scale. Seoul: Korean Guidance Press.

- 325 -



The Korean Journal of Cognitive and Biological Psychology

B AT Fo)8 4%/t 5 (attention deficit/hyperactivity; ADHD) A% 7L = tistAe] 33t 2] 719j9] A%
S APATEAYES AFgste] ARSI Conners’ Adult ADHD Rating Scale-gHHg} Aol ADHD A7|H1 Hk o] A4
o 23t} ADHD A3t (n=3D)3 /et (n=32)& AAstrt. 37+ 24 71999 S4e] 33 2back A7k AHEH
S, o] FHAlE 2 Al Aol AXEHAE =9 4217F AR AAIEE A=9] 91219F Alste 92 247 A5k S
YA 20w AN, 42 oA 7HsRE w23 AgetA HEgshe Zlo] Q. FF Amo] 24 An, AFEA
ol Hls] ADHD Agkte] 94 2old footA W& ¥hg AgEs Btk ARSIl 49, BdeAel Bl
ADHD AJgktollAl folstAl 21998 N200 Ai71eh #had P300 Z1Zo] $a=ch. &, ADHD At 37 &4 719
Al B a0l AsHEt ofet 24 719 oA @7 EE= A 7] Hlw 9 Q1E(N200), HEO] 2412KP300)l
A AR Hls] Astd A A 715e Hadrh wEbd 2 A4e] A¥k= ADHD Adekol 37 24 7]ele] At
o BT A 71 olshe AARA 715 Aot 7L AEE AR

ZFH|0f: A<l ADHD A3, 37 & 719, ARAEs S, N200, P300
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