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Effects of acute aerobic exercise on cognitive function in older adults

The purpose of the present study was to investigate the effects of acute aerobic exercise
on human cognitive function in older adults. Twenty—four males (12 older adults: 65.5 =+
5.1 yrs, 12 younger adults: 21.8 = 2.1 yrs) participated in this experiment. They performed
a cognitive task during a baseline session (no exercise), and again after light (30 % VO,,,.)
and moderate (50 % VO

reaction time, response accuracy), P3 amplitude and P3 latency. P3 latencies following

) CYCling exercises, including measures of task performance (i.e.,
both light and moderate exercises were shorter than in the baseline session across both
age groups. These results support previous studies indicating that moderate intensity
exercise facilitates cognitive function as reflected by the P3 component, suggesting that
these acute exercise effects were same irrespective of age. Even though P3 latency following
light exercise was shorter than in the baseline session across age groups, reaction time
following light exercise was longer than following moderate exercise. These findings
suggest that moderate exercise might facilitate both stimulus evaluation processes and
response processes, while light exercise might improve only the former. The present study
provides additional support for the beneficial effects of exercise on cognition during
older adulthood, and suggests that light and moderate exercise may improve cognitive

function across the adult lifespan.

1. W&

it S 2 ME TV ABRIZEBNT, L 00N REEL > TN ZE, Wb LH 7
TAT e A VT H &2 AD QL (Quality of Life) [ ED7=dICiIMid CEETHD. W
TR ATIV e A T2 T OFREFUNTEIEEIER D QRN R R TH Y, EEOEESNZOT
BHlC K& 2B 2 Refed 2 LIZEMOFEFETH D, ITETIE, SAEBIIE - FEERER00 -
B R DA TR, AR, FRICITFEH - IHEREIC T L CH B L 5.2 5D Tlunne
EZIBDOENTETCWD, B ES) & REEORRZ A LB rarse <k, BIBAES)
PR ECRRA (KFH) JEORIEZELED, b LIFTHTL2OTIHRNNERBRINTND
(see Kramer, Erickson, & Colcombe, 2006 for review). Z OEIMIISETIE, #BHn (k3R IE
AETEBERD 1 DL RRTEZTNEO SO, LavL, FEEEIAZEE - MREIc Dk 5 74
A RATTDMZ DN T OMFZRITIRFEIC DOWZIE 0 TH Y, KRR ENZ.

B (REE) & SR RE O BIMR 2 MRS L7 FgE i, W < 2 DRBEIFRE 21T - 72 BE O KO R
(reaction time: RT) CIEZERZ EOITEMHERENH WO CTE . [TEIHERIXME S ICFHI T
L EWHFIENS AR, FOSICE L= (RT) & IEZRND, MM THITT D LB & H#E
L TWDITBER\W. D7, BENEFEOZER & RSO ER A2 I 0T 52 LA T
9, WIEEIOF ET D RARICEN > TV, ZORBES 2T 5720, TETITERED) &
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PRERERE D BAMR A MR AT W T, FREIEANEENL (event-related brain potentials:
ERPs) & MWWWETE, WIEEa - IMEeE 2 EEGTH M 28T T s, B FABEERIIC
S REEN 21T O R, ERNIAORREERE TR TR, O A KN OB TR
L, J5, @il 8%, HErE WO WMEEEIT . vk L i, TOMREFIKOZHREIEZ,
BRBE-CRIUTIS U SR Z i 2. 2 O @ OMHEETE 2 S 5 1S ERPs T® 5. ERPs %
AN Z Ltk o T, [TEHBEDOATITHENT 2 Z E L T AEBD NN O & DL im s
CBE RIET O ZHONCTHIENTES.

ERPs (2135l % DRMNTEE) 2 KBS 2 flix DRy - BAL S £ DD, —ilbEEE) O B A~
T-HFZETTIE, FDIEE A EDREE R OK) 300 ms #2124 U DRy Tdh 5 P3 plioy & FRFEIZ
WTW5 (see Kamijo, in press for review). P3 A3 ITIENRE & BRI L » CEHMiE v, £ DIE
BRIFHIECHEIC R L TEDLS BVWDEEZ DL LD o e iiE WHER) oz, £
ORISR 2 35 &L ST b. ©oF 0, P3IRIEOH KIFIRBEICH L TEY £<
DIPRETE DBy ST 2 & %, P3 ERFO MM XSGR AN BN L2 E 2R LTV 4.
Kamijo et al. (2004) (%, MEEHFREICERL, K- o - BEREOTHCHOEBERIZ P3 25
B U745, S fE s o EEh % I IR0 RE DM | (P RIEDOHER) 2338 HALDH M, FTRED
KT ED5H0VIEETELENRICIIARN ST 0 T REERLLNRNZ EZ R L. — 5T,
Grego et al. (2004) I, JEEFRFFENCER L, PERERAE OER) 2 180 /31T HH, P3 ORERY
BACZ P ~T-. ORGSR, EBBHLGO 100 SRIEZEO H 70 T, P3IRIEOHE K & RO RHE 7
DOHNTEHLOD, S DHICKHPIERT 2 EZOM EMRENTHHINTZ EBRRSNTe. 20 2
DOWFEIE, EENFRE « RS — @M EE) I K DR EIERE D LICIRLS B> TWnWDH Z &R L
TW5A. X5{Z, Hillman, Snook, and Jerome (2003) & Kamijo, Nishihira, Higashiura, and
Kuroiwa (2007) 1%, FE8EGREOMEICER LIEWFREZITY, RIS ZLELET5 L0 EEL W
AT TOH P BREOERENRO DN L A/RLTe. ZORRERIE, —iBrEEE) O N H R
FIZ T2 <, RIPEAIFICERIRICAE LD Z L2 RB L TWD. 2D X1, IO ERP 5T
[Z& Y, —iEMES) & FREIERE & OBRIFIRA ICH LSO OH D, LLERL, Zhb
T NTOERPMFEIT A B AR E LTERY, mlmd s —mEEEIC L > TH g & RO 2
L T HDNE D DNTEIN TR,

FRENT A N ORKAE 7R EOITEEIEE VT, IS D — @ HaEE) OB A G~ 7o FE
WL OMRE I TWA. Molloy, Beerschoten, Borrie, Crilly, and Cape (1988) <° Stones and
Dawe (1993) 1%, il 2 %FG T FLERAY IR EE DRV EBNR IZFRM T 2 b 21T, £ ORiEN
gicm L2 AR L TCWA. — 5T, Emery, Honn, Frid, Lebowitz, and Diaz (2001)
I, PRESEISEE O @\ O EEN G (SRR E i & R PASEMERTR B O B ISR T A M &2{ThHE T
&2 A, 1BYEPAZEMINE R O BEITIIERAEBE O UEN L LDy, BEEREIE IR YT «
TIREENHR NI NhoToZ L xR LI, ZOX D IATEHEEZ W22 T, AR —E L
TWRVWORBRTH Y, ERP ZHW TRV FEMARBEANMLETH D, £z, T bOWTERR
ZRDIRY, FHlndH L RS EinE OEIREORBEZITHZENBELALND.

% 2T, ARWFECITIEERE OFE D S ORFIEREIC 52 2B % P32 o> TR 5
ZEEREME Ls. F, BRI IR RE A~ OERN OB M T A 72, —Boll &R
—HBOIE DR D 7 T o —iEE W 7T 2 R IR R ORI O AN 2 A X
T AN Uil (B 20E, — B0l - >>>>>, A—Ballig : >>O>) WS, RT X80l
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I B A—BHIHICIHB N TR 725 (Eriksen & Schultz, 1979). #531UX, R—BH O
BT A AN = T — UGS AT 5 DT, —EHRNEERHC L FEEEEED 1 > TH 5 T
1 (interference control) Z X VEFTAHLEX HND.

Molly et al. (1988) & Stones and Dawe (1993) DOMRIFICHEZIE, ElE IZB W TIT LAY
fRVNREE O IEB) T 6 RT OFE, FRARREICT T RSB EOHE K (P RIEDHEKA), 25N
FSFEARRE I O RfE (P IEIRFOMNE) NAEL D Z ENTRRENS. AiEIZl 0 TE, Fxax Dk
1THF9E (Kamijo et al., 2004) 2>, HIEEEREEE O IEEN % (I8 HBERE O UGEDN RO BV D 03,
BV NG OIEE) IR AR IR A B 2 2 D &@%x%hé T, IO OEEORET
BORIIRF I S, L0 BTERE 2 B 2 A —BOiIRFFIC R E < 2D Z A TSNS (Hillman et
al., 2003; Kamijo et al., 2007).

2. Jik
2.1. &

24 4 DRERERR A B (FlinE 12 44, B 124) DARERICBIN L. SEEOSINEDOHK
1y, APRRHEZ R 1IRT. MRER, BHEROBEEROH 22 ME T\ 20 o7, 33T
DOBIME K LT, FRNCERGFEZFHEMICHA L, ERSMOREEZHT-. AE RO o ko
JUTHE R AR B R R M BEE B2 OKRZ 15372,

1. BIEOHR - ABLRYRFK

Older Younger
Age (yrs)* 655 £ 1.5 21.8 £ 0.6
Height (cm) 1633 +£ 1.6 169.2 + 24
Weight (kg) 649 + 25 60.7 + 1.5
Years of Education (yrs) 12.5 + 0.7 133 + 0.6
Mini Mental State Exam* 29.0 £ 03 299 + 0.1
Beck Depression Inventory 3.6 £ 1.1 6.0 + 1.1
VO, . (Ml/kg/min)* 324 + 1.3 522 + 2.1
HR,,, (beat/min)* 1549 + 53 1825 £ 5.1

Values are mean = SE. The main effect for Age was significant: *p < 0.05. Thirty is the
maximum obtainable score on the Mini Mental State Exam, and 63 is the maximum obtainable

score on the Beck Depression Inventory.

2.2. FEBRFIE

ARERIIR—=2F 4 U5 EBe L, MEHEDA) & 2 DOEESM: (K - i@ E)

#%@D TRCTERR D BTN, TNENDOEMEE, 77 0 —dBICkT 2 1EAT
DFBZRET T2 OIZENENOSRMEFHIR 2220 TITW» OFY 12.56 = 1.2 H), horX
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—NT A LTz, £, BNEBOZELRET D720, K 2 5HT 2 R E T &SNE N Tt
—L7.

NR=Z2 T A VHEMETIE, BHIRETT 7 o —i 2T, 1TEIHEEE (RT, EZR) &Mk
BEHAIU7-. SEENSIECIE, AESET LI A — X — (828E, EF—24HH) AZHOWTENERD
SREE (- HoRED) CHESEIZITOY, EEE TER 2 LN XA T A R HERITT T

—iRE A TOY, {TEhEE & M 25 LU7-. @B 5 42 LI FEEEE (oxygen
uptake: VO,), 0% (heart rate: HR), HRHIIEENTRE (rating of perceived exertion: RPE;
Borg, 1973) #ic&kL7-.

KBRS D, EHESF TORMRIE & R RIEFERE (naximal V0,0 VO0,,) OHIEDZDH
(2, 1 TEIHFRE 16 Uy M OoE 0 2 LB AME LK TR E S £ TIThE, &
AT =TT 5 V0,, HR, RPE ZGtdk L7z, WiHEARTT A MEEOMEND 30 % VO, (KIRE),
50 % VO,,,, (FFSREE) (ZHY T2 AMAERDZ. ZIEITL 5 MO+ —I 77 v 7 &{T-o7=
%, FNEN—EDOHAN T 20 FEORT Y v V@B 2T o7, _ZADEEREIE 60 rpn T—&E
[z L7z,

2.4. 7T —iE

SINEL, v R— LANOLZHR IR Z MR LT2IRRE T, S8 E T 7. 2
O 1 mETHICIE, WEASEIERT AT Ea— N —F=F—5RE L. 75—
RELZIE, IROIERNZZR D RENOWHANS 7 A R/ DK 2 DEAN L7zt 02 ERAR & LT
AW, TR RICE R SNDRE [ & D) iz LT, TEZRVELS, EMECELED
FHECARZ 2 LT 5 Xy IckEraniz. flziE, iz 1< MR SN RICI3 A RHE
TG L, D) PR SNERFICIEARfE TG LT, REBRTHWE 7 7 7 —if8lE, —E
G & R—BOHI S D . —BOBTIL ) A X2 5 REIRT R TH oo R & F U
M ZFWVTED (KK or >0), R—FHETIX /) A X272 D KA T X CTHROIEH DK
FI & WM Z VT O>O> or <OK). — Bl & A —BoliligZz FfEx (5:5) TTUX
LR LTz, BOBERICAOKRHFZHR L, REFIOKRE S, &IB™MEA 437, EIH
£ 12.8 Thotl-. HREHIEOERREEL 200 ms, HIEEFEIX 3000 ms THo7=. ShE I
HED 32 FATZIT-o 2%, EFRMEICBWTZOES 160 34T (—E : A—F=80:80) 17~
7o, TEEhRMECIE, BRI TIEE RN T o 7. ARER TR 8.5 o T o 7.

2.5. FoEk & fRAT
%ﬁmﬁ%uHm%m%d%Fz&f&@%&is%ﬁi@ﬁE%L#%gﬁkLf@M@l
MM A AW T MBS L 72, SEmEEHIL 5 kKQULTF & L, EBERMICBWTIE, EEiEic
R L TN L 2B Lz, IREX G FRGLE L, IREKEEORE 2T =4 — L
7o, MMIRIEREER 1 s, IRIEOERTE R 30 Hz CHEIERCER Lo, @I IRERER), R, ST
T — G ORITIINEN SR Uiz, 7 —#13500 Hz TH 7Y 7 &,

P3 D FAE HNZIE, IR U 72 3T O filJEEER 100 ms GO FEJENL 2 2. P3 OFRIEIX
TR OFE % 300 ms 75 750 ms DI KGIER T & Uiz, P3 RIBIZIAR D & Fe KI5 E}Z
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SYDTEMRETOREE Lz, $£7-, P3EIRIINHE R L W IEAE TORRE L.

2.6. HEHRE

P3 fRiE, P3ERFOMEHREICIX, B (Bl - Gl XGEBIRE (X—R T A > - (KRS -
HeREE) XERE (— - R—) XEHEAL (Fz - Cz « Pz) @ 4 BERIZ X DIREA WU 2 H
WeL ATENERE (RT, [E&ER) OFFHREICIIEE X EEEE X FREO 3 BRI X 2IRAR Y
Mra -, EShaRT (20 0RO F4)% V0,, % HR, RPE) OFMEFHREICIL, BEXGEBERED 2
RN & DIRAB BT 2 T, S5 HTICBR L, Mauchly OBRIEMERE 21TV, EREPENMK
ETEX -2 121% Greenhouse—Geisser DA 7 uy (g) ZHWCHHBE, AEMRA2EE
B L7Z. TIIMEICE T 5 EME DL EEEICIE Tukey D HSD BEE V=, BN O K,
AR (2 1) OEHREICIE, DRV tREEZ W, AEKUEILS %IRRT L.

3. AER
3. 1. BINFE DOEEN), ABRAVRHN

F 1LITREND X HIZ, Mini Mental State Exam  (MMSE), VO, HR, 1%, BRI CHEIZE
S TWizlts (1, 22) > 2.56, ps < 0.025]. ZORRIITFHRINTWEZLOTHY, EFEI
BB BRI MMSE £53458 (29.0 = 0.3) 1%, 5821 (KiR) JEOJKEA R T LOTIEZR W, F
7o, AWFFETITEBISARI 1T 2 A MR E I BEE RE (% V0,) ZHWTWDT72D, VO,
& MR, & BERIZE IR RE ISk T D IEB ORI L RITT O TRV E E 2 5.

3. 2. JEEhAM

FTNENDOIEEIZRIT D 20 53 OFHI% VO, % HR, RPE 2% 2 (Z/RT. IO T X TOFEE
(B U CHERNO TR RS S [F (1, 22) =192.03, p<0.001; £ (1, 22) =259.56, p<0.001;
F (1, 22) = 113.55, p < 0.001, respectivelyl. Z OEBDLLNEIT, (KIREES) LV & Fik
EEE CTEOMENABIZEN -T2 2R L TWA, F2, MERICBW TR AERITRD 5
RinoloZ EnD, W HEERE A MIICFRE Ch o7t 541 5.

2. BEIZBIT D 20 M OFE% V0, % HR, RPE

Older Adults Younger Adults
Light Exercise =~ Moderate Exercise Light Exercise =~ Moderate Exercise
% VOspax (%) 36.6 + 1.3 57.8 +£ 2.0 324 £+ 1.1 559 +24
% HR ., (%) 552 + 1.1 74.1 £ 1.6 55.1 £0.5 74.6 £ 1.9
RPE score 109 + 0.5 13.1 £ 0.6 97 + 04 129 + 0.3

Values are mean £ SE.

3.3. 1TEMEIE
WHE, SRMFICBIT Y RT, IEEHRELZE 31T, RTICEAL L, EBOFEDRNAFET
boTZF (2, 44) = 4.36, p = 0.019]. TABEZAT 7R, W E bICPMmEEER O RT
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IR EEN S L0 A EICELS [ (1, 23) =2.83, p=0.020], XR—RTA 5L L
SRS E SN D 7 2NE & D RVME M STz [ (1, 23) =2.65, p=0.057]. F7=, BE[F (1,
22) = 15.15, p = 0.001], FRREAE[F (1, 22) = 82.24, p < 0.001]DERELHETH-T-. =
O DOENRIL, Al O RTILERE L0 b, —BOllEEEO RT 54— B0 L © SV
ZLEEIRLTWS. TRTOHERICBW TR AEMAITRD b inoT-.

IEARICEL L, MEOTENEE TH-o7ZIF (1, 22) = 28.57, p < 0.001]. Z OFEE
%, —EREREO IR, A —HUiERE L A BICE N2 EERLTWD. BEEEHO
R EZEZLENE, RAERITREO b oT-.

F 3. MR, BRMICEIT DY RT L IEER

Older Adults Younger Adults
RT (ms) Baseline Light Exercise Moderate Exercise Baseline Light Exercise ~Moderate Exercise
Congruent Condiion 4258 + 15.0 4235 + 139 411.8 = 155 3525 £ 122 3550 + 11.7 344.1 < 10.7
Incongruent Condition 4738 + 16.7 480.9 =+ 20.4 462.2 + 17.0 3974 + 135 398.0 + 122 387.8 + 124
Response Accuracy (%) Baseline Light Exercise  Moderate Exercise Baseline Light Exercise ~ Moderate Exercise
Congruent Condiion 99.7 £ 0.2 99.3 + 04 99.9 + 0.1 99.7 +02 985 + 1.3 99.7 £0.2
Incongruent Condition 94.8 + 1.2 96.1 + 1.1 947 + 13 96.3 + 0.8 952 + 1.8 949 +£23

Values are mean £ SE.

3.4. P34y

R, 4SBT D ERP OMINENEE AKX 1 (—E0gE), X2 CR—Siiges) (oord.
P3 T);Erbaa CEAL T, MEXEBOLBEERANAEE CHoF (2, 44) =6.28, p=0.004]. #EZ

(BB DONRAERET D 1 RO 21T o 7=k R, EBIO B RN EEERETOHRBD
Mwi [F (2, 22) =6.78, p=0.005]. TCMEDRER, Hlna i ClIHoREESI% O P3 KR
WR—AT A LY b REDN-720 (1, 11) = 4.63, p=0.004] (X 3). Z DX D 7piEH)
DORBITEMERE TITRD Dotz DI, BEXEORZREERNAE THo2[F (1, 22)
= 10.29, p = 0.004]. TAAREOFER, ElnE#ECOH—BOlKRED P3 RIE DA —BOfiIRE &
DHEBEICRE -7t (1, 11) = 6.09, p < 0.001]. FEERTIZZ DX 5 R BEORRIE
RO LIRS T2 R, BN OFIR L ETHRE Tho72[F (2, 44) =32.38, p<0.001].
TARREDR S, WEEL HITCz & Pz D PIIEIENAFz L0 b K& )o7-[ts (1, 23) > 4.57, ps
< 0.001].

P3 IERFIZB LTI, EBOEGRVEE THo7F (2, 44) = 5.12, p = 0.010]. FAARE
OFER, WEEE HICH (K, HIREE) E#% O P BN =T 4 V&ML b= ts (1,
23) 22.62, ps<0.026] (K4). £/, BEXBFEOLHEHANGE THTZF (1, 22) = 12. 46,
p=0.002]. FARREOFE, FEARICB O TOLAR—BOIEEE L0 & SR> P3 R
NEMN-7-[¢ (1, 11) = 3.18, p = 0.009]. EWHEREICZ DX ) BREEEORNEITED S d
Sl EBIT, BEXEHMANOLZAEERANAEE TCHoF (2, 44) = 7.75, p = 0.001]. Tff
BREDOFER, Pz IZBWTOA P ERHIEIMEREL 0 bAMERE o7z (1, 22) = 2. 42,
p = 0.025].
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Amplitude (V) Amplitude (uV)
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2. A—BUEIRFIC 31T 2 WRED ERP iINFEIRIE (L3 mind, A2 )
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12

11

10

P3 Amplitude (uV)

—&— QOlder = © = Younger

Baseline Light Moderate

3. MR, FIRMITRIT D PSARIED T-HIME

EHREREICB W T O, PIREEE%R O P3 IRIENSN— 2T A VR _RRKE o T2,

BB WTIEARF Y o 7 EEBNIZ L 5 P3IRIEOZE(LITFED b o 7.
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4. WRE, FBEMITHT D P EREO EHE
WEEE Blom (K, FiRE) HE#%O PIIBRENRR—2 T 4 &L b T,
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4, B

AT I, PRAEREIC X D — MR R EE O EBRE O BN FEE & B TR D
D%, ITEHEE (RT & IEAER) L ERPs D P3 NI L » TR L7z, TOfEE, FiicBfR7A
< RT (XHPTREEEENZ (SR L, FLREAGIRER & SCed-2 P3 eI (X, "hosf) iEdhitica
L7z, LsL2ans s, EEOBEMAIMEZ7T P3 IRIEIE, BEIZBWTOLTIREEE)% (2
WKL, 77, EERTEIMEESIORELZ T 2o T-.

4. 1. TENEEE

RT 1%, Mg & Bl & IR EEN I T LA A b T, FPaiEES 4 12 0 A 0855 L 7.
Z OFEFAT AV GRS O IEHE) T b miin s OB IC S EL b7 53 & L7z Molly et al.
(1988) & Stones and Dawe (1993) DOFERICKT 5. T DX 5 G ROFIEIX, SINHE DR
DEWNHFHATE 50 LIV, Stones and Dawe (1993) OB NNE OAERNIL ) 84.5 1% T
BV, KIFTROSME LY b 20 WLl EHEFER EV. £72, Molly et al. (1988) OO0
FH ONHJERRIE 66 5% CAMIIE & R4 T 573, MUSE OS5 81E 24 SRETH Y, AFZEDS
MENZLEARD & ZDOESIEN 72 VIRV, L EDZ &, ARBFSE & JeATiF%E (Molly et al., 1988;
Stones and Dawe, 1993) OFERDOMEIIZMEOBENNIH D EEZBND. S0 UE, &
W O T b FLEHIRRFNEE /] DR 1T L B8 E DR\ EEN C LB AR Z T 50, HORED
%ﬁ%ﬁ%%ﬁbfwéﬁﬁﬁ iﬁwﬁf@@%i%@%ﬁz&w ENEZHND.

— 5, HRIRESEENI% O RT X, FEICBIRZ2 EM L7z, ZORRIE, BHEIZBWTHSE
FETRE DIEBN LI DO BB HERE D LB b D = &%ﬁibt&ﬁ@%ﬁﬁn(&mmet
al., 2004) ORMGZIFFTHLOTHD. £, TR < E(L LT RT OFERIZ, &ilndE
(ZRBAERE DM L& & 72 D IEENREE S, A< L AR (% V0,,,) (SITEHE & RRRETH
HZEERLTWD. &L, EERI-BMEESIORELZ T 272, BITZEICE VT,
—IMEIEEN I EE R ’BT{E XA TEHT (e.g., Hillman et al., 2003; Kamijo et al.,
2007), 77— EIC BT A EARIT - BMES OB LA Z IS WI ENEZLND.

4.2. P34y

P3 IRIBI A IRE IV T DA, FIREEEIZ ISR Lz, Z ORI~ OITH9E (Kami jo
et al., 2004; 2007) ZXFFT2bDTHY, HE ITBW IR MEEENRIC T 7 o —ifdE
IZRILTCTEDZL OEBENDE SN ENRBINDS. OF Y, FREEEIRIZITT 7 —
AEICH L CRVEFT L2 ENTE, ZORE RT DEMLIZZ ENEXLND. LLRR
B, EEEICBW T —mEEIIC LD P IRIE~OEZEITFRO ol FVHi i
R B EN 2 LA L 7wl O RT I21E, EROEMME (EEOLEERE) 1$8b-> T
PN EREZBND.

—J7C, P3IERRIIFHEICBIfRR <, K - PIRESEENZ N Lo, ZauX, K - RosEEE) )
RS O 2 726 L2 2R T b0 TH S, DF Y, ElCBIR < PR ER) %
(2R U7 RTAZIE, AMGHERF R OGRS B> TnWH 2 BB bND. LInLARnD,
AECHE P TN % | TR R M RE R O 204 (P3 IEIRFDENE) SO DI S 2 57, RT ITA
BT BNZe o 7=, RTIE, BREEHM OBEL 21T TidZe <, BOGEIR, KIS TR EDT T
DILBREEFE A5 /U T2 Bt 72 IR R T D (Doucet & Stelmack, 1999). ), HIMALEEEIK
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Z < LTeRRIZIE PR ERE L RT 13 & HICIRIET 573, SUSHURE R A 5 < L7oWRE2id P3 IR
ZALE T RT OADBEIET 5 Z &5, P3 IERHISUGEER D & LB ARNT. U 7= RIS R 2 I
Mg % LEZ 5N TS (McCarthy & Donchin, 1981). Z L5 D RMENS, HIREEERI% 21X
P EFM @ AR 721F Tl 72 < BOSEHRO RS 70 EORONCE D 2 bm L L, ZOf5% RT
DEMERBO LN Z ENBEZOND. KT, (KR EENE ISR R G L= b o
D, BUSITED DIEFRIITZAL N IR H IR o 72728, RT OFEMENE Z B0 7=0hh Lz
Vo LarL, ZHUIS K ETHHERICORE T, 4%, RISEFURRECOCER B L K3 5 &
EZ BT DRI EfEEEAL (Coles, 1989) 72 & & HWT, —ilMaEE) A S EFRIZ 5 2 5
HRAZRFTHANERHHLTHA ).

Hillman et al. (2003) & Kamijo et al. (2007) 1%, AHFZEE R UL 77 v —ifk@% A
T MER OB L RET L, XV RAEAOFEITHIE (executive control) Z 3 5 A—E0fli
EZ D ZIEENFZ P IEFFOBHMENRBO HNT-Z L2 HE LTS, ZORERIT, AiliEKE (32
1THIE) N—@MEEE OB LZZTCTWVWI 2R LTEbDOTHD. L LR, KRiF5EICE
W, —BOIEAR—BORE ) & Do T REOHEE OV R 72 <, K - HRoREEE 12 P3
R IIENE L. 7T v —iREl, FETHIEO 1 > TH LI (interference control)
PEMETHZ L DOTELETH S (Eriksen & Eriksen, 1974). AHFZEICEBWNT S, A—Ff|
PR — ORI LR RT 1T R <, EERITE o722 &b, LD 2 SOSEITHSE & [Flkk
ICTFWHIEZ B ET 52 LIXTETWD. RIFETIIRA T 7 o —f8 A W2y, SefTafrse
TIEXTH] (e.g., XXX, FXF) THRIND 77 v —iBEEZHW WS, KEI7 7 b —iE
T, B2 ITER O T RO RHINA Z WD TOIUEE TRIGT D OO0 or <OK) EWnoiz Xk
N, FNE—LOGBER TR, — 5T, XFT 7 U —iE T, Hl20E X3 T FIdE TR
THENI) XL FLE G OBFZEZZZE L TR IER 53, fil—FUSBEEATH .
SV X, REIT 7 20— CIEROGERIRDB LB BN 2 S DD, LF7 71—
ECIIEERLE A2 BT 2 2 825, EERBIIREEOEZITHIEO 1 > TH LD T, XF7 7
—iRED T NRENT Z o —fE LD b EITHIE A LV EFT LB 5 LN TEDL. ZOX
I IRERREDOMEE DEVINZ L - T, AWFE TR LI — B EE O IR BT & 1T R~ 7D
MH LALZR0.

5. £&9

AWFFEE, —EPEDOAERFEEN A AT WO TR ICER 72 < RREMEREDH E2 b 72 H3 2 &
Zor LTz, @i, Aind & IR IR OEE) Th > THRREEIED M LA & 72 5303,
HHAEERRIE OJEEN O N Z DE EORRENRKRE WD EAURENTZ. F2, A RRREE) )R
HBEREO ] EA b7 O EEBNRE X, @i & A EE ISR W TS IIFRE TH H Z L A3
bk ieolo. BEEEOREL MG LIEITIETIEL, Ut —F 0 ZRE OB EE) A, 6
i Ok CElin g O ASRE A W E S 2 L ME SN TS (Kramer et al., 1999).
—IEVEEE) &R EB NGB AEEE ISR E XD AN R NIR R DM NS D EEZ LN
L. oL, BEAEDX - EEERO R 2 OV IR L TH Y, ABFEHERIL, HOFRERED
EEEN O B RBIERE OB L D RERIRE LT O T I Z2RBIEH L0 THS. M
(JFR) JEDHMINREA IS & 7o > T D4 B, ARBFZEXREM (JF]) JE TR ORI A 5
HIEBOFIMEEZ R LIZHEDTHS.
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