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The effects of time pressure and attentional focus on P300 and lateralized readiness potential
Maiko Shiraishi and Makoto Miyatani

The effects of time pressure (TP) and attentional focus on stimulus evaluation and
reaction preparation processes were investigated using P300 and the lateralized readiness
potential (LRP). Event-related potentials (ERPs) were recorded from participants
performing visual discrimination tasks. In this task, participants were presented a series
of line pairs and required to judge whether the length of two lines were same or different.
TP was manipulated by using moderate or severe response time limits. TP effects on the
P300 and LRP latency were compared between two levels of discriminability, which was
manipulated by stimulus intensity. The direction of two lines were fixed or randomly
changed in each experimental block. In fixed-condition, participants were able to make
responses with focusing attention on a specific location in stimulus display. Results
indicated that P300 latency and response locked LRP latency were both affected by TP
regardless of stimulus intensity. However, attentional focus did not influence TP effects on
P300 latency and response locked LRP latency. These results suggest that the durations
of both stimulus evaluation process and reaction preparation process were reduced by TP
and that participants may use another strategy to adapt to TP other than focusing of
spatial attention.

Key words: Time pressure, Event-related potentials (ERPs), P300, Lateralized readiness
potential
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RS N5, & 2 BERSISHIHGEI (Stimulus selection)
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Figure 1. The stimuli used in this experiment.
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Table 1

PPN
=

HA

Mean reaction times, accuracies, P300 latencies, P300 amplitudes, Stimulus locked

LRP latencies, Response locked LRP latencies and proportion of trials over time
limits for each stimulus in each task with standard deviations in parentheses

Choice reaction under severe TP Choice reaction under moderate TP

Simple reaction

Random Fixation Random Fixation
casy difficult easy difficult easy difficult easy difficult easy difficult
RT (ms) 3744 3923 362.1 380.7 407.4 4339 4044 429.0 270.1 296.2
(27.7) (25.6) (25.9) (24.8) (23.6) (23.1) (20.9) (26.5) (17.5) (20.0)
Accuracy (%) 83.5 788 821 779 89.7 87.2 90.9 87.7
48 (53 (59 (.6 44 (13 (5.0) (3.9)
P300 latency (ms) 450.4 480.1 4504 4704 4635 4947 456.8 4838.0 3322 3734
(22.2) (37.3) (21.8) (253) (21.1) (34.8) (252) (279 (15.0) (40.7)
P300 amplitude (uV) 16.8 16.5 16.0 158 15.6 14.7 14.9 14.5 10.7 10.1
53 (55 (G5 @9y 54) (49 (4.4) 4.7) (3.8) 3.7)
Stimulus locked LRP latency (ms) 298.4 3169 290.6 3109 304.6 326.0 292.8 3249
Q4 (18 @9 16 @23 (68 G5 (G2
Response locked LRP latency (ms) -62.5 -64.3 -60.8 -60.5 -72.8  -75.1 =732 -74.5
(12) (1.9 (1.1) (12 (1. 24 (1.8) (2.2)
Propototion of trials over time limits ~ 12.0 22.0 12.1 22.4 4.3 8.6 5.6 9.1 2.8 7.3
(%) (14.6) (16.4) (8.1) (10.4) (4.8) (6.0) (3.1) (8.4) (3.7) (7.0)

(F (1, 11) =14844, p < .0001), B XU TP x fl#id s
DHAER (F (1, 11) =21.34, p< 00 AEE ThH - 720
TP &ML b TP & CHRERREMHELD LS
VFAEIRGEMT, FEOREAKE S RRIAS L
BRIy LWL WEET, RISHMAEYP 72, TPIC
X B KICE M o (TP AR 13, IS Lwg
HEDHEELNEGETKREDP -7, KISKEIZALNR
% TP &hAAS, MBI (5 TP 4 © £ &MFTOIE
B D60 % UL L & o 22 B, th TP 4
550ms) #i%EL, TNLLERER D2 72347 % 5
MPOBEN L7272 E L2 DTHIE0E ) e
B0, HlREE A L7237 D A b TR
O 3ERGEIN % IT o722 25, HIREREORT
EEFE VAN EFAROBRIBE O, bbb,
TP OEE (F (1, 11) =1684, p < .001), HliER
FiEoEE (F A, 11) =677, p < 05), B IO
BRED TR (F (1, 11) =11943, p < 0001) HEET
B otz BIRPUSEEIC B 2K 5MOIEER (HIR
RO BRI KT § 2 IEE O #EE) % Table 11K
Fo TP x FIE /R A x fUBLHREE O 3 K 58T
#fiolz b Zh, TPOFHE (F (@A, 11) =2871, p <
0001) B X OHIBEEE O 50E (F (1, 11) =20.20, p <
001) SEETHo72. TP &ML 0 b TP &4 T,
FIBRIED K E CFRBIAS LW SfE X 0 b L w4t
T, IEEFEPMED 572,

ERP Figure 2ICHMS TR LN 2 (P2)
ZEREE L TRLZ. Figure 312, BINUSIHEET
BoN AW Pz) #EAHEE LT, WMERE
PERNTR L72o &S & O E&micB»T, Hl#k
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Figure 2. Grand average of ERPs at Pz
plotted with overlapping wave-
forms for the severe TP and
moderate TP conditions and
for the easy and difficult stimu-
li. Waveforms for the random
and fixation conditions are
shown at the top and bottom.

300—500 ms 3% TheRIRIEZ /R 3 Bt BALAT B L
oo TOBMEEMIE Pz TEHTH Y, HBLEFRF R U
B ESAH»S P00THD EEXLND,

P3007%%4 b BHZE (CHBL L 72 Pz IO WT, il
#300-600 ms X[ TR OB MHEMEZR LIzH%E
P300THA & L, Z DRy & Rl & SR ICsE L7z
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1 L = SEVERE TP/ EASY

Fixation = SEVERE TP/DIFF
-3 T —— MODERATE TP/EASY
~=~ MODERATE TP/ DIFF

800 ms

Figure 3. Grand average of the Stimulus
locked LRPs plotted with over-
lapping waveforms for the se-
vere TP and moderate TP condi-
tions and for the easy and
difficult stimuli. Waveforms for
the random and fixation condi-
tions are shown at the top and
bottom.

(Table 1)o HHBSFEIZ BT 5 P00 IZDWT
tREERAT-72L 25, HEEREIKE FRIDE L
SMED BEELWSMT, PIOOEEE Rz (t11)=
341, p < .001), P300IRIEIZ D>V TCRABDHHT %17 -
TS, B E RIS o 72 ((11) =151, n.5.) o
IR BUS SR BT 5 P300iE 122 W T TP x il
ERFEXHRE D 3 ERG AT 2T o728 25,
TP OEME (F (L 11) =1001 p < 01), FIBLERY
FoFEE (F 1, 11) =595, p < .05), B L OMllisH
JEDFRF (F (1, 11) =52.77, p < 0001) BSEETH -
7o B TP &ML 0 b TP &fC, RIERREeMN &
DbV FAERESET, FIMERENKE S FRDS
LWt b b L4, PI00EMD RS - 72,
%3, P00MEHICDOWTI, HIBLK:R %8 2 72 34T
BEDIONIIATD R h o 2o AEBRTIIHIRER 2
BRIBHTTIA =Ny 7 HEEERLTED,
P300 HERBFHIFFIC 7 4 — KNy 27 F12 X % ERP 28
EHLERING 2D, BULHSNITZ R0
Thbo

P300IRIEIC OV RO GH 2475728 25, TP
DFME (F111) =165l p < 01) BEETHY,

Random

~ AMPLITUDE (uV)

= SEVERE TP/ EASY
= SEVERE TP/ DIFF
— MODERATE TP/EASY
-~= MODERATE TP/ DIFF

Fixation
-4

s A
2 PN\
L

@]

)

=

.|

o

3~

Figure 4. Grand average of the Response
locked LRPs plotted with overlap-
ping waveforms for the severe TP
and moderate TP conditions and
for the easy and difficult stimuli.
Waveforms for the random and fix-
ation conditions are shown at the
top and bottom.

TP 4t & 9 b8 TP 44T P300IRIFATK & A5 726

HIFEB X O BB IR U CH L 7@ R AR R
@ LRP OFMA T39I % BR 5512 Figure 38
& O Figure 4127”79, B ] LRP & FEICDO W T,
TP X €5V 7 4 x R D 3 TR 5 H0HT &2 17 -
728 Zh, HIMBEDOENROAPEETHY (F
(1, 11) =29.97 p < 001), HIFEREEHL K E TR 5
LWl ) b L WEAT, FlEE Y LRP #ER2s
ol

UG A LRP R I2o W T, RO 217572
LZh, TPOEHROAPAEETHY (F (1 11) =
2249, p < .001), W TP &ML 0 b & TP 4T, X
I 7 0] LRP e & F — 3 L BOIS & o e [ [ B 28
otz
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AFFETIREROEITIS X o T, HIBLEEAMG A3 8
7 BT ORIBEFATE A & KOG A B~ TP %4
BEDXH BT L2 EME L7, £3, NASA-
TLX 12 & 2 EBIWAIHOFFMIC BT, TP OHHA
MAPHR TP &L BE TP U TR 72 2TOZ
EnD, BMEE, PTPHELD & TPREICE
WTEDHE TPZRLETEY, TP OFfE R YT
HoltbtE2b, MK, ZMEEIHTTP LY LE
TP BB WT, FERMIK, EREE &, 7
FAML—=Yarvivo oA D £ 1<
EL TV Z EARENT,

HAT PG R B X OISR OM 712 BT,
FIBOREEATR Z WHIEL L D b /NS VIR L TR
FEf & P00 SR oo ze THUE, BIA - BH
(2005) & FFEDAERTH Y, FIBEREOIKTIZE 5T
AMEFFFALAHEL < &0, P300HERASBEML 7 &
2z 5N5b (Verleger et al, 1991). & o T, EET
F 72 HIBORE O BAEL, TEROWFIER R & RIBRD
BREHKT S ETHYTHh72EZ LN,

BIRFOSHEIZB VT, TP OB > TN
ML oo 7ze T TP #HIL, TIBRIKER 2858 L
TR EOGMTHALNAZ &0 0, HIRKER
DOBEOMR L LT, 50 LFATICUS R O Fv
BITHZ L EEN TS E UBUN 28R Tl
%<, TPOWRIZLD, ZIMEPERWIHEL G
LEDELIBRTHELEEZOND,

Wi, B - =8 (2005) THSNZ, TP OR)R
& W LEEA O W EE DO BARICOVWTHRTARS &,
P300FEFIEIZ BT, TP &R E DR EAEH 245 &
AT, A 2SR 70 3556 VORISR A B A DS 5
5T LIEAR LML D5 Tz, Plefferbaum et al. (1983)
LR TP OB R %2500, FkOMER
oz, UL, TPOEHRIEONATEY,
ShE O F B TP K X o T, JECEEG 8 A2 A
Lzt #Ez6N5,

AREFFET, A - =4 (2005) & AR TP & fil#k
FEOREAEMPES N o Bl e LT, PR
FEDENHEZ LN D, HA - HA(2005) TR, 7V
7 7Ry FOWEERME X OCHER GO E 1T -
Too =77, AWIETIE, BLERBOADOFR (B0
R SORFHW) %1772, Falkenstein, Hohnsbein,
& Hoormann (1994) &, BEE L BHEOWFTDOE ST Y
TAWERESR LTI RS hVEE, £9)Th
WX D SFEPIHETH L LBRTVD, EHIT,
5 TP &M CORIBRREH AR 2 5> Tz HA - HH

[ZESIE N

(2005) TI3400 ms TdH - 72%%, KL TIIHHICH
VIR (ERAT P IRRE RN IES L2#E) 28
60% LA LIC B & 9 R E L7z, SIS R IE 43K,
P300:E I, HIRKREE 28 2 2R fT0HEZ LT 5
&, HA - BA(2005) £ D AW ORED KBS
Thos- ML, FEBRITICHRDS B L0
RIS 5 MEEORASH T &, TP OB HE I
HNLWREEARE I TS (A4 - =4, 2005)
ZENS, EEROENIZE ST, TPHROBEHN
FBRRpsl-OTRRVRLEEZLND,

AFOHWTH 5, EEOEBLOFEEIZONT
RThzbE, H#EZEELTERLZGALDS,
FELTERLZYEAICRT, P300#EE B L O°LRP #
DL oo 2 e, RINCLERHIMOERE
FE LR T WA, FERPES k7%
Abhd, LaL, TPRRIHBERFEICE>T
BRLaokZ ehd, TPICX 5 HEEEHmEAED
AR, FMANOEBREEIET 28128 T,
WEFILEARDSER T DY SN 720I A L Tw b E
VAT, BINEIEZOMO T TP IZEIG LT
% A HEMEARIE S 7z,

FOSHEMBIRIC BT 5 TP DHEBIZOWTRTAS
&, FIEEM LRP #% TP OB %2 o7z
—77, BUGSEE LRP %, W TP &% 0 b TP
GMTHEL e olze 2O ENPS, FMBERENT
M0, EBHEMAEEILS 2 E TORMIE TP I L -
T, B AEEIL L T S BTN
FEATENS T TORMAT TP IZ & - T L7z & HER
T& %,

ARFZETIE, HEFR D720 ORI DERIFE
ZEALTHIED, TPICHEIET 572 00HMKE L
TLOHNTVEDDEMFATAHILTHo725, D
T REE 2 RIS 2RI SN h o 2o TP RIRIC

DUERPUETHLEEZOND, 7, fIHOE
IR DOWTTH B, AWIEDT ¥ ¥ L 5EMTIE,
TP IZH#EIE T 2 DICFEZEOEIALYERNICE AL
AFNE) S BEDRE L TORTRENZ 2 5N 5,
AR T, MOORIVPREZHH50S, 7uy 7
[ UM ICERENL D, 4D2OMEICT v FAILE
IRENDNPIZE 5T, HEOEILDOITVG S 2 Bk
L7z L2 L, FlziE, FArhDICL->THoOHN LD
HEOEIMLEFET L 5M0L 29 ThWEFEHT
T, M7y 7 NTHEEOEILOREZ I %
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