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Temporal limitations of visual attention

Atsunori ARIGA and Katsumi WATANABE
The University of Tokyo

Attention allows the visual system to extract relevant information from the surround-
ing environment. Yet, it exhibits severe limitations not only in the spatial domain but also
in the temporal domain. In this paper, we focused on temporal limitations of visual
attention. First, we reviewed studies on classical vigilance decrement or impairment in
performance efficiency over a prolonged period of time. Second, we outlined more
transient forms of deficits in attentional processing, namely, the phenomena called the
attentional blink and the attentional awakening. In this review, we considered conditions
under which deficits in visual attention occur and mechanisms underlying those visual
attention deficits.
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ITERAER L, Zh o2 EBeMcET 308
Mdbb, TOXIBEERITE T 5NN IERE
REEIHENER LI, ﬁ%%&e@$§
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HbNTE, UL, HHEEY 4 V5 VR (vig-
ilance) DTN SbLMBELIIC, TbZFHA
HOEEIC IR IRA N S 5, FERGED 5
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Z DRRFICBEL T d+RictRitd 2 LB D 5,
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MosZEThHy, BKEFH, AMI¥EMICLE
HRHmRchsEELONS,

AROFIHETIE, FHENEEOARLE LTHIS
Na5v 495 v 2OKTICEET AR EENT 5,
T4 VIV RCHEELBEZ ZERYPINE TR
RancHHAET N, OB EAEEL T
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BIRIARE I, EETEEO L - 5B
B3, ©IHh 3000 ETHERTEED
HIREZREE LY EEbhT0wi, ToL X,
HEZEE 3 N.H. Mackworth 12, REEZRITRGE
DIETICEEEEZ 3 EREFHESE, Y1 V5
v Z (vigilance) DWFEMEE E - 72 Mackworth,
1948) ¥4 ¥ 5 v 2 &3, FFENESE (sus
tained attention) & &FEIN, BEELFEE%
FefthIC Bt LB T 28671416 (Davies &
Parasuraman, 1982; See et al, 1995; Warm,
1984; Warm & Dember, 1998; Warm & Jerison,
1984),

PRSI 5 BRER TREDOE T IR, v ¥
5 VZADIKT (vigilance decrement) & B
% (Mackworth, 1948), FEERFHiX & LTI,
WERENBIRINC , 4 RE 2R, 2 —EDE
EHECHRT 2E542RHEsE 5, KREEA
HES EEREROWBICEET 22 LT, Yoy
VIS VADETEFEANRLENTE B, FlZIE
Guralnick (1972, 1973) OWETIE, —EDE
SO (VA4 R) PERINCERS 0, WERE
BEh LD bRVEESD (BB PERENIEX
KRy VERLTHRET 2 Lok ohi, Fi,
Binford and Loeb (1966) (3BEEHIEA W,
WERE IRKRMICERENS 60db D/ 4 XD
?561.8db DEFSEME LI, TD &I,
U4 V5 v ZRDOMRIZEBEE O AL ADESE
BLBVES SHEMITHEELAVS Z EMNB,

HERTHREDOE T I3, BEEDOMERE 1)
SEXCEIR, HETAEE S VS RAEHE T
tRA BERDSHEEE 21850, MEEHOET
EY 4 Y5V ADETFELTHRZ 5 D0B—HH
TH5 (See et al, 1995), Ltbi-T, ¥gq v
7 v 2 DMEIIESHHTERE (signal detection
theory: Green & Swets, 1966 ; Macmillan &
Creelman, 1991) i\, BIEEDKE (sensi-
tivity) 2& 3L I3 “d” © A7 EIEELL
THWA Z &ML W (e g, Grier, 1971 ; Pollack
& Norman, 1964), ZzhlIAicd, RIGEHRT%
T4 VI ZADIEEE L THOWTLARE LS S

D, FIREENDETA2Y 4+ V5 v 2DETFELT
EZTVWABETR—EHLTWVWA (Craig, 1987,

—fi%ic, ERERISER ORI TGS & —ERRTR
BEROFRTHRE LR L TEBERETFNE D SN
N, Y4 VS Vv ROETBECEERESN S,
INETOMENL S, Y4 V5V RIIEICTRER
G1% 20 - 30 A TIEMEICET 2 2 E b - T
% (See et al, 1995), L7Zd->7T, T4 V5V
2 DWFETIE, BEEEHENICITIEEDEX
23 NEEICRET 3 02V (Matthews
et al, 20000, L2»L, 1L bFE0ICEL,
SARETY 4 V5 vV ADETHEZICED S
nrplbMEENTH D (e g, Nuechterlein,
Parasuraman, & Jiang, 1983), ¥4 Y35 v ®D
ETICB I 2 BRI A O S 1 3 IR
K ->THEATH 5,

2-2 T4PSVRIIHEESEZZER

See et al. (1995) &, o'+ V35 v RicEEsE
B5Z2ERICSVT, L2FEOWERERNZIC
L7cxA 903 %EiT->TWw5s, LIFTIR, See et
al. (1995) DERICESWT, BEEZEOY + ¥
7 VYRR TSR BERERITOVTHNT 3,

2-2-1 BEOEE

Ty V5 v AFREE, FICRRETREE (suc-
cessive task) &[EIRRE/REERE (simultaneous
task) @ 2 FEEHICH T 5N D, BIREREET
3, —BICERINFHE 1 XnEFD0EL
Sh—HTHY, WHREIHOL UDERS N
ESDRERBRFICE SV TERS LRBOFH;
2T BB D 5, —7, ERFZERFETILH]
BORMMERESN, ES5E/ 1 REERKRICERSN
5, COHE, HREIERS NREE 0=
DIEESVWTESERIT 5N TE S, [
ERARBICHANTRERERFEDH M LE AR
BEL, T4 VS VIDETBELRTV (e g,
Parasuraman, 1979; Parasuraman & Davies,
1977 ; Williams, 1986),

RIL T, BRETRAEDO—HETH 5 n-back
HREMHVWOLNEZEbH B (e g, Karatekin,
Marcus, & Couperus, 2007; Smit, Eling, &
Coenen, 2004), n-back #5528 & 13, BHEITOHIHHS
n FITRIOFIEL E R U & 5 2 FpRI & & % 38
THD, n DEEERET 2 & THBEOIIER
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WZEET 5 L0 T& % (Dobbs & Rule, 1989),

2-2-2 EBrEE

SREER 1 DD DICERSNE A Ny MY
EIELT 5, ANV IR, BIRETEETIE
1 >DfIE, [FERERFETRIEESE RS
AEFICKIEYT 5, Parasuraman and Davies
97D k& niR, BEREEDS 24 events/min %
HBA 55613, #OEREEE L THEsNS,
—#Ic, EREENEVENY 4 V5 v IDE
TRAELCPTV (e g, Jerison & Pickett, 1964 :
Krulewitz, Warm, & Wohl, 1975; Loeb & Binford,
1968 ; Parasuraman, 1979;
Davies, 1977,

2-2-3 RIHOEHEM
CHRERE TR e AT & o B 75 I R R
BlEHDZEDD, 77Ny NOHFE, LBE
158 O HBHIEM B RIME RIS &0 T 4
U5 VvZRDETRELCICL W (e g, Deaton &
Parasuraman, 1993 ; Koelega et al., 1989 ; Loeb
et al, 1987, HEDE T A, FlBMOEMMED &
D& S flE FIAE, MEFERE,
BEWEM) 2V 4 V5 v RARCEEEFA 50,
DWVTREASHMITEN TV,

2-2-4 HIEFHEE

NEOZEEETR 2 13, FIEFILIE (control-
led processing) & HEJFINLIE (automatic pro-
cessing) @ 2 OB HMEREH B EENTW
% (Schneider & Shiffrin, 1977), HIMEHILLEE 3
BIEZORMPIHIEELEE L, EEEFEEH
B35, —F4, HEMINIRIEEE OBHN 2 H
HEzLELES, FREREZZNEEHELEL,
Fisk and Schneider (1981) 3, #E&&EHHIE
PRV SN BBETDA Y 1 V5 v ZDK
THELBEERL, MEAESY V5 v R
WA Z B EREL,

2-2-5 £&

See et al. (1995) (I * ¥ DFrDOFER, ZFEEP
T OME 2 OBERDY 1 V5 v RITEEST L0
TREL, BRREnsofAEbEICL 32K
FISEREERNY + V5 v RE KT H 3 ERIC
BaEFRLTVWS, EBE, EREREELHV
720, FlEEEVETEE (< 24 events/min)
TERLTS, V4 V5 VIDETIREL 3
(e. g, Nuechterlein et al.,, 1983 ; Parasuraman

Parasuraman &

& Mouloua, 1987; Warm et al,, 1987; Williams,
1986), %7z, Jacoby (1991) (3, HEIHIMLEEAS
ALBEINTVAIRELEH VTS, WBRED
T4 VI VABETNT L EERELTEY, B
ISR DOE VT TIEY ¢ V5 v XDETF
BHATERRVWEEZ BN B,

2-3 EEBEFI

T4 V5 VRADETFIIOWVWT, IRFTIZWVL
OHROHMETFTVPREINTVE, LITTR,
T S DERAGIAEMER T 5,

2-3-1 HEEH (arousal theory)

Hebb (1955) &, v+ Y35 v ADEFIRIEE
EOHBKEDE NI >THEUBEEEL M,
R X hid, /\Faﬁ@*ﬂi@'fx?é 3, v4US
VREMRHT B IDIC—EROEBE A NELT B,
Linl, HHEMEY V5 v 2B I B3RS
BIZIE, R0k, BOoOEER) TH
TEMEL, BEOHBERGE Y F 2
5%)o TDXSREETIE, TIRHERIIED
B LA SN A oFlE L’C%DEE’J ML
Th, V1 VIV RAREERPEEE L > TR
Bz bDic métb,ﬁ§%®%@*@i@b»
KT 2D B, THITE->T, HRERESR
BY 4 Vv REMETHENELLBY, £
SHRHERRIETT S LEZ 507z (e g, Ballard,
1996 ; Eysenck, 1982; Frankmann & Adams,
1962 ; Robertson et al,, 1997 ; Stroh, 1971),

EBE, T4 V5 v 2BEPOWERE D EEG
(electroencephalography) Z%HISE L 7-H5513,
T4 V5V RDETICES> TOHEL a R
TEHIEAEREL TV DS (Berka et al, 2007 ;
Mikulka, Scerbo, & Freeman, 2002), HEEH I3,
FIFOEM I FEICB VTR, BEEDOEREKIE
WELIRY, T4 V5V ROETFBAELIT I
5EFRL, COFRIEEITHEE KT 2
(e. g, See et al, 1995; Stroh, 1971), L» L%
D—HT, BIEEFEIEME Y 1+ V5 v RBET
b - THHRERRDED - 7 EWET BHBZ 0
(e. g., Grier et al, 2003; Hoffman, Sherrick, &
Warm, 1998), %7z, v« V35 v 2BREORE
HEFsh T aicbBb 59, BEEOFERWI
HEEKEE FRERITICE > TR T L7205 il b
HWESNTWS (Smit et al, 2000, TD LD
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LR,

BIEE 0 F BN ISRl I R T RSB LI
<,
2-3-2 &R (resource theory)
ANEDRBEERE 2 ZTT 2 evicid, EEER
DHETH % (Parasuraman, 1998 ; Wickens &
Kessel, 1980), LA L, FIHAIEERAEBEERICIE
RODH 210, RERTICHE-> TEEER IS
BL, BRER Y4 VS Vv RE BT EIEMNT
B EEZ S (Craig, 1987; Grier et
al,, 2003; Matthews, 1996; Matthews & Davies,
2001; Matthews et al, 2000; Parasuraman,
1985; See et al, 1995; Temple et al, 2000;
Warm & Dember, 1998), &ifzt i3 REE M A
REVBBICELEY 1 V5 VIDET %25 %<
HEAT AL TE S (e g, Fisk & Schneider,
1981; Nuechterlein et al, 1983 ; Parasuraman
& Mouloua, 1987 ; Smit et al, 2004), LA L,
REEHPREVES, Y1 V5 v RBEORKE
WFREINTEL B T EMNEL (e g, See et al,
1995), THODFEREDESHESENITV,
2-3-3 NA4F7Yy FEFI (hybrid model)
Matthews and Davies (2001) 3, HEESi%
ERHRICHAAL LT, 2hEhoBIcB T3
MERERR L 7o 513, EE/KEDSEIE
BEROBELHE TS L WS REHEL T, T
Db, FIEAEHESERETIRERE OEEE/KLE)
LD, L0 E L OEEEFESFIHATRESIREE
IT785 & LTWwW5 (Humphreys & Revelle, 1984;
Laurie-Rose et al, 2005; St. John & Risser,
200 CTDEFE, T4 VS vRLHEINEL
G, BEEOHEBKES Y « V5 v FED
AL ORRIC L > TIRES N Bo N T » F
TV LN, BIEEDOREKENSKT 1LEF
FRIREB AEEROENDIS 185 12, REH
ML ST 4 V5 VRFETF LTV, L
L, BIEEEORB/KENS T NIFIH AR R
BROBMNEZ, FEEFMPKEVLZDEY 4
VIV ADETHELE S,
INETOMEZHEIT 5 L, BFSETIRAN
Ty FEFTUVPRFEE L TREOZYTH S
FHBEONGE, BEEDOYT 4 VS5 VX EET
SEHLIREERLZFEARTH S LEZ NI, B
Bk T hxEEIE3ERD 1 >& LR
ABHlLbTEZ, EBE v« V5 v RREH

Vol.51, No. 2

T 7 —LREREBEOERRIEEZERLID
(e.g., Corhan & Gounard, 1976; Fontainge
& Schwalm, 1979), 71— K~y 74252 24
(See et al, 1995; Warm & Jerison, 1984), #i%&
BORBKEZHESN, Y4V VY 2RDETIR
LI BB ENREENTVS, LoL,

REKEE & BB IROBIRIEERIICH S i s
NTEST, ISBHREF, RIEVPMBETDH 3,

2-4 BEDENA

Caggiano and Parasuraman (2004) %, 7 —
F v 7 4x€Y (working memory : Baddeley &
Hitch, 1994) & v 4 U5 v 20B@RMEIcER L
TeEBREITH T & T, o nERENHREE .
WERE L, Y4 VI VRBEET—F VIR EY
HREO_EREEIT- 720 BEOFIITIFEIRL
TERONL 2D L Y FRENFTNGEE LR
TEREN, VYFORBIZIR Ry bREREI N
(X1), #EREIZ, Fo &Ly FOEBENS S
PUDHEEINIEHL O SEVESDA, K¥
VEMLTERET Lk o (T4 US
VAR, v—F v A )RETIR, ZERK
e EIRTERIRGD 2 5 T oy I TERIES h
Too ERIGHTIE, HREINATCBI S L
YFOODMNBL, N-25TIcBF30DME
E—HLTOWERE D hOYIW % L1z, FEZERIL
BT, HREINBETICBI200E VL
YFOED, N-25TiIcB 300\ L v
FOBE—HLTVBEDLESIEYW Lz, Z0
TR, Va4 VI v AFEORRE IR, FEREHETO
AR > THERIIETL, Y4 V5%
DIETHRD SN, 7—F v 7 2 ) BEDORK
MR SIFZERIR A MG L 0 SBEEITED - T,
o DRI, EEEROTHICL-TY 1Y
VADETBELTEERELTV S,
Caggiano and Parasuraman (2004) oOfEE
ZERLIANATY 9 FEFLVICYTROTER
&, BEEERE—D Ny 7> ELTHEELT
WEDHIFTIERL, REITETEH DNy 7 712
OOPNTEELTOWBE I ENFRlENE, T4 ¥
5 v ARBELBEREDRE U Ny 7 7 OBFEEZED
BIEEE, T4V VRDETHELRT L,
L, a9V v RBFELEERENR A DNy
7y DEBREEET BB, T4 V5 v R
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AH - 58 | ENEROMRNER

Trial |
A 1,900 msec a2
1 3@ A 22&3;M
3g mmzf
R | T 3
C 1,800 msec ¢ 3g B
mgg : %~
D 100 msec Sg ¢
| - o,

K1 Caggiano and Parasuraman (2004) ASHH W 75l & STR5] O F]
(Caggiano & Parasuraman, 2004 X v &)

I 3aEENEL K5, TN S5DOFHIE,
T—=F T RAEVICBIT B EFEN—-T (articula-
tory loop) MR » F,¥y F (visuo-spa-
tial sketch pad) W ED R L — 7 v X5 4 (slave
system) DS (Baddeley & Hitch, 1994) &
—¥9 %,
T—FVIAEYEY 4 V5V ZOREFRIZOW
Tid, MERERSRET b ITON TV B, KiEE
FHENMF E L-E (e. g, Rueckert & Grafman,
1998) o, A X =V v itk 583 (e. g, Paus
et al, 1997) 13, AREARIKE L AZEIERE L
T4 VTV ADHRERBTH B LAERELTY
5, CNODREERIE, 7—F v 2 ) AFIfEIL
TW3EEZONTVALHEEKTH 5 (Smith &
Jonides, 1998), % 7z, Baddeley et al. (1999) g,
Ty A 3 —BEIREELD SBRRENEE
T4 VIV RDETFNBEIAL, BEFTELKRE
WIEHELTVWS, Ty v —BHRZT —
FUYITAENVICBT BEFHRETER (executive
control) IZ/RIEMH B EENTEY (Baddeley
et al., 1991 ; Baddeley et al., 1986 ; Cossa, Della

Sala, & Spinnler, 1989), RS IZLE - THIEL
DIEBEERE RT3 L0873 - 72 & T
N5,
FRERIERIRHRR, vy V5 v RDET I
DBEHNIIE A =X L DEKITIEB 2T T L,
A CINIEEE, S 5ICRFERED TR
MHEREZRI 2RI OB TH S EEI N5, &
DicdITiF, A BRAREERAVLEY V5 v
ZOHFESERFE N B, DA, Aushi
RENHEHICED &) REANEAERL, &
DEIWEIATOFEERELHES 200 %E
BHILABY 2MENH 5, ChETRBEBS L
AEOHRICET 2[RRI, =0 s 0ER
ZEESHBKESH S,

3. REMNIEEO—RHHRL

INFETI, 20-30 pOEEHEVWR Y YT
EU2HENEEORLICBEET ATEAE L Ea—
LT&E, AETRE, 1BWRBoLEVR/ Y
THER SN EENERO - ALICERL,
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OB,
T DREWIBER AN T 5,

3-1 EEOES

2 > DIEHE 5 W IERIRE  (200-500ms) T
BRENCERT 5 &, &I 1 > HOEMIZIE
LAMETEZ1CdB0LS, 2 oHOEHNAEE
LAFRET B LB TERLB B, TOBRRIFAE
E OBt = (attentional blink: Raymond, Shapiro,
& Arnell, 1992) EFRI N, —RRICEBERRIEE
£/~ (rapid serial visual presentation) %
WTHNoN S FEfiLEa—-& LT, AE
(2003) 2SHanrcv), EEAKRREERES
&, BEEOHINIT T 5 =Rl FIAE, )
ERRINCERL, #HEEEZoRIcEAS N
B (B2, 777Ny b)) 2L 2
ThH b, BmEBREEERETE 1 BRI 10
REORIBSEIRICERE NS 120, fHxc DRl
DEVLWOZZX7Rl#E LTERT 3, 2079,
BHORESEL <, EHRHROENRIERS
EDOEEREZEEE LTHVWA I EBE VL, 22
DIEHIDREREIRICIEE L TRIINICEA S 1L 5 &,
FOEMOIEERIIET L, EBROBRINEIERS
ns X2,

ERE OB & ARSI E—IEH) O YL E IR
TEHIEDBDPL>TWVWS, FlZiE, Raymond et
al. (1992) &, HBRECEENLEHREE 3
LEBOBERHRT A LERELTVWE, &
S5iT, Ko, BB OmE~ 2 7 fili#EHE
frd 5 LABEOBENHET S EbMEL T
5o INOSORERD S, WEEICEIEN~FE
ZEFSE S L, FENOMEEREED 5
LW, FEOBEDARBICEIMNETH S, EE,
FRENONEERMEFEORXICL 2 REL L
BLOMIcEESVHEESEREE N TV S (e g,
Chua, Goh, & Hon, 2001 ; Seiffert & Di Lollo,
1997 ; Visser, 2007),

FEOBMEDOARL A 1 =X IBLT, ThE
TIARABETUPREIN TV S, BHED LT
AHZDREMIIE A B =X 2GS IS ATV
Vo LL, EDEFLOWERENE—ER I
BZENT 52 ETHE Y X7 AICEB IR0,
TORERELTHEIZENORE L LGk X
NBLEEZTVBET—HLTWVWS (e g, Chun
& Potter, 1995; Di Lollo et al., 2005; Duncan,

Vol.51, No. 2

Ward, & Shapiro, 1994; Enns & Di Lollo, 2000;
Jolicoeur & Dell’Acqua, 1998 ; Raymond et al.,
1992; Shapiro, Raymond, & Arnell, 1994; Ward,
Duncan, & Shapiro, 1996), T, Olivers and
Nieuwenhuis (2005, 2006) 1%, #HEREIZTHE
HE BRSO EBOBREFELITS &, FROBEX
LB RELLENEDLTZEE2HEL T
5o o IE, WREVPEELFEC LEBRSIERN
IR 5 LB X, RN EEOR X 3kRE
DE—FHNCERZEFEIRE (overinvestment)
THIDICEL S EEERELTL S, FERIC,

Arend, Johnston, and Shapiro (2006) %, #%
BRENEBEDOBREFEEIT > T A RUCEREE
BEES K v b OEB T REIICERT 5 &, &

(A)
FE2HEM 4 | ..
. L
AL T R
| K [+
9 ______
2 — ERIMISOA
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90 {
g
Bao !
=
e
=
70
N
#k
60 . . , .
0 200 600
ZERIRISOA(mMS)

K2 HEEOBSHIATH SN2 MK SEIMRT
(A) LHARRER (B

— 280 —



BE - 58 | EENEROHRINIRR

BOBSICL 2 REE LENEDT B & 2HE
L, Olivers and Nieuwenhuis (2005, 2006) @
FREZFELTVE, 0L, EEOEXD
FE FVICBE L T mERsEH I TV B,
S&iE, FEOBBEHRE IS W\ T ORI
ARSI S,

3-2 FEOHIELEEOEE

A, #HEBRE ORETNSENS 1 22T TH
BIL6BED LT, FEOBME AL S T &L
INTWVWB (Ariga & Watanabe, in press;
Ariga & Yokosawa, in press; Barnard et al,
2004; Folk, Leber, & Egeth, 2002, in press;
Maki & Mebane, 2006 ; Spalek, Falcon, & Di
Lollo, 2006), f|Z (¥, Folk et al. (in press)
i3, HEERE ICEERARRRTINICEA S Lo R0
TNU7 7Ny b (BEH) 28ET 52X IRD 7,
EIRBRRRIFIKEOBRNICERES N, EHOE
INITSEST U TR o S TR R B — B 7S 1 2L
L7c WhERIBD. USRI RETcERSNS
&, DFERIE & EN O RS E Y & & ITE
FIERMBET Lo L L, IhHERMEISGETE
RENB L, BEHEEROETRRE SN > 1,
Folk et al. (in press) %, #RERE DEFEHIIER
BERHET 2 LIBESINTOIDIT, ENE
BT AIERBISENEMEE LS h, &
BRI L EFRL TV S (FEREMEEERIE,
contingent attentional capture), T bbH,
ENEEE T A HERESERORXICB T 55
—E EFEIRICEREREZHEE L, %itd 5120
DRELELZF|IEE L,

D&, FEOBEESEAHEELLTHVSC
&T, HREOTELMMAE LD X D i
Han, oS WRET TRIEREICHES Dh
ZFRBIENTE D, INTTOWETIE, 15
ERE L ENOYENRFEA - L TV E5E
(e. g, Folk et al, 2002, in press; Spalek et al.,
2006), DHERIE & ERSEERAICEMUL TV S
184 (Barnard et al, 2004), & 5I3PhEFRI
LB OEHRR S —H L TV 554 (Ariga
& Yokosawa, in press) ICHFERIBIN L THE
BEORENELLZ I EBbhroTWS, F 1,
Ariga and Watanabe (in press) (3, #EERED
ERTNXGFREOREEH S5 DA - T

T, HERECE L THEBROMIR AL, —i
RIS MEEAR S| ZEC I N3 T EA2HEL TV
5o TN OO, EE &AL 05 EHE
FEEREEFHNICE Y, FEOBEEREARS
WWHEREARLITHE S C E 2SI LTV B,

3-3 EEOHE®

Ariga and Yokosawa (2008) i, #E&ZE A
I SFEEEIT> TR VI OBED 5T, B I
BEARICRA T EMH B LEEL TV S, 51,
KETHOGNIET VT > Xy b (745-) 25
HBRREEER L, FoficAecflirnltriv
7rNy b (R 212 FEA LY (K3 A),
R IRVIR TR FEARE T 2 T &0
Kb oni, BHDERS A I v I 2ZRFIAD 2

(A)

FILITFRYNRE:
SOA=100ms
E ZEH(2-19%H)
o’.
+

80

BHEEE (%)
=

(o2}
o

50"

3 Ariga and Yokosawa (2008) 23H W 7-#llE%R
ol (A) LEER B)
BEROERIAIVIN2-4FZBBDEXEE 1
Bin, 5-T&HBHDL X225 2Bin &L, £ 6Bin
MERESNTWVWS (Ariga & Yokosawa, 2008
ZILICERD,
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DHEEETER,

ZH» S VEEHOMTERELILLE A, RO
SRBIEHRK 600 ms Off, #WEERIENEZEER
KCBEETCENbh- (3B, WERED
WETNEENIZ 1 >THY, EHIKRITLTH
BEOFEEREZNEET 2 L ) BHIBEERIN
Whrotolcw, BROERSA I v 7icBb 59
EEERI—TCITFEInhT0WhkEELONS,
NI HEED ST, RIIOFEERS TREENS &
 Bpe 4, EHEIERIZEF LA, Ariga and
Yokosawa (2008) 2 DHZE %, bih bEE
DIRD S REDTZ OEEEZI RIHEFIiciaZ
52T, FEDHEY (attentional awaken-
ing) E&fT 7,

FRE RSB O BRERITHED BRI, H<»
5AEITHAR®NE  (foreperiod effect: Niemi &
Néstanen, 1981) & LTHIGNTWS, JEiTHA
RIZIR &1, HERELSRIET NEEIZEITLT
AE(SE (warning signal) 2257 5 &, BL
5 E1EH)D SOA (stimulus onset asynchro-
ny) WEWIEE, BRI T 2 RIGK R <
KBHEETH B, Ariga and Yokosawa (2008)
i, XERFIOZE/RETIC 0-600 ms O EFREH 72
e GETHRED 2HAL, BEEOBRD LT
PO ELZ T 200 ERHN, TOREE, 5
THRoEEIIRONT, FEOBEEDICIIET
HRIhER L 3R A H =X a5 LTVE T
LRI NI, EB6IT, WO, XFRIOER
Bl KBEOFEERY] (e.g, 47, “%") %600
msfEIERL TS, FEOHEDRIELZ L%
MELTVE, CORERE, FEOHREDY, H
HYRFAZBI 007 ) v hNOHIENZE
EERML TS0 TR, FEREERH R
REVEATNCE D SR Y X 7 4O HEBHIERS
TOoERERMLTVWE I EERELTVS,

Ariga and Yokosawa (2008) 1, Z&EOHE
BH, ERERREBICET 5 HENER ORI
HEBEEARRL TVWB EEZ T, KODHMIR
UTo@0TH2, 9, IR VAT &3, SHE
RENLTXTORBICOVWT, BOTR, Bk
1L DREBERFBILL, SRR (conceptual
representation) %JZp%d % (Chun & Potter,
1995; Potter, 1976, 1993), L& L, COERET
ERsnicRRZEMTHRL, v xF v 70
BAZFPTWV (e.g, Chun & Potter, 1995;
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Giesbrecht & Di Lollo, 1998), % O#ilE % &k
HICEIET B cdicid, EBEZAT CRREEE
{t. (consolidation) 3 3./4EH»%H 5 (Jolicoeur,
1999 : Jolicoeur & Dell’Acqua, 1998), EEET
RETIE, IXTORBICK L TEREZRT 5 C
EAREIRET D B 7, BRI L CEIRICHE
BxAJ 504EHH 5, Ariga and Yokosawa
(2008) %, mEEENREICH L CEBEEHALEL
TwhiE, BRI L TEBREETICET S T &
BTEZEEI, TOEALR, RENEEDOE
MUAEC SV TRES WX — 4L v XOHES
(Castiello & Umilta, 1990; Eriksen & St.
James, 1986 ; Eriksen & Yeh, 1985) (c@3kd 3,
ZERMIE X — & by XOBETIE, FEEDZERIC
EEZHEET 5 & T, ZOEBNTEEDRE
EhM LRI 3, Ariga and Yokosawa (2008)
i, RIBOBRBRICESVWTHELZTHEET5C
LT, AENEROHEMBGERERL, ©
N> TENEIERS ERT5EEZ 1,
FEOHED LEEOBRXOBRKRIIOVT,
Ambinder and Lleras (2008) A»SERBRIZEVEER
EfT-oT05, #5613, FEROBEIICBVLT, 5
—EHORERAFH VI EEEOREICL IR
EELBERTEE0VHE (e g, Seiffert & Di
Lollo, 1997) w&HB L7ze 2% 0, EEOHED
IZBWT, RYIOHIEEERYIC 2R S N/ AZR D fa]
S DMEEROFELZ I CRELINTVS
DTHNE, RINOHEHDICERS NI H R
FREENOREZE LEBARSIE S ETFHIL
Lirl, B—EHOERSA I V7 BEROR
LB REE LBICKEEEEA X1, O
HB5 5, Ambinder and Lleras (2008) &, *
BEOHEDICIAFRDOREZ KBV THEI NS E
EBERE IO 7 o 205 LT3 bR
L7co k72, #2513 Ariga and Yokosawa (2008)
EIERE, EFEEOBHRDIC X B RFIFIEERRS TORE
D REE LiIE, EEERRIICXT 2EROFK
EHAR] (set-up time) ZKBLTW3EFIEL
TW3, FROHEDPHE VAT LDED LS
BT XA ERMLTVEOBIT2VTIE, BHS
DICESBROBRIAPBETH 5,
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AT, HENEEORKBNRREHTEHR
L Ea—L1, BIETR, BROEEOARL%E
FIT T4 VI VAOEKTICBAL T, HENISHTZE
D OROE OWFFL E TEMERYICHE L, ARER
P T F VS E AR LTS L 72, BT,
RAEAEBRO—HHALE2ERTERORE PER
DEHEDERICOWVT, SHTOPFLENR & i
L 7o

SEIDLVE 2 =5, EEOHEIERLIREL 13
RAETFTTFHETERIVEBE I LRHASLTH %,
ELzovycRAE, FERHE O B BRI
B|IZ & - THEEBEOFEMIERRL ICRDbN 5,
Bz vicEET R, BREIERICERS
N5 ITNTOEHICH L THFIEEERIT 5 2
EDNTERV, A DOHFEEFBICB T 5 —EDR
HITEBYAS, WA ¥ OFFAREOERIC K - T
RO ->TWVWBEEZ NI, Behle tZ(Ld 3
KrOFEM7owRET 4 V5 v AORERIETTD
BT ELOTERVREETH S, L LS,
BREETRE TN AN ERT 5 T L IdHEL
Vo A3, HENEEOEMERIC>\WTE
ERR T 7o —FRigsh s,

REMERIREROANNSIEREREECTH
Bicd, TNHEEARICHS WS T &,
Fx OHBEEFBICBOTHBD TERHIEEETH
L5TEREIETTHRV, BEUNS, FaBE
BOKEALEFZLICEET 2 L LYV, L
DLEBS, FEROBFHREDEZ (Olivers &
Nieuwenhuis, 2005, 2006) (%, FEOKELE
EE/NRICEED BT ENTEBLEBELTVS
BT ICEEREY, FEE[HS LIk 3885
MEOREZ T T, FEREBEBRMCELIZV
TEitE-ThbENB A v b b, 5HROE
BN TRITINEFEL L ETH A9,

X i3
Ambinder, M. S., & Lleras, A. (2008). Preparing to
see and preparing to switch: Two distinct at-
tentional limitations on the perception of rapid
serial visual events. Manuscript submitted for
publication.
Arend, I, Johnston, S., & Shapiro, K. (2006). Task-

irrelevant visual motion and flicker attenuate
the attentional blink. Psychonomic Bulletin &
Review, 13, 600-607.

Ariga, A., & Watanabe, K. (in press). Temporal dis-
sociation between category-based and item-
based processes in rejecting distractors. Psy-
chological Research.

Ariga, A., & Yokosawa, K. (2008). Attentional
awakening : Gradual modulation of temporal
attention in rapid serial visual presentation.
Psychological Research, 72, 192-202.

Ariga, A., & Yokosawa, K. (in press). Contingent
attentional capture occurs by activated target
congruence. Perception & Psychophysics.

Baddeley, A.D., Bressi, S, Della Sala, S., Logie, R.
H., & Spinnler, H. (1991). The decline of
working memory in Alzheimer’s disease: A
longitudinal study. Brain, 114, 2521-2542.

Baddeley, A., Cocchini, G., Della Sala, S., Logie, R.
H. & Spinnler, H. (1999). Working memory
and vigilance: Evidence from normal aging
and Alzheimer’s disease. Brain and Cognition,
41, 87-108.

Baddeley, A.D. & Hitch, G.]J. (1994). Develop-
ments in the concept of working memory.
Neuropsychology, 8, 485-493.

Baddeley, A.D., Logie, R.H., Bressi, S. Della Sala,
S., & Spinnler, H.(1986). Dementia and work-
ing memory. Quarterly Journal of Experimental
Psychology, 384, 603-618.

Ballard, J.C. (1996). Computerized assessment of
sustained attention: A review of factors affect-
ing vigilance performance. Journal of Clinical
and Experimental Neuropsychology, 18, 843-863.

Barnard, P.J., Scott, S., Taylor, J, May, J, &
Knightley, W. (2004).
meaning. Psychological Science, 15, 179-186.

Berka, C., Levendowski, D.J., Lumicao, M. N., Yau,
A., Davis, G, Zivkovic, V.T. Olmstead, R.E,
Tremoulet, P.D., & Craven, P.L. (2007). EEG
correlates of task engagement and mental
workload in vigilance, learning, and memory
tasks. Awviation, Space, and Environmental Med-
icine, 78 (Section II, Suppl.), B231-B244.

Binford, J.R., & Loeb, M. (1966). Changes within
and over repeated sessions in criterion and
effective sensitivity in an auditory vigilance
task. Journal of Experimental Psychology, 72,
339-345.

Caggiano, D. M., & Parasuraman, R. (2004). The
role of memory representation in the vigilance
decrement. Psychonomic Bulletin & Review, 11,
932-937.

Paying attention to

_283_



CHREETER,

Castiello, U., & Umilta, C.(1990). Size of the atten-
tional focus and efficiency of processing. Acta
Psychologica, 73, 195-209.

Chua, F. K., Goh, J., & Hon, N. (2001). Nature of
codes extracted during the attentional blink.
Journal of Experimental Psychology : Human Per-
ception and Performance, 27, 1229-1242.

Chun, M. M., & Potter, M.C. (1995). A two-stage
model for multiple target detection in rapid
serial visual presentation. Journal of Experi-
mental Psychology: Human Perception and Per-
formance, 21, 109-127.

Corhan, C. M., & Gounard, B.R. (1976). Types of
music, schedules of background stimulation,
and visual vigilance performance. Perceptual
and Motor Skills, 42, 662.

Cossa, F.M,, Della Sala, S., & Spinnler, H. (1989).
Selective visual attention in Alzheimer’'s and
Parkinson’s patients: Memory- and data-driven
control. Neuropsychologia, 27, 887-892.

Craig, A.(1987). Signal detection theory and pro-
bability matching apply to vigilance. Human
Factors, 29, 645-652.

Davies, D.R., & Parasuraman, R. (1982). The psy-
chology of vigilance. London : Academic Press.

Deaton, J.E.,, & Parasuraman, R. (1993). Sensory
and cognitive vigilance : Effects of age on per-
formance and subjective workload. Human
Performance, 6, 71-97.

Di Lollo, V., Kawahara, J., Ghorashi, S. M., & Enns,
J.T. (2005). The attentional blink : Resource
depletion or temporary loss of control? Psy-
chological Research, 69, 191-200.

Dobbs, A.R., & Rule, B.G. (1989). Adult age differ-
ences in working memory. Psychology and Ag-
ing, 4, 500-503.

Duncan, J., Ward, R., & Shapiro, K. (1994). Direct
measurement of attentional dwell time in hu-
man vision. Nature, 369, 313-315.

Enns, J. T., & Di Lollo, V. (2000). What’s new in vi-
sual masking? Trends in Cognitive Sciences, 4,
345-352.

Eriksen, C. W., & St. James, J.D. (1986). Visual
attention within and around the field of focal
attention: A zoom lens model. Perception &
Psychophysics, 40, 225-240.

Eriksen, C. W., & Yeh, Y.Y. (1985). Allocation of
attention in the visual field. Journal of Experi-
mental Psychology: Human Perception and Per-
formance, 11, 583-597.

Eysenck, M. W.(1982). Attention and arousal. Ber-
lin/ New York : Springer.

Fisk, A.D. & Schneider, W. (1981). Control and

Vol.51, No. 2

automatic processing during tasks requiring
sustained attention: A new approach to vig-
ilance. Human Factors, 23, T37-750.

Folk, C.L. Leber, A.B, & Egeth, H.E. (2002).
Made you blink! Contingent attentional cap-
ture produces a spatial blink. Perception &
Psychophysics, 64, T41-753.

Folk, C.L. Leber, A.B, & Egeth, H.E. (in press).
Top-down control settings and the attentional
blink : Evidence for nonspatial contingent cap-
ture. Visual Cognition.

Fontainge, C. W., & Schwalm, N.M. (1979). Ef-
fects of familiarity of music on vigilance per-
formance. Perceptual and Motor Skills, 49, 71—
74.

Frankmann, J. P,, & Adams, J. A. (1962). Theories
of vigilance. Psychological Bulletin, 59, 257—
272.

Giesbrecht, B.L. & Di Lollo, V. (1998). Beyond
the attentional visual masking by object sub-
stitution. Journal of Experimental Psychology :
Human Perception and Performance, 24, 1454—
1466.

Green, D.M, & Swets, J. A. (1966). Signal detec-
tion theory and psychophysics. New York: Wiley.

Grier, J.B.(1971). Nonparametric indexes for sen-
sitivity and bias: Computing formulas. Psy-
chological Bulletin, 75, 424-429.

Grier, R. A, Warm, J.S., Dember, W.N.,, Matthews,
G., Galinsky, T.L., & Parasuraman, R. (2003).
The vigilance decrement reflects limitations in
effortful attention, not mindlessness. Human
Factors, 45, 349-359.

Guralnick, M. J. (1972). Observing responses and
decision processes in vigilance. Journal of Ex-
perimental Psychology, 93, 239-244.

Guralnick, M. J. (1973). Effects of event rate and
signal difficulty on observing response and
detection measures in vigilance. Journal of Ex-
perimental Psychology, 99, 261-265.

Hebb, D.O. (1955). Drives and the CNS (concep-
tual nervous system). Psychological Review,
62, 243-254.

Hoffman, R. R,, Sherrick, M. F.,, & Warm, J. S. (Eds.).
(1998). Viewing psychology as a whole : The in-
tegrative science of William N. Dember. Wash-
ington, DC: American Psychological Associa-
tion.

Humphreys, M. S., & Revelle, W.(1984). Personali-
ty, motivation, and performance: A theory of
the relationship between individual differences
and information processing. Psychological Re-
view, 91, 153-184.

_284_



R - B8 HENEROIKHERA

Jacoby, L.L.(1991). A process dissociation frame-
work : Separating automatic from intentional
uses of memory. Journal of Memory and Lan-
guage, 30, 513-541.

Jerison, H.]., & Pickett, R. M. (1964). Vigilance:
The importance of the elicited observing rate.
Science, 143, 970-971.

Jolicoeur, P. (1999). Concurrent response-selec-
tion demands modulate the attentional blink.
Journal of Experimental Psychology : Human Per-
ception and Performance, 25, 1097-1113.

Jolicoeur, P., & Dell’Acqua, R.(1998). The demon-
stration of short-term consolidation. Cognitive
Psychology, 36, 138-202.

Karatekin, C., Marcus, D.J,- & Couperus, J. W.
(2007). Regulation of cognitive resources dur-
ing sustained attention and working memory

in 10-year-olds and adults. Psychophysiology,
44, 128-144.

AR —ER (2003) FEOBE LHEEEFH, 46,
501-526.

Koelega, H.S., Brinkman, J, Hendriks, L., &

Verbaten, M. N. (1989). Processing demands,
effort, and individual differences in four dif-
ferent vigilance tasks. Human Factors, 31, 45—
62.

Krulewitz, J.E., Warm, J.S., & Wohl, T.H. (1975).
Effects of shifts in the rate of repetitive stim-
ulation on sustained attention. Perception &
Psychophysics, 18, 245-249. ‘

Laurie-Rose, C., Bennett-Murphy, L., Curtindale, L.
M., Granger, A.L., & Walker, H.B. (2005).
Equating tasks and sustaining attention in
children and adults: The methodological and
theoretical utility of d’ matching. Perception &
Psychophysics, 67, 254-263.

Loeb, M., & Binford, J.R.(1968). Variation in per-
formance on auditory and visual monitoring
tasks as a function of signal and stimulus
frequencies. Perception & Psychophysics, 4, 361
-367.

Loeb, M., Nooman, T.K., Ash, D. W., & Holding, D.
H. (1987). Limitations of the cognitive vigi-
lance increment. Human Factors, 29, 661-674.

Mackworth, N.H. (1948). The breakdown of vigi-
lance during prolonged visual search. Quarter-
ly Journal of Experimental Psychology, 1, 6-21.

Macmillan, N. A, & Creelman, C.D. (1991). Detec-
tion theory: A user’s guide. Cambridge, UK:
Cambridge University Press.

Maki, W.S., & Mebane, M. W. (2006). Attentional
capture triggers an attentional blink. Psycho-
nomic Bulletin & Review, 13, 125-131.

Matthews, G. (1996). Signal probability effects on

high-workload vigilance tasks. Psychonomic
Bulletin & Review, 3, 339-343.
Matthews, G. & Davies, D.R. (2001). Individual

differences in energetic arousal and sustained
attention: A dual-task study. Personality and
Individual Differences, 31, 575-589.

Matthews, G., Davies, D.R., Westerman, S.J., &
Stammers, R.B. (2000). Human performance :
Cognition, stress, and individual differences.
East Sussex : Psychology Press.

Mikulka, P.J., Scerbo, M. W, & Freeman, F.G.
(2002). Effects of a biocybernetic system on
vigilance performance. Human Factors, 44, 654~
664.

Niemi, P., & Naitdnen, R. (1981). Foreperiod and
simple reaction time. Psychological Bulletin, 89,
133-162.

Nuechterlein, K.H., Parasuraman, R, & Jiang, Q.
(1983). Visual sustained attention: Image deg-
ration produces rapid sensitivity decrement
over time. Science, 220, 327-329.

Olivers, C.N.L. & Nieuwenhuis, S. (2005). The
beneficial effect of concurrent task-irrelevant
mental activity on temporal attention. Psy-
chological Science, 16, 265-269.

Olivers, C.N.L., & Nieuwenhuis, S. (2006). The
beneficial effects of additional task load, posi-
tive affect, and instruction on the attentional
blink. Journal of Experimental Psychology : Hu-
man Perception and Performance, 32, 364-379.

Parasuraman, R. (1979). Memory load and event
rate control sensitivity decrements in sus-
tained attention. Science, 205, 924-927.

Parasuraman, R. (1985). Sustained attention: A
multifactorial approach. In M. I Posner & O.S.
M. Marin (Eds.), Attention and performance XI
(pp. 492-511). Hillsdale, NJ : Erlbaum.

Parasuraman, R. (1998). The attentive brain. Cam-
bridge, MA : MIT Press.

Parasuraman, R., & Davies, D.R.(1977). A taxono-
mic analysis of vigilance performance. In R. R.
Mackie (Ed.), Vigilance : Theory, operational per-
formance, and physiological correlates (pp.559—
574). New York : Plenum.

Parasuraman, R., & Mouloua, M. (1987). Interac-
tion of signal discriminability and task type in
vigilance decrement. Perception & Psychophys-
ics, 41, 17-22.

Paus, T., Zatorre, R.]J, Hofle, N, Caramanos, Z.,
Gotman, J., Petrides, M., & Evans, A.C. (1997).
Time-related changes in neural systems under-
lying attention and arousal during the per-

_,285_



LERERR,

formance of an auditory vigilance task. Jour-
nal of Cognitive Neuroscience, 9, 392—-408.

Pollack, I, & Norman, D. A.(1964). A nonparame-
tric analysis of recognition experiments. Psy-
chonomic Science, 1, 125-126.

Potter, M. C. (1976). Short-term conceptual mem-
ory for pictures. Journal of Experimental Psy-
chology : Human Learning and Memory, 2, 509—
522.

Potter, M.C. (1993). Very short-term conceptual
memory. Memory & Cognition, 21, 156-161.
Raymond, J. E., Shapiro, K. L., Arnell, K. M. (1992).

Temporary suppression of visual processing in
an RSVP task: An attentional blink? Journal
of Experimental Psychology: Human Perception

and Performance, 18, 849-860.

Robertson, I. H., Manly, T., Andrade, J., Baddeley, B.
T., & Yiend, J. (1997). ‘Oops! Performance
correlates of everyday attentional failures in
traumatic brain injured and normal subjects.
Neuropsychologia, 35, 747-758.

Rueckert, L., & Grafman, J. (1998). Sustained at-
tention deficits in patients with lesions of pos-
terior cortex. Neuropsychologia, 36, 653-660.

Schneider, W., & Shiffrin, R. M. (1977). Controlled
and automatic human information processing :
I. Detection, search, and attention. Psychologi-
cal Review, 84, 1-66.

See, J.E., Howe, S.R., Warm, J. S., & Dember, W. N.
(1995). Meta-analysis of the sensitivity decre-
ment in vigilance. Psychological Bulletin, 117,
230-249.

Seiffert, A.E., & Di Lollo, V. (1997). Low-level
masking in the attentional blink. Journal of
Experimental Psychology : Human Perception and
Performance, 23, 1061-1073.

Shapiro, K. L., Raymond, J. E.,, Arnell, K. M. (1994).
Attention to visual pattern information pro-
duces the attentional blink in RSVP. journal
of Experimental Psychology: Human Perception
and Performance, 20, 357-371.

Smit, A.S., Eling, P.A.T.M, & Coenen, A.M.L.
(2004). Mental effort causes vigilance de-
crease due to resource depletion. Acta Psycho-
logica, 115, 35—42.

Smith, E.E.,, & Jonides, J. (1998). Neuroimaging
analyses of human working memory. Proceed-
ings of the National Academy of Sciences of the
United States of America, 95, 12061-12068.

Spalek, T.M,, Falcon, L.]J., & Di Lollo, V. (2006).
Attentional blink and attentional capture: En-
dogenous versus exogenous control over pay-

Vol.51, No. 2

ing attention to two important events in close
succession. Perception & Psychophysics, 68, 674—
684.

St. John, M., & Risser, M. R. (2007). Mitigating
the vigilance decrement: Perceptual versus cog-
nitive interventions. Proceedings of the Fourth
International Conference on Augmented Cogni-
tion. Baltimore, MD.

Stroh, C. M. (1971). Vigilance: The problem of sus-
tained attention. Oxford : Pergamon Press.

Temple, J.G., Warm, J.S., Dember, W. N., Jones, K.
T.S., LaGrange, C. M., & Matthews, G. (2000).
The effects of signal salience and caffeine on
performance, workload, and stress in an ab-
breviated vigilance task. Human Factors, 42,
183-194. '

Visser, T. A.(2007). Masking T1 difficulty : Proces-
sing time and the attentional blink. Journal of
Experimental Psychology : Human Perception and
Performance, 33, 285-297.

Ward, R., Duncan, J., & Shapiro, K. (1996). The
slow time-course of visual attention. Cognitive
Psychology, 30, 79-109.

Warm, J.S. (1984). An introduction to vigilance.
In J.S. Warm (Ed.), Sustained attention in hu-
man performance (pp.1-14). Chichester, UK:
Wiley.

Warm, J.S., Chin, K., Dittmar, M. L., & Dember, W.
N. (1987). Effects of head restraint on signal
detectability in simultaneous and successive
vigilance tasks. Journal of General Psychology,
114, 423-431.

Warm, J.S., & Dember, W.N. (1998). Tests of
vigilance taxonomy. In R.R. Hoffman, M.F.
Sherrick, & J.S. Warm (Eds.), Viewing psy-
chology as a whole: The integrative science of
William N. Dember (pp.87-112). Washington,
DC: American Psychological Association.

Warm, J.S., & Jerison, H.J.(1984). The psycholo-
gy of vigilance. In J.S. Warm (Ed.), Sustain-
ed attention in human performance (pp. 15-60).
Chichester, UK : Wiley.

Wickens, C.D., & Kessel, C.(1980). Processing re-
source demands of failure detection in dynam-
ic systems. Journal of Experimental Psychology :
Human Perception and Performance, 6, 564-577.

Williams, P.S. (1986). Processing demands, train-
ing, and the vigilance decrement. Human Fac-
tors, 28, 567-579.

—2008. 4. 1 =¥ —

— 286 —





