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PSYCHOLOGICAL EXPLORATION
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Be 10% BB o 445 R bk REES K- T & THRFRILN, EELAMRBATRS ki
5T TORTRET N, T3R8 3RARG o ) 200 o dE 4 2 200 A0 R 3, TR R ity
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2017) B9 9% ( Raaf, Klerk , & Rijt, 2013 ) 38 3% 5 i 7
B/ RV T TE SRR T AR AR TR B O B A BRR S
( Phillips,2015 ; 20455, 2016 ) , 3@ # HEBEE A FFIR |
RS SIHLUT B A 3 AR5 (Ishii, Tanaka, & Wa-
tanabe ,2014) , 557 2 AN R E LB 2421
gt R & ( Williamson et al. ,2011) , JuH B4 KHL
Pos RPN R B SESTEAR ] SRR T BB
B4 55 % ( Connor ,2009 ; Ishii et al. ,2014) , JFIF ]
LAy kG A 27 R0 J19% 5 (Ishii et al. ,2014 ; Mar-
cora, Staiano , & Manning ,2009) , #H%} F4& BH B A3
RETEAI IS5 57 , KPR 55 48 A A [A] 34 4
ARG SIEAE S 518, W RAT AR ER R
¥l ( Faber, Maurits, & Lorist, 2012 Tshii et al.
2014 ; Marcora et al. ,2009; Van Cutsem et al. ,2017)
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KPR 55 AT A R I FERIAPATE
T BE I RRAR 50 /K 1T W, LA fin Lokt B s 62 55 07
., ERPFRRI,EHEIT FBER TR AT
£ (Lorist et al. ,2000) Fif ALt R ( Van der Linden,
Frese,& Meijman,2003) 2 5 L1 #%H 68 51 &
I (Lorist, 2008 ) , KI5 55 MAS [ 5 ThG 32 Wi ¢ 12X A9
TR, SBHGART T R 5 Z 9 (Csathé, Van
Der Linden, Hernadi, Buzds, & Kalmar,2012) . G %
5B N (Faber et al. ,2012) | &y &FAFAE 1K fin L
(Van der Linden & FEling,2006) 2888 /1 B & T %,
R 57 3 BUE 8 T [ ( Mackworth, 1948 ) , WL5%
ETEM RO, B PR (e, TR ES R 0%
TR W55, B8 K T B B B ) F 4 i T
8%, SEO B AR R BUSAE T, 20T R
5E BUAT: 55 1 I B R 48 F 4 R 3 B (See,
Howe , Warm, & Dember,1995)
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R IRAE S R ZKCE A ], R 55 RS X IR TA
AT B A 1) FE SR 55 (active fatigue ) FIJE T
N A A R 51 B #2355 (passive fatigue )
( Desmond & Hancock,2001) , BWFEEN, 58524
FESAE L, TR AT 55 B8 320 M 55 3R ( Guo, Chen,
Zhang ,Pan,& Wu,2016 ; Thomson, Besner, & Smilek,
2013) , (HWABFERBL, TERH RN AES T,
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PR SE AT 55 P48 1R DL BB & 9 55 1 n T & 2
&, AT RAE 5 H AR 32220 ( Haga , Shinoda, &
Kokubun,2002 ; Helton & Russell ,2011) , K51 ¢ 55
XFRIWAT A B, R T R 5K PR ER, T
REIC TR T T 05K R SRR AE I B, I FRRERE
Z AR OISR S GG R B 57
RO AT A A 55 R W 55 A% P8 57 X0 4T iy 52 i 1
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¥ 13 3 % 5 % 1T % ( Psychomotor Vigilance
Task, fAj# PVT) ( Dinges & Powell, 1985) & —FhT~
R T I B geE BAR A (K VB ARG
AT AR %, 2 32 B 38 2o 0 58 W A5 5 1 B B
i) Rz By 0, PR RS e B T o B BRI
FEARAEAL, , WI DA A A B B PR A [R) 4 B Sz B9 55
X$47 A4 B # 0i ( Dorrian et al. ,2005) . 3 rh 4 H
BT RFERR FE A LU A~ : (1) R 10% Kb
AT HRIAP BRI, SR B K1
( Drummond et al. ,2005), (2) {F & Z W2 F5 % H|
T O B RE I, 2 B 1 1K B 16 P 7K - 284K ( Dorrian,
Rogers , & Dinges,2005 ; Jung et al. ,2011), (3)3F1y
JEE 02 SRR AT 55 o TRIRRORE , Jz B 4
KA, (4) 518 10% [ it FEATE 20T
PAY BRI O I [, B B B K T #9742 4 ( Dinges &
Powell ,1985 ; Drummond et al. ,2005; Lim & Dinges,
2008) . PVT {£55 B A #AE R 8, 52 2 U/, 24
TR2E R R /), R AR AR A b a2 28 T B 4 [ 4
A2 R0 AT (Dinges et al. ,1997) o MIXHI (AL
BER TR AU B IS BE 2 AR S R BRGR 34 0.
89 ( Dorrian et al. ,2005) ; X FEIRF]< ( Basner et al. ,
2008 ). X 7y %4 5§ ( Walsh, Randazzo, Stone, &
Schweitzer 2004 ) 1 £4 %51 ( Buckley, Helton, Innes ,
Dalrymple — Alford , & Jones,2016 ) ZEH15% 52 v R4,
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BRI R B SRS, I s X PVT {54
[FIFEAR IR, 52 A R 55 RS X7 9 R B 52
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JEIIFIE R 44 BERARAETIRAS
TASEE, P B A 11 4, 33 4, FREHE
17 ~30 & S FH 4R 21.38 £2.49 ¥, SEHRET—
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ToH BAEIRAS 2 , BA IR IS #SE 25 , SE B Rl 4 /)
I EONER B o BT S RUIR A ) B IEAR ) 1E
WL EFF
2.2 BBEFHH

FRA BRI 17 FE R 4607 CRT 2R
PR, Ay RN 1280 x 1024, il 5 i % 5 85Hz,
LIS R FF 3% H) MATLAB Psychtoolbox — 3 ( Brainard,
1997) il -
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/N A7 A B B e 1 13 SRR IR B b )
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AL R AT 45 Z A, #R T E 58 MU [R) 9 PVT {E
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\%ﬁﬁﬁﬁs)ﬁ%%

RS

£H 70 K, A LR AFER RIS M PVT L5
# 280 1Ko B RATE BTSSR — RO EWIE
TR o U —MIEE PUALIR 1K PVT L5518

%ﬂ%%ﬁiﬁ*%l@’??%ﬁﬁa& T BOXHRIE RS
%% 65em . FEIEA LR ZATIIA %

(b)

2 BMRARTEE ) MRERES;D)PVI S

MRS (WA 2a) F, GHARIT IR BT,
B R B @ ERHE R EW R, B
[BI W BEAL 1 ~6s, BfiJm 75 ELAE A 10° B RE 0L BT ) 1B
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AT (F 2 T) L2 BLAE 7 /\I@ HEE—T,
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W% F RN, 5 HAR RN T A, gk T R
B, ¥ A 3 5 R R B Shat AT — MK

PVT {155 (4N 2b) o, - MRRIT 1 S RAT
S —2, AR AERME, 2IHHE 1 ~ 65, — B 5
RENA BT I3, BESRPARRE 2 AR S L, T
BT R BT MR R B S BT AR, YOSk )R
B S BRI, ASIEAT AR,

XA 2R O - Xk BEAL S BL AL IE 1 R A2 55
B PVT {155 vEfa I s i o S B
2.4 HERBRAE

TN 7 5 PFFE PVT {E 5 & f5 bnafid it SPSS
23.0 BAMERE MR T Z 0. I IF A I
SEHRT A BIPIR B AL, B SCRIT IR+
G RE SCARI IR B, fJa o LR B B,
ELAE PVT (155 BP9 R 10% [ RER i3 T8 2 AR

B S B A B A8 10% B oL i PO F8 4 , 723X
P BB ER S, BAATS , IR B B A
SR, VX BN B R A [ B i A R S, B 1R -4
{8 bR 10% S B R84 B BEHEF ZERT 10% 1K
(RIS s R B, B2 18 10% F2 o7 s B A 24 B B 4k 37
5 10% R EE, FEZRBEEE S5E
S5 ISR R 5C, 55 75 IR AR 45 I TRIB , A KR
PS50 B A B 3R X T 2 B ¥ B ) 5
( ( Buckley, Helton, Innes, Dalrymple - Alford, &
Jones, 2016; Grant, Honn, Layton, Riedy, & Van
Dongen ,2017) , AWM KT 2. 5 452 2 B iof A5
HE2E (217 ms ) VE R ERATE 55 I [A] 80 AR 55 T B9
TR ( Buckley et al. ,2016) RnE] & F
B[ RL I (472ms ) H 30 R T R 22 070 B U, BpAC
BrIH RIS KT 689ms HHE g 1 KA, KRGS
M8 Dinges et al. (1997) BIARMER L, B Y0A%E
B BB AR B AT e e + Vo + 1 (x AR
B0 AR BERABIK
3 ERHSW
3.1 HEESHERSN

F1 BREERENR(HE - FER) Bfims

% BB KEHB

oy BT 5% 590. 84 £20.68 553.55 £18.92
BT 5 797.67 £36.34 727.69 £32.48
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B 1 &80 LASh, BT A B s 18 R 557 1
IEWERA 95. 70% , B Y IEHH 3 65.73% , fiL
T3 PR EZE LS , R IGHAIR A 5347, Ja 802K
WIS 43 Ak,

MG RIS N (RR D) MEENRE S
ZOT RN R ESERE FRN B E(F(1,41) =
24.55,p <0.001,%° =0.38) , ik M AT 5 R
DB T BT 58 R e ) FEHE R AT S5, UL A
WA KO IERAER 3, IR S A E B E W
MG ER B ERNBE(F(1,41) =43.27,p<
0.001,n> =0.51) , T 55 RSzt [ AR K , it I 7
B, BT AR AE B I 25 ST 30 5 £ 55 e 8] PR 38 B4
%82 (F(1,41) =4.02,p =0.052) , KT i#
— AR RUES AT AR BB RAT
FREFIEER , MICIFEA s IR BR &0
TS 55T 0056 B BOF- 3 I g B4 S 2 8 TR
REE, HgeiHE 0 8 AR AT 55 (1(21) =
3.35,p=0.003, Cohen’ s d =0.75) ; B {5 (1
(20) =5.79,p <0.001, Cohen’ s d =1.29) ZE %
W, AR ST SR T, BRAEAE 03 I 2R 2T BN o
3.2 AWMEFTREGERIN

£2 EFAEEREE(E - FHER)

55k f2E = 1g=a KRB B
AT 84T 45 3.18£0.72 6.45 +1.43
BT % 3.38 +0.34 6.71 £0.41

AW L 5T B IR A K B A 52 AN [R]
KRS R B ERRE T R B R 57 . R 2 ATAI,
ANERERLFERE TS, REN BT B
THEEA BER M, Xt EMRSETRER TER
M T 251 WoR < B E) B3N W3E (F(1,41) =
115.09,p <0.001, 5> =0. 74) , ViEAE i3 437 224 ) i)
W55 # 2 5 RGO M 97 RE . 5 TERA R
#(F(1,41) =0.29,p =0.59) , BMIEA [RE 55 i
AT R EMME WG RERAZER. XA
Vet R B2 (F(1,41) =0.01,p =0.92),

3.3 PVT 44T & RoH

N T BB HR RT 4 K AR SRS
RBAEZER X PVT ANRHFERIAT T 408,
LR G BERIA BB BB 10% R 1 75 2 AR
W B R BB, &8 10% 2N B AT LG AR
(WFE3),

*3 PVI FEGEESKFTENRRL(HE + HFEIR)

PVT {E554888 (£S5 WIIBE KRB

109 S 303.63£8.25 326.34£10.21
S AgZefEs  282.35+8.09 308.93 £10.47
IS 4.36£0.31  5.24£0.51
HIT4%  3.2520.22  3.69£0.37
HATS 454.94£12.17 480.27 +18.13
T4 411.96 £11.20 431.19 +14.60
518109 (HEE 686.12£21.51 732.50 £42.99
RBIR g eiE% 605.45£17.77 610.73 £23.17

T B 10% SR i - 349 2 B Bel8 10% 2 g i
X Ee i 10% f Bf B i 3 20 & 22 4 i 4 4R
BR(ILE 3 (a)) BFE =N BE(F(1,41) =
16.30,p <0.001,n° =0.28) , &Pz i I i 5 A 45
B 6 PR3 i T 3 i s AE 45 BB A B E(F(1,41) =
2.74,p =0.11) ; KEAE WA B ZE (F(1,41) =
0.098,p=0.75) ; KT H—FHINEAEFKFEAR
W B TR E R B SRS KA B B AT T
BixS ¢ Kigs ., SREM, ESEFKET, &mE10%
R TER BB E B FH K THIG N B . HEEiHE
SRIH, RS AT (6(21) = -2.48,p =
0.017,d = 0.53); BEZ&MEHF KM T (1 (20) =
-3.31,p=0.0028,d =0.72) , G5REH, SR T
W 57 R B — 3, SR T, Bl M e P e B A
[ R B 55 R3S T AR A8
XU TR AR R AR B & 7 22 08T, AR bR
T B2 F1 R T TR RS N D S B, 25 R R (LA 3
(b)), ARl B By i (] 3R B % (F(1,41) =
4.76,p =0.039,7° =0. 10) , F B ZMPBIKBESE T 5
FREL I (R By 3G MG . RS ER B E (F
(1,41) =9.61,p =0.003,5° =0.19) , A BA{F 5 &
HREBEAMRR BE RS TERESFENEER
MR, ZEAERAABE (F(1,41) =0.54,p =
0.47) o AT HBAAES K FTER R B B2 B TR
25, B R R I, AR A S5
BT W B S REN B ERZ MR EEDE
ZR(t(21) = -2.18,p =0.041, Cohen’ s d =
0.48) ; MTERZ &M T, MG B S REM BT R
BOABMKEBERELZS (1(20) = -1.18,p =
0.23) . Z5FFH, T E B IKTE B BAL 55 22 1F
TRERTEIRMES, I A 155 FraL o (8] i 3
Mg, MTERE MBS KT ERBAMRAZAE
B P SLI (R REA

BB

-2 S B I
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@ wame = KkENR

6 *

RRAARE  RRAARE
@ wamtme = kEHR

RS

[jtce- it

RAFESE  WRAFEEMSE

3 PVT ESJ/EREFARESKEMIRHROTFHE
T (a) FrtR 10% SR 5 (b) SR AR ; (o) ISR 5 (d) 5t 10% SRR o
IRELFTIRHER. EH " p<0.05,""p<0.01,

X SF- 35 Jz g B A B R T R O 2= e i (DL 3
(), BEREMMEFH ERNMEE(F(1,41) =
6.30,p=0.017,1" =0.13) , 5 EZAT 54 L, 2
G555 PVT -2y S B B BE K B[] 32 23800 i
F(F(1,41) =6.37,p=0.017,5° =0.14) , " F¥ &
L Fof Pt 1 55 R SR I [R] 4 35 i A8 4, 38 HARE A
BE(F(1,41) =0.12,p =0.73) . FOXTREA ¢ #36
BN FERSES AT AR B SR EN BB
R EZE RS (BT F &M R :0(20) =
-1.83,p =0.082; fij AL 5 & F:0(21) =
-1.79,p=0.087) . F5REM, V-2 5 )i it 7] BB 2
— MR REE SR, BRAIL T — 8 R 57 30 R, 1
WHL TS K ERIZER .

X518 10% J2 Bf e HE i 2 42 I &2 ) 22 40 AT
(MLE3(d)) , ERER, L5 ERBN BE(F(1,41)
=7.62,p=0.0089,%" =0.16) , 5E T 5L, 7
HAES T 18 10% [ BB K B [A] R
ABE(F(1,41) =2.43,p=0.13) ; L HHWNA B
Z(F(1,41) =1.54,p=0.22) , R TH—-LEEL
FESAKFFEAR [F B B A IS 0L, W &5 KA
[FIB B AT RO AR S ¢« ke, B R R, BALH KT
KT &A8 10% R TEA [F] [ BR ig B =
SRR F &M T 0(21) = -1.58,p =0.13; &
FAEF T :1(20) = -0.37,p=0.72) . EREH, &
1 10% [ 7 BT AS BB 4 S Bt ik 1) 32 WL 55 I3z
HZBUES KRB E 0,

HNTHRR PVT A F RS &ES5 KT E
WG RENRR, FR T RENBESWHH K
PVT 1.4 & fahn 22 (HAB0R FW00 57 H PR A A
Ko GERRIN, ERBLFFMET, EWPEH2=ES
PVT f£45 #4805 B 2 EH AL (p >0.10) , TTE
BIRFMT T E2E S H AL AR N 2 EE 2
FRXR, G THA 510 5 &R 10% R (r
(19) =0.44,p =0.046) ; 5IEBBMBIK (r(19) =
0.45,p =0.032) ; 5 R BIAS (r(19) =0.59,p =
0.0047) ; 5818 10% W (r(19) =0.52,p =
0.019), HRRWA, EERESFMT, FWES
FREREINS PVT E5&46 02 BE M, (H
T BT S5 S R AR R . BEA BT (S 50
SR BRI W 57 RN 5 BT 55 T T
FREEEMAR, BAMES FIEIF AT Re 2T 30
P55 , AN VR IR IR AR, R 07 T AT RE R
R T XM TR
4 iFig

ABESE R, A FHE S AR, PVT A5
AN FHERR T LU A R RS Mo 57 RS . TESE S
TKVT et 109 [y it 55450 1Y) =2 098 57 1 i
A —B, BEH 1E 454 2L 18] 3 A AT 8 i, A2 4155
KV, DMERTSE K, PVT 55 R LR B
B R 10% [ i e TR se i BRI 48 s 3 R 4t
B2 B , BB 10% J v By Fe BRI W e S0 B
7K ( Drummond et al. ,2005) , B FF 2248 1 B K F
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(Langner & Eickhoff,2013) , 5iA H1 17 f A 52 Y %%
FIEFBIR AR S 2R RIS, R PR 50 T BRI K
F 7P ( Thomson , Besner, & Smilek ,2015) , Hj &
IHER T RN TA RN ERERIEHEFENELE
S5 K, FEIR T RE R, 7T R B /D, I )
IR BIE FEFBUA R T 2 (Smit, Eling, & Coenen,
2004 ; Warm , Parasuraman , & Matthews, 2008 ) , £ %
FEE B E THE(Smit et al. ,2004) ; A A Bk K
BB Ny B TR B AT S BT S S 5EN
5 B, 47 LRI RS B AR Z A0, T
S EAT N % %% ( Ralph, Onderwater, Thomson , &
Smilek ,2017) . FEABESE i R R AL 55 7K F- 7T BB IE
TFRIRL T X PR AR RE, M AR5 N il THRIET
BEESTIEN HAp M 20, BB REST
H TR IRAIEFET | AR 0 B 2, A TR AR T
BT R, RO S5 K BT, Btk 10% JORE
IR B AS [ 457K 5V A B3 55 O AR R B L A vy
B o

XF TR AP HR , B IR 55 ¥ B A a]
RN EERARE BB BRI, R
BAES R T BB AR B E 1 55 35 22 [R] 3
PTG I, 2E R J AT 55 55 F BB . REE R
FORSpH AR B8 , (K A 0 97 4oy AR MG B /K - 2 LA T
NGRS T B (Jackson, Kleitman, & Aidman, 2014 )
45X B A BY T 32 = > (A i R 7 ( Ralph et
al. ,2017) , FEARAE 55 Xk B2 7T B 38 I A IR 19 = AE
(Buckley et al. ,2016) , & ZMIGH Al BEFE £
BREZIREEIRATIR . 7E R RS R T, Wl R
5 o DB D N AT SE AR, > A B A
TG, AT AN T “ SRR ) 2 4. SEBRESH
BORBES KO TRHERZNPRESLZ, Hik,
PVT B)7ER B AT R FEAR ] LAAR AT 3 S e 18] R AT 55
KT B 5T AT

389 JORE I S 5 1 M B 45 B 389 SORE
], R, Btk 10% [ B8 10% R, LA R TR
BAFR G RISTEF B R B B A FR A3, 2
—ERERE W IR . APTSERY, TR #Y
Ak AT BB -5 K0 S0 1R 4 AR 75 2B 6 A 26 ( Drum-
mond et al. ,2005 ; Honn, Riedy, & Grant,2015;Lim &
Dinges, 2008 ; Mehta & Parasuraman, 2014 ; Phillips,
2015 ; Wascher et al. ,2014) , ZRBF2E & B, SB35
S 2 LI 57 8 0 T 485 1, 3 ELAS ] 0 0 9 7 4 14
THEREER, FHRIAEBTH R BES K

FZE A IFRE T LA 16T .

AR, FRAEHS R T PVT 1€ 10% X
JLE E{E B T R AT S5, AT AR ST 55 1 1A
BN, B MARE, AR, &1§ 10%
S LI Y B8 -5 4% 55 M B AR v BOR S AH 5C ( Drum-
mond et al. ,2005) . FEMR] AT 55 FAF T, RMLERK
Pt Bl PR K AR TR A, LURAT 55 B
B HISEn F 18 109% J2 7 S T B R R R
HAE 57K 2257 , A BRAR AT i (R BB 57 00 o

FERERATFZM T PV LS NSRS £
LA 50 55 R BE W AR 56, T AE ) ST 55 AR 1F T
PVT {155 248455 EMR SR 57 R A . 7T
RER I, U 57 115 3 20 110 I RO\ T BT YR #E
SIBM TR, SERTHS T HRE T REE AN —
B T BALSS T BRE 55 B 20 B SR A
FRBE B S5 B LE R AL, B LA 2 (8] B9
SRR
5 %ig

PVT {£55 XA RS # 5R S R B R 8. e i
10% J2 I it 5 i 2 W 55 4 o5 ) L — 2K, 7T BE S
ZARIAN B 5T RS R AU AT R
2 [ R K V- AN 2 51 A B8 05 AR 5 P 3 [
JSLIS AT 45 7K S 22 S FIVRE 55 RO B9 4 T I 5 e
10% [ BEi F 2R T 1E55 K F257

SEXH

g HRE, RRE, LHE, KN, BAR, s, (2016).
T I BB ST, o EARLF : £ Fh ,8,002.
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Psychomotor Vigilance Monitors Different Fatigue States

Zhang Ying Chen Chen Liu Zhenghua
( Beijing Key Laboratory of Applied Experimental Psychology, National Demonstration Center for Experimental

Hu Siyuan

Psychology Education( Beijing Normal University) ,Faculty of Psychology, Beijing Normal University, Beijing 100875 )

Abstract ; Mental fatigue is a form of fatigue that results from prolonged cognitive activity,and different levels of tasks caused different
states of fatigue. In line with our predictions, the search efficiency was significantly higher when the perceptual load was low,and subjec-
tive fatigue rating significantly increased after participants finished performing the dual task. Critically, objective PVT performance pa-
rameters displayed significant variation across perceptual load. In accordance with scores on the subjective fatigue ,the PVT fastest RTs
were higher at the end of the session than in the beginning, and no significant perceptual load main effect, suggesting that the fastest was
the general indicator for detecting the fatigue effects. Specially, The PVT lapse frequency can tell fatigue states apart,that is,lapsing in-
creased nearly significantly in the low perceptual load, while there were no differences in the low perceptual load. The grand mean
showed significantly perceptual load and time — on — task main effect. The PVT slowest 10% was only significant perceptual load main
effect,suggesting that it’ s an indicator to task parameter. These findings indicated that the different PVT outcomes indicators can distin-
guish the differentiate fatigue states.

Key words : psychomotor vigilance task ; mental fatigue ; visual search task



