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Abstract: This study focused on making developments in the analysis of human error with introducing the
occupational stress models into human reliability analysis ( HRA) . With the reference to the models in occupa-
tional stress studies, we put forward the task demands and resources method, which describes the qualitative re-
lationship between the influencing factors in the task context and the psychological processes of the operator.
Based on this relationship, a probabilistic model for determining the human error probability (HEP) with moti-
vational intensity under different stress levels has been developed. A human reliability experiment has been
conducted and the experiment results illustrated the effectiveness of this model.

Keywords: human reliability analysis( HRA) ; task demands-resources; occupational stress model; human
error probability( HEP)
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(human reliability analysis, HRA) J7iEtBBEZBARKIH LY ) ARSCSH B E R ST 5=
H S PR3 RN N B3 0 O B R SR B A 40T, AT 55 75 SRR 55 B IR R A 43 261 13 LR AT Bl L
FIFE 73X B A B0 B R AT AT, IR 8 TSk 20 A7 oP BT FH 0 B AT R o A A AR 7 g
T LABIHLER BE RN KRy A AR s R R X AR 25 s i T Ak

1 ESERKRFRGE
1.1 BRI EAEE

HRAl S8 7E TAE BT A 1 KR R GE R 58 RS TR B R A B a8 L = A i 1070 Sk e PR Rl Ry
OB, BTSRRI S  ONMERE TR B A TSR

WO F 75580 B R X3k 26 e 7 Y5 0T Jie D3 1) A6 SR BRT 72 A6 A S e R 0 i, A7 2 D EE R
RSB, B R REEAIAT DA TAERREE h g DR TAEE I E W R, BLOEE R, H=, 3
Ml B R S JR b T AT LA BRALO B PRAS J5 TSE TE A  R BAY Jri2  MRE IO T A SE v B AH S 3
WA AT IO B 19 HRA A0 ek A
1.2 EFFRRFEHRSER

WE s, AR5 TR EITEEZAH 3 B, B, 77 ATE A F (behavior formation factor,
PSFs) BRI, OB FRAY AT LA S Z R AL

55— B : PSFsi il 55 B B D HE RS AT 55— Bt : HEPHAL
Stage 1:PSFs identification Stage2:Psychological processes analysis Stage 3:Quantification of HEP
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Fig.1 Three analytical processes in the task demands and resources HRA method
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1.3 #Hl, EARAEZEEZEANEEXR
1.3.1 Bhtll. ROMA KL
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SN Z X T A RIMAZEAER . R, 2% IRl - 28R fopCR MM ™, &8
TEA— AT 55 i B rh 48V 09 Ny R BB R A — D 5 I S AR S ALK

1985 4F-, Jamal ' (RF9E L FF TR Z M Fr A7 098 U0 BRI e R, B B A R
FIKFRET N A RIS FAER) . Wallgren 25" BB 78 W B, ShHLLE T AR BTN B R 1 7K S Ak
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55 TR BGRIRT h, ShHLBAE R TR R B Z (0] () rR A A8 i, R 7K RN shALs B 22 (6] 477 £
R R R, k2 R,
1.3.2  ANHZEHNEL

£ HRA 58, N RIGEF DA R i b, K3 1.3, 1 X Fahbl, I3
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Fig.2 Relationship between motivation,stress and human performance

HEP = 1 = ke 0™ e [0,m(s) ], (1)
| _klefa-(mfmom)ﬁ’m € [m0<5)’110

Hr, m JEAE RS SR, BUEIEREIN 0 ~ 15 m, () JEPUE SRR A 28 & i bl
PRAL, HEARTH A T SO I UL k2R R B, 2R 16 Nk 2 LY 7 T 5 )
B, HIUE R ESKE EAM o, BIRINTRZmIR R R, Rt =2 S R 2 X FHAE
BN RRAW R, AR 55 AN s
WE 3 iR, 1EX—C T AN HE 28 R0
H, HEP BEE sl 38 i 2 30UE T RS BT
e, AN, FERAESNHLREE my(s) A — MR
HEP fH, X—XF ARZEHER U BRI HA

I fE8) 1 Optimal motivaion

(1 13,1 bR B R M5, T = ,
FURZR T A1 hS 5 S 250 O B A :

58 HEP ({1855 — AN TR X I Sy £ S BT '
PR A A, MK Parker 45 B :
WFaE , EEE K TEEAN RIS KIET ZHL5RE Motivation intensity
B, K PRI R MR, &) B8 ESWRREEN KR HEP MELEY
BOPI IS REZ I 5L R B B RS, Fig.8 Trend of HEP development in

. the task demands and resources method
= (2) P
my(s) =1 = kys, (2)
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2.2 KBEHHESERKRRIR
2.2.1 AR THRAESFHR

155K BRI E PRI — DB Bo X PSFs BTG AIZRZE, 76 H AT HRA #7589, X5 T PSFs
AIEIBOF T30 AR X T AN 225 0 A i) — R R &R, SEg b, XF PSFs FIBLA #Y HRA J5 ¥
(CREAM, SPAR —H) HFFAMHT HGEET 7, DA I 12258 R 1 a0 B0 I 055 1 2 5 T 3k o Py S AT 3%
AT M ET 55 B M50 8 4~ PSFs, JRMH A WAL S TR (BS54, WHEES
AFIRIITRIZEHE . ARIBUESS 26 0F) AL SR (ZRTHRI . RBURB:, SCfF, k) 228, sk
JFi7R o

%1 CREAM.,SPAR-H FALE& shfy PSFs 3 ER
Tab.1 Selection of PSFs in the CREAM, SPAR-H,and the experiment

Sz 8 4 PSFs

CREAM SPAR - H 8 PSFs in the experiment

FE)I 456 1) 7843 \ N

H J lﬂ] Iym Eﬁﬁﬁlﬁ . %‘Eﬁ/ulléﬁk Experience/train ‘LJ”?,Z“E Train

The sufficiency of training and experience

WRE /X B wT F

ALEE l'l"jZJ E/JTJEH@ . B Regulations AFNAT 55 £F Adverse task conditions

Regulations/ availability of plan

W] FARF ] Available time ] FARF[A] Available time i8] & 77 Time pressure

G 2 —

[_] J I':H sz E/JEI ﬁiﬁi X ’EE%E%E Complexity of task EE%’E%E Complexity of task

The number of targets at the same time

BEAL R 3 & i

a Eﬁﬁu & e s . TAEXIR Work steps ¥ Support

The quality of team members’ cooperation

- . N I S E‘ ‘El 7

BB RS a] Duty time ISR Duty T;FJ Y leﬁﬁ};
Disadvantageous time arrangement

TAE &AM Working conditions & 77 Pressure B Performance feedback

AL 53847 SRR 58 . .

The perfection of human-machine interface }\mﬁﬁﬁ Human-computer interaction Zs{ﬁ*ﬁﬂm Economic reward

and operation support

AN FE

The perfection of organization

2.2.2 Ik

FESZB 5 AR R S5/ N 1 52 36 25 T LIAR I & ROPAL BT HLAR AL . AN /N BT X o7 4
J1KSEAT ik — i AR S R AER AT, sk (3) FiR,

s = [ D, TD/max( >, TD) — > TS/max( X, TS)]/2 +1/2, (3)
Horr, s ZIT PSFs X FHAES ORI KOFEUE, BUEERIFE 0 ~ 15 Y, TD ME45FoR b=
MR TR STRE A PSFs N Y TS SAT45 B I 7 A8 i 3 TR S 52 B PSFs N, BATTER RETFT
% RAT 45 2 U (4 PSFs JIT 513 14 FE 7 A B A 5 max( ), TD) A1 max( Y, TS) 435I Y, TD F
> TS Hy R RHE.

MR 2 oS 1SS N AT A SR AT 55 5 R v A 3 D SR Y PSFs Bk 4, T
AYTD =4, FEATLIGE Y TS = 2, PSFs MM ADRCN max( D, TD) = 4, [7H A Al
max( Y, TS) =4, X (3) FTLMER 1 SR/ M Pl R BTRZ M SR s = [4/4 -2/4]/2 +
172 =0.75 , k, =1 —s =0.25 , [AIFEAT DORAF TR 2/ N R 1K, SRS RINEE 3 Fos
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x2 HF 1 SXWNASP PSFs FEENHENTEHER
Tab.2 Evaluation results of the stress level with PSFs in the group 1
LI A &350
PSFs L - .
Experimental condition Pressure influence
1155 IR % S 30 %o G A SRR b 5 AT 55, BV R] B TR AN 4T 55 H B The subjects were B
Complexity of task asked to complete the task as soon as possible,facing two tasks at the same time Significant
i 5 P FE55 RVFI RS BN 6 s AESTFE4E 55 1) O s, SRS SR 3246 B Y I e
Ti (8] & J7 The task completion time is set to be 6 s. Comparing to the average needed time 9 s, the Lo
ime pressure . . . . Significant
subjects are subjected to high time pressure
AFEEF AN 22 HE SEER R 10:30 p. m % 11:00 p. m, PR — B [AUAS ) F S26 0 52 i A 010 —

. . p . L . o e
Disadvantageous time 1¥ The 10:30 p. m. to 11:00 p. m. task time does not synchronize with the subjects’ circadian Siemificant
arrangement rhyme B

] it % s -
ARIRIESS 2l . SN G T B AE SIS AT O T S8 L NME S5 The subject need to complete the task in B
Adverse task condi- o S
. dim light Significant
tions
é’é{%j{&@“ i%ﬁ?ﬁﬁi%%%ﬁ’iﬁﬁ?ﬂ f)@ﬁ%ﬁﬁiﬁﬂ’ﬂ éé(%ﬂi@” At the end of the experiment, the E‘A%
Economic reward subjects will receive financial reward in cash form Significant
RIS 15t S X} G R S0 R 2 45 B HAT 45 19 B2 15 The subject will receive feedback about W
Performance feedback  the tasks during the experiment Significant
BZ5i Q%Xﬁ?ﬁ%fﬂz%ﬁﬂf%,ﬁﬁé/ﬁi%}ﬁﬂ*K%ﬁ%?ﬂﬁcﬁi% The subjects NTER
Support need to complete the tasks independently, without any assistance in the whole process Not significant
Pl B 1O TSR A SR A 4 SR 0 R IR AZ SZ AT AT 5 4E 55 A OC B IR There no N
Train task related training provided to the subjects except for the basic introduction about the experiment Not significant

®3 5 AKBNARMENKEREMENREY
Tab.2 Stress levels and stress coefficients for five experiments
VN E | Experiment group 1 2 3 4 5
0.75 0.5 0.375 0.25 0
k, 0.25 0.5 0.625 0.75 1

2.2.3 shilsaE

AT 1K, shlam B o 5 Bl AN R A = A 22 5 Bt AUSCR & ZEPEAGXE LA A
TRBIHLOR B Z ] 0) 22 S HEAT IR0 o0 BT o EREARIRSESS:, 51T OB X0 T A S50 %) 42 0 sh ALt B ik
P, 7ESCIRTFURZ AT, A SEBx R AR SIS i st e L R e iR A ) R GE AN [
(1) [ 25 R0 DA 4 AN ] (8 248 B X shbL R IT T i
2.2.4  SEEATS AR

XN ZH R TA HRA ik R P R 2 — SR SC g X 4 1) R 22 5 9w U Ry
KRABTELA E WIS o] N SE BT EER AR 55 . SEI A2 — R 18] R A a1 5 ax — e SOM— 30 E:
55 WG . X — JHE S S X G S AT 55 (R T P R] 25 S 56 %o 52 R BEAE R FH IS ] 9 52 AT 45, 0l
ARSI, AR X — 48, HEP AT LAIE £ 5256 v 52 50 0 52 04 2 WO BOM R T 5 9 4T 55 454 T 8L
FEE BT YR X S 58 i 50 WEEZ S5, HEP Al LGl (4) 1158,

HEP = N,/N,T, > T,, (4)
Horpy TORSCEOXT R TE AR @ ARSI RS Ta) T, 02 58 AT 55 1 vl B[R] 5 NV, 2 5256 X AT 55 2 I
MIREL; N BAESEE R RUEL, SER ki e 50 1K,
2.3 XWHER

TERE] 4 v i o O B S50 HhOR [R] S /N A AR R IREE SR AT T B R, B4 b, x By
oy M FoR SV B HEP, 808 ARG — DI X 52, AN [R]85 55 /N T Ak T AN [R] 18 R
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KFET, B4 ATLUER, 15525/ N SE e 23 T s R TR EZ R (s =0.75) , X —41
JIEXS L HEP A2 A fe & 105 M ELZ R, S5 5 S50 /N i) 52 360 X6 2 T 7R 32 (R TR 1K E eI (s =
0.125) , JFHX 4R HEP W2 5 s/ N &Ry, B0 L, HEP & A RE S5 57 K55 5
R ASE B RS ACER BT BT, XEASFESCE /N Z (8] () HEP 22 S — 25 3647 T LU Sk AR
HR R 2550, @R, SR HEP HA B30

B/
7

W (P <0.05) ,

0.90 0.75 5 5 0.60
o g o o
0.85 0-70 ° 0.55 °
o a 0.65 o o o o
= 080to o = o o = 0.50
= 0.06 ° = o
o @
0.75 o 0.55 o 0.45 00
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S HLER EE Motivation intensity B HLIR E Motivation intensity SR FE Motivation intensity
a) 1 41 Group 1 b) 2 4 Group 2 ¢) 3 % Group 3
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(¢}
o o °
0.5 o 0.4
o o
S
5 04 503 0
T © am o %
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o
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BHLIE B Motivation intensity
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F4 FESZE/NARENKEMHENRE

B4 RBER

BIHLIE FE Motivation intensity
e)5Hd Group 5

Fig.4 Experiment results

Fp— A2/ N HEP fZR i1y 1. 3.2 Wi R 55 K SRR i . % T 1 5 5250/
HR G XS B ) T3 7KF (s = 0.750) 133 E T REL (K, = 0.250) , #Fimif= (1) shiygiessn
X LI HEA TG, AT LM AR R R R o F1B (o = 1.587,8 = 1.098) , WFEK4, B T5%
BRI NE AR S5 R AR R Y, Ay 4 ZR9X I BB ORFE— 30, B 5 FoR, 5 A SEss/ N U
GoE R AR 255 LS SR M e A2 ) U A% HEP A5/ IME AT DATE e sh L5 B
1o N TRAESIHIE RS A R Z A P SR b VR, 6T S8 5 b () e A s L B2 F s ) K -
PEAT TR, WK 6 Fis, ARIEEIEARES my = 1 — k,s SedEShHLHE B FIE J1 K F 2 6] S 20
LVERFR:myg =1-1.2045 (R* =0.7409)

Tab.4 Stress levels and relative coefficients for all the groups

SCIG /N PRSI R
) s ky @ B My >
Experiment group R” adjusted
1 0.750 0.250 1.587 1.098 0.190 5 0.881 4
2 0.500 0.500 1.587 1.098 0.203 3 0.7817
3 0.375 0.625 1.587 1.098 0.5189 0.7512
4 0.250 0.750 1.587 1.098 0.574 8 0.714 6
5 0.125 0.875 1.587 1.098 0.706 9 0.6850
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Fig.5 Trends of HEP developments in Fig.6 Relationship between optimal motivation
different experiment groups intensity and stress level
3 it

ARSCHE R T AR 55 5o R S GHR IR AT SR 750k o il 278 N 7 ¢ IS B g P SR B, g
B 55 i R K BEIR T  R A TR TR ML S5 P O B R, 4R I 700 N 2855 A9 3 A
BrBe o o BT 55 R R M B IR OT I A RO AGE FAYE, RIS TS RE AT 55 R SR AL 55 BRI R i IA
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