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Abstract: In large complex systems such as nuclear power plants (NPPs), most people
work in teams or groups. However, the current human reliability analysis (HRA)
methods used in probability safety assessment (PSA) of NPPs are generally focused on
the assessment of individual performance. The technique for human error rate prediction
(THERP) and human cognitive reliability (HCR) are the most widely used human relia-
bility analysis methods. Therefore, the limitations will exist consequentially when we
use the current HRA methods to quantify the actual human performance situation in the
control room of NPPs. In this paper, a new performance shaping factor (PSF) named
team performance shaping factor (TPSF) was defined and a qualitative framework used
to integrate the TPSF into THERP method and HCR model respectively in accordance

with the existing architectures was proposed. The process for evaluating the grade of
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TPSF was put forward, and the question that should be solved in order to accomplish

the quantitative analysis was discussed. The result shows that integrating team factor

into current HRA will enhance the ability and validity in modeling the human perform-

ance in team context.
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Bl Tl R G0 KAVE N E 224k, B 22 8
RAEGH NBY R ZE X RG] SEM 2 m Bt
PRI N AT R MBI ST B W  Tlk R G2 AT
ST —EENE, RRERZTLT
i N N WS E T g TR P
B4R ZHOZEH XA AN SR AEZRT .
i Tl REXKERAG D, N RBy T 147
R 38— PEZH SR WM 58 B, R U6 BIE A 2R
T B RN BE 2 ] S M B AF 9T R A Bk A B AT
PESHT CHRAD 85088 b (9 — DG TR A

JIT 1 B 4H S 35 1 WA LA b A R R A B
M IF AR BAE N A LR BAR AN A T
AN A B AR . B A PR AR 1 A S ok
THEA 8 X o028 S HRR VT e T AR 2 b
FE B i Sk 156 X B 20 45 Rk i BF 5 A A TR
KB, R4 A W AH ST, P20 5t &40 BF
FERME A XA B R AP R =L,
AR P e AR M 19 2 TIDAC BRI
B o S AU) B 2H R BT b 4R 0 51 A0 SRR L ek K
T3 R PEM BELH AT S v i N 53 AT S I B g
o R 32 48 S PR Y e L M =R DL
TR BIRERZ 2N (PSA . BhH
Pl (DFMD B AL S8 g SR AR 1Y o) — R AR 3%
Ji ik BRI DEM BAL R 5 50T 5 90
PR 5 RG220 0 8 538 BAEF 78 H AL
1f AR X BELH (5 e AT T IE Y 0 g T
o AR A B G PR ZH B8 5% 22 [ ) 28 BAE AR 6 A7
BH iff 1% 5 Ak o T K BIE 2 P 50 A DA R ke 5 ot R A
h— ARG AT AN, b PR & vT R R 4 N
B R G R AT RAE . B, HAR R R
21 Furuta il Kondo DL 5 /R B4Ry He A
A R 1) ) 245 52 AL TR 1O e A R0 1 5 BR 4 P
A~ B B A 2 oAb A B RIS S R R L LA
FE 2 B A FOIR S 9 15 B AR 3 2%

— 7. B A AL B AL T BEAL A
K Z Fh IR R AR AE E AL 5 T AT A AEAR KR
M AR XE B4 N T PSA Sy b, 5 — 7T

KT — 0 HRA J5 i & JE AR XT3
UL FERZE ) (1) PSA st A3 807z v B
T 7R B Y B 3 9 AT 6 i 5 — 40 HRA
TEAERES, ERARRTTER NN R RFH
WE AR CTHERP) A1 #9080 7] && ¢ (HCR)
SR T 5 — 4% HRA J5 3 LT %A s 1R
D BB W R e AL ) =
BELAT IS AE A — 8 SR BR . PRIk, AR SC 4L
i 2 P GROE A F (TPSE) , 4 HOS 5
A ¥ 5] A THERP fil HCR kb, LI &
MBS AE — & T2 AR BLIR 20 45 vk X A B3 AT &
PRI

1 BEHESHEEETF
1.1 TPSF HE X

g o — A0 HRA J7 1% b, 3l 4 K| ] 2 Fi
GUSOE LA - (PSE) A& 1E A B 5 1 1 3% A 4
FORENREF N REEBLEIR. 5
RN - PSF 2 45 52 i N 19 81 2047 9 B9 AT ]
DU Bl B Iy L ) S oK R R L 2 0 2
PSF (4 i I 240 A nl A AR N 9 1 775 2 i A
0TS L B 2 WU e BN 9 AT 5 8 L (A itk PSE
()7 SE R S VROWNIAR VA CPEY NP L el
B FE At o

o4 HRA J7 ik v % JE i PSTE il & fR
T XA NGRS 5 0 AR 2 2% 8 RE 1A 3 BE 4
FPE 9 PSF. A0 BEZH B85 T BEAL N 5L H 45
DR BEL IR N 51 B R R W 51 AR St
HRA J7 ik v AR 3CRE SC— T3 19 St 08 I
5 BRI BE BLOE N 5 TPSE” . e 9 3 A
T RAE A [R] HE 4 B 58 FAR LG BT $00A T4 55 9 3
P K F o LR A (] B 4 25 558 %o BIE 2 258 24 14
WFERE . N E L TPSF I 34 H X HE4H 5534
145 WE R L 75 WL AT SR AR BEAL R SR A
KIETE.

XF T HEL M KRS SR A ST S AR IR 2
U P RETT L b SRR IDAC 81X 52 i A



968

BT REREHA  H4sE

RG2S PSE 47 T RGN, & LT
50 %2 PSF, Hoh A 6 25 2 5 BE 4 A L 1Y
PSF, IDAC A £ 11 3 75 5 SCRIH 26 Tk
PSF i3 # 2 2% 7T 30 4Ek & £ 05 A K
FBE 20 AH 5C 1 22 26 STk, oo SCIY 6 28 BEA AR
5 PSF LR 36 T PR4LAT 0 B9 32 B 45 45,
WL AR SCET UL 6 2% PSF kg L b E 47 0 5%, 7F
J5 8 T AR O AR 4 5 X R I R AT N T
LA A0 B R4y . X 6 3% PSF H AR
TR

1) BEHBER ST SR PR AR 1 R AE . PR
(R P25 RIS 45 IR 22 ) R A A 340 g e e s

2) PR A VERE R  BRAAE o — A B AR AT
AT 55 st R 1 8] L 28 [) DA K B AT < w4 32 il 43 e
Y o ARCME S L A RO N BE AL AT 55 sk
R AR 3 R R) 25 A

3) B AT AT IR - BEAL AR B R) AS AR B
(4 T B AL 0% R R S0 2 S R ALK
B4 HIOAEAS [R) 19 49 B8 5 7 1

4) 5L A I A B S« R WA A A RN
Rk H R EE B —BH.,

5) Ji 5 B 45 AR ZH I - BIE A0 1 I kB R

6) T TT NI4T T - 45 91 0w PRl &
J& i, 5 R JE R L R O R AL AT R T AR
fig S MR BT, 5 AT — 2 v A BRI M A 78 T R/

3R 6 FhBEZH T8 Pk 4 O % % BE A A R R
1 4t 4 S R A~ PR 2 1 i L B R AR AE — R R
me , PRI 25 53X 6 Ff i 1 0 BIE 2 2 5 1 s 5
Wi Ji » BRI 45 2] TPSFE X BE 20 %5 5505 Wi A9 5 A
K-, #R I TPSFE X 3 2H 8530 1 52 Wi 7K 76 PE
2H B RS RN 0B R A3 h CE rh L 22 78 AN AR
AN TR] B B 20 45 9%k B 20 8530 0 5 i K S AR T
Bl an 24 JE P2 TPSE b “t 7 i), BE4H A% 5% 1) 4
RO RN L 2 PR TPSFE i 22 7Y,
P2 B A SRR SRR
1.2 TPSF £%HHiEM

ASCE %% 2 /8 HRA J5 ¥ CREAM
UV R AR AR 1 £ PR TPSFE S 90
J7 ¥k W7 B AR FE AP BR

D) 20 5HA E 6 Fh R L JE P X PR 2H S
S, BT REAS BAA R e SCBEE AR R M
() 2 K-, SR 5 AR 3 BE 41 7 4% T8 vk L i R B
0 2 1 T M 6 2 PR 4 S B R AL L B i)
FREE43 o 3 AR G R W B, PR
J& 5 PR SR B X R S R AT L,

®1 HARMSHAZHHXER

Table 1 Relation between team property and team performane

% £t 1 39 SR A
PE S H: E$)
ENTE FEAR
PEA1BER 7 7
R v
— % i
% i
PR A AR A A
5 HE AR R J
N LIEE-% N,
JI B4 22 Ui T s R v
N v
JI B 52 U B R [ v
ik J
DELH B 5% 1 45 48 2H i
5 J HE AR R J
AN R B SR N,
LALLM T ) 24 1 A5
— ¥ i
1 A i
i JiE T i N




581 Lo Y LW 2 WA TS 5 i e L A 22 RS U O 969

2) M4k 6 FhPELLIE M X BEA GO 25 A 5
M kA TPSF 45 9%, MR 43R 1, 51 X KR BF
20 AT A5 B X5 BIE 20 51 %05 W 43 ) A ek R R
78 P r B B S A Sege - X T 5200
RN ETHY R AE ] 200 SR JE A s TPSF 4 20 0F
WMhrE (G, S= 25, —1<CS<C1; 22, S<<—2,
Hor, S=Su — S ) RIFM TPSF B9 . K
1 iR TPSF 58905 Sy Ml Sps FIE R

B 1 TPSF 407 & K
Fig. 1 Scheme of grade evaluation for TPSF

2 TPSF #Ef&% HRA ik R B9 A

LI THERP #l HCR J7 i MARE A 118
HRA J5 3 78 K K 85K 1) AT K R A% d T
PSA Z3#r i) £ 5 0 AR E TR D 8RBT
My A 2= TPSE 5] A5 4% HRA
Jiik,
2.1 &% HRA J773%33 BE4A XL R W% (&

THERP fl HCR F ik 2 H ] PSA
Hi hH M HRA Jyik. THERP )53kt
NARG K12 W 2k 8 FEAT 2R 02 WG 43 . AR 3
THERP i H Tt #2051 %) =5 6 0412 W 2k i
BERY B g M & DL BE A R 3k Rl Y.
THERP J7 35 rf 45 (%) 5 Fh 12 W # A0, — Fop 2
JH T 00 46 05 35 2 W B AL, o) — o T e 2
SIRTEY 4 S WAL, Y5l T = R4
AR THERP fEF 2 Wil A e 58 T
PELL B 2R L AH X T E 4L Y AR % B A 7 16 R
B, R BLAE T O T - 1) 2 WA R DL BE
21 Ry FEA B A AE I PR 2 B A R A W
SE YL PR AN 1 PR A S e PR AR
[7] o D b 2 W A AR S B L T 9 B 9 R B S B 1
B32) X F AT K 3R J7 L, THERP H 2% 84~ A

FHRAE SR, HoAth B 53 %P IZ B 5% B A IE AT R R
A 2A FAR 3L 3 i Al S e 2 B PR A B 5
YRR A ST A NIHEAT 5007 S AN 2 AE R 1A
BRI W, AFLENAETHE BN 2
AN HEGIA TPSEF By &, xF T HCR Jrik.
BAE AL R A AP 3 A4S J5 Y PSE
XGRS m IE AR BRI E .
2.2 TPSF 7Z£ THERP 1 HCR $ @ 5z

& THERP Jrigivh &) EH = Prd
Y\ 51 2Z 18] 1 PR VE A2 1 AT O 3 2 A OGP A 5K
JeAb R, fRRASK UG AE 1 NPT IR AL B A PR
b, BB R R A A IE AR B R 2
WA B o PR A SCHE TPSFE 5] AN [F] W Bt 2Z ]
FAH 2 S R B IEAS TR BE 4 A 45 T B4
K&k, HCR J7 35" Ll Reason fE LAY 3 2%
UNZE: (€3RI EVR B IR DR o
filt . 761 7 v h 4 PSF X%F A BUAT 1Y 5% 0 3 4ot
X BN D1 i e B ) T 24 SCIE SR AT 18 1E R
B, ] % EE HCR Jy ik rh @ i TPSF
X T, 4 LAEMWBIE . 25 bk, S 1 B
THERP #il HCR & ALK R 4350 2 XA
BIE R B Krrueee A1 Krner » X P A R BCE K
A Wi T e W — PR (R 2,

®2 TPSFELZSEERH

Table 2 TPSF grade and correction factor

TPSF & 1FE &2 #
TPSF 45 %%
Kt rhERP Kt ncr
i <1 <0
th 1 0
% >1 >0

1) Xf THERP A 562 X & IE

B REEAL AR 4l FLAE 45 @ 1k b i 3
SEH TPSF &% » WK T 15 22 AH X6 R 11 52 g R
T Korrnere » K6 1% 5 W0 B 745 ACH G M A 5K
THERP J7 ¥ R 4 AH OGR4 A 51 =2 [i)
B4 AR S 2 oA 5 4 A1 56 L A O L HR A 6 LKA
K RNFRARIE 5 FlIE B0, B X 45 Fh AR SC 1k 2 ) 45
TR R AR A K 7E AL LA AS RN 5L
ZIE AR ST R AT UL . DR B 1 AR
PR R R)G 5 2 Al B b R R b AT
A 1E 1Y e R MR R AT (D5



970

BT REREHA  H4sE

_ 1+ 6Bugp
7

Horf s Bugr A5 2 ARG\ BL R IR AR 44 A

2) X HCR ik & IE

W B HESL h L BT 3 2% PSF
PNGE @A I UIE (N EZY NS L Yi |
MAALFE . 744 TPSE 51 A5 o H AR W 1 i
] T, BB E A LA AR (2)

T = T XA+ KD +K,) -

(1+K;) (1 + Krper) (2)

Forp s Ty SRy b fE MR 15 15 8] 19 24 SCAE K K Al
K43 0 R 2 56 5 7 FHL S T 9 18 1F R 48K

BZ X KTTHERP (1)

3 HABERBAERENRT

RS T TPSF S5 0T (9 28 98 L ) 42
H T TPSF 8] A THERP fl HCR 7 3 By iE
B SR ATT R b T 5 P 43 BT 0 B BB L R OE
W H N BB L) PSA Z0br b, o i e o R
fkiml @i, #E#| ] TPSF & i THERP fil HCR
J5 B E A A AR R T A R A ) R

D) A4l 6 B4 )8 1 ok o a2 1 0 BE AL
() TPSF S50 B, Wnfe] 2 48 Ak 3 37 #r BE2H 75 4%
JEYE BRI, VRS PR AR AR M B RS
5 W i M X PR 2 S0 B O Y A X
PR RO A0S R G AR Y AT S — B . AR i
XA SR AT A e A DR AT I R Y )

P A B TT Ik X 28T R N B B .
RA W BGE AT XX 6 KPR J® PR — P
4o

TER A 0] 465 08 4 1 7 ik It 10 W BT A
A JE M o T A B R A 1) 4 L R GRIE )
AR A A5 T 3 A B0 i TR o 1 JE M B T
AR IT R A B Oy ORI S R SR A 3
—ig. HW. A A ES B LRI
TE ) o B A r) 2 10 45 5 0 2 AT A SRR,
PRLHAE %R P b R PR BT A2 R W
R PRIE PF A 25 SR 1 I P S A B L R R A )
A B TE AT o )0 2 50 IS . % 5 A O Bl
N GRS DL 2 I8 A [0 465 fil 75 2050 S e BE AL 7Y
RF A 0 LI AT SR 26 1 O 2k R A 1) o Y
TE B M AT B IE

2) W th TPSF 4905 . anfar i € A )
2 T Xt 7 A 8 1E R B K rornere B0 Koppier 19 58

ACBUE . IR AT 2 By A PR T s
UNGSES w3 Sl ib D RF /S (2 N = B I N VDN
BT B ARAEAT 9 B AT 23 26 L s B
RBCAMEBR BIE AT . IRIEH R 2E
BARAT BT A L A B o B T R I 2
v 8 ok P 1A [R] TPSFE 25 0 %) 4 2K 484 47
h Y R W i E A ACHR O i S 6 Ml i T A AR
5t TPSF S8 00 W A2 1E R %L 5350, i
H1 T 25 1 BT BRAS R T A0 5 it ik 46 52 6 w8
R L RN B I s I S B (H . fr A
A PR T Al A

4 it

R4 b3k 5 Hr . 76 H §7# H # THERP J5
P HCR ik i& g5l APEd &= 2w 17
Mo ASCH TAE FEZ R4 — i PR N R 5]
A4S HRA J5 35 i EURBHE B2, o @ o8 M 4 B
HIYEWE . Sl J7 vk e N A T PSA At A4
T 7R U T A AR AT R A B ESR

1) X BEZH 04 AH G i P 2 A7 B0 4 TR IR
A48T BEXE TPSF (% 2 SO 17 3 Ry
STH FIZR G808 2 L i TPSFE %t BE 21 55 %4 5 i
KT DAL 25 ST A 3

2) M 6 FpBE 4 & 4 1 8 TPSF 91
i AR AT R T X PR 2 B RKRE ) Ry etk B
R AR B M B B L TR 2 RO [ BE 4
X BE 20 253 3% 19 5% Wil A EE AT RE A7 AE AN ] 33X Ao
A7 1) b 3y VAR e i A o IR R A A

3) LR BT B K i IR A 1) 45 R AR 1
SEUS BT s SR AR T i S Y — S HE A [ 45 A
STV A A B S O A v R A R A B
SEah B AT — 2B RIS 40 BT 45 SR ik
% B B AR B BE 4 1) R 051

5 #Hig

ATz ) PSA o #r R A HRA 2
Pror s L5 THERP Al HCR 262 1 4R
Ji i 3 BAR B g — Bt 1] A3 O 3307
R T E AT AR R R X BEAL N R B AT
B R TR AL ) R A H A
(4 BELH 580 I A7 A — E B9 R BRAE o AR S i
PR A SC I R B IR BT 32 1 T IR STROE WA
¥ TPSF Wy#E& . I 45 th T TPSF 45 44 1937 i



281 B RGN T SEME S BT O I R 5] AR Y E A AIF S 971
WRE, TEIEM EARACIRE T 1 &% TPSFE 3| ating crew response to complex system accidents-

AF|

THERP J5¥& Al HCR J5 2 vh 9 52 Jiti HE

28 9F XK TPSF 51 A E 5 Al 73 #r I 75 i 2 B
KHERGEAT T ihe. fEfFgen HRA Jrikh
FIAXS BELH DA 3R B 52 0 2 n] AT 69 O BEAE —
P JBE b ek A 5 3 A 40 HRA Jrik.

S & k-

[1]

[2]

(3]

[4]

(5]

[6]

SALAS E. DICKINSON T L. CONVERSE S
A, et al. Toward an understanding of team per-
formance and training, in teams: Their training
and performance [ M]. Norwood, NJ (USA):
Ablex Publishing Co. , 1992. 3-29.

SASOUA K, REASON ]J. Team errors: Defini-
tion and taxonomy[J]. Reliability Engineering &
System Safety, 1999, 65: 1-9.

CHANG Y H J, MOSLEH A. Cognitive model-
ing and dynamic probabilistic simulation of oper-
ating crew response to complex system accidents-
Part 1: Overview of the IDAC model[ ]J]. Relia-
bility Engineering &. System Safety, 2007, 92
(8):997-1 013.

CHANG Y H J. MOSLEH A. Cognitive model-
ing and dynamic probabilistic simulation of oper-
ating crew response to complex system accidents-
Part 2. IDAC performance influencing factors
model [ ] ].
Safety. 2007, 92(8): 1 014-1 040.

CHANG Y H J, MOSLEH A. Cognitive model-

Reliability Engineering &. System

ing and dynamic probabilistic simulation of oper-
ating crew response to complex system accidents-
Part 3: IDAC operator response model[ J]. Reli-
ability Engineering &. System Safety, 2007, 92
(8): 1041-1 060.

CHANG Y H J, MOSLEH A. Cognitive model-

ing and dynamic probabilistic simulation of oper-

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Part 4; IDAC causal model of operator problem-
solving response[ J]. Reliability Engineering &
System Safety, 2007, 92(8): 1 061-1 075.

CHANG Y H J, MOSLEH A. Cognitive model-
ing and dynamic probabilistic simulation of oper-
ating crew response to complcx system accidents-
Part 5: Dynamic probabilistic simulation of IDAC
model [ J].
Safety, 2007, 92(8): 1 076-1 101.

Reliability Engineering &. System
US Nuclear Regulatory Commission. NUREG/
CR-6710 extending the dynamic flowgraph meth-
odology (DFM) to model human performance and
team effects[ S]. Washington D. C. : US NRC,
2001.

YUFEI S, KAZUO F, SHUNSUKE K. Team
performance modeling for HRA in dynamic situa-
tions[J]. Reliability Engineering &. System Safe-
ty, 2002, 78. 111-121.

KAZUO F, SHUNSUKE K. Group reliability
analysis[J]. Reliability Engineering &. System
Safety, 1992, 35. 159-167.

HOLLNAGEL E. Cognitive reliability and error
analysis method[ M]. Oxford, UK. Elsevier Sci-
ence Ltd. , 1998.

US Nuclear Regulatory Commission. NUREG/
CR-1278 handbook of human reliability analysis
with emphasis on nuclear power plant applica-
tions[ S]. Washington D. C. : US NRC, 1983.
HANNAMAN G W, SPURGIN A J, LUKIC Y
D. Human cognitive reliability model for PRA
analysis[S]. [S. 1. ]: [s.n. ], 1984,
RASMUSSEN J. Information processing and hu-
man-machine interaction: An approach to cogni-
tive engineeringl M]. North-Holland, US: [s.
n. ], 1986.





