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ABSTRACT

The nuclear power industry in the world has recognized the importance of integrating non-technical and team skills
training with the technical training given to its control room operators to reduce human errors since the Three Mile Island
and Chernobyl accidents. The Nuclear power plant (NPP) industry in Korea has been also making efforts to reduce the
human errors which largely have contributed to 120 nuclear reactor trips from the year 2001 to 2006. The Crew Resource
Management (CRM) training was one of the efforts to reduce the human errors in the nuclear power industry. The CRM
was developed as a response to new insights into the causes of aircraft accidents which followed from the introduction of
flight recorders and cockpit voice recorders into modern jet aircraft. The CRM first became widely used in the commercial
airline industry, but military aviation, shipboard crews, medical and surgical teams, offshore oil crews, and other high-
consequence, high-risk, time-critical industry teams soon followed. This study aims to develop a CRM training program
that helps to improve plant performance by reducing the number of reactor trips caused by the operators' errors in Korean
NPP. The program is; firstly, based on the work we conducted to develop a human factors training from the applications to
the Nuclear Power Plant; secondly, based on a number of guidelines from the current practicable literature; thirdly, focused
on team skills, such as leadership, situational awareness, teamwork, and communication, which have been widely known to
be critical for improving the operational performance and reducing human errors in Korean NPPs; lastly, similar to the
event-based training approach that many researchers have applied in other domains: aircraft, medical operations, railroads,
and offshore oilrigs. We conducted an experiment to test effectiveness of the CRM training program in a condition of
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simulated control room also. We found that the program made the operators' attitudes and behaviors be improved positively
from the experimental results. The more implications of the finding were discussed further in detail.

Keyword: Crew Resource Management (CRM), CRM Training, Team Skills, Team performance, Human Errors

.M 2
1.1 9470 HZ % 2=

U] 7hs fxEd el AH) FA A (Main
Control Room; MCR) A= @34, ki, A=
W, HRl, e X*QQH
(Operating Crew) 7} 8 AqHF=
T v Hdew AT %i%
g 3-43%7] QHFH HEHe= Jd TR
s ”%LO]E} 7Y, A7t AFEA, a8l W

;g
=)
o
i

> 3

T o

o i

o
R L)
230 N odn gl

d0 X N0 oo kOB

n2
He
o
v
o
o
<
o
oﬂ‘, ¢
rlo
Hl
=
M
=
o3
)
T
=
4!
o
=
2

T RIASE o), o] 2 & ' 7]% (Team Skills) 2]
A7} oF71d 4 31tH(Gaddy and Wachtel, 1992). dxt
o7 ¥ 7lzolgk o] BA& @Adsh=t ast fuy
(Leadership), 9JAF2%(Communication), BY=(Team—
work), 18] § ¢JAFE7 (Decision Making) & "2ttt
Ul AP A9l XA E HEE TS Ale] 1Y
FE 79 5 UES qAsk 9lon, 44 wES ol
sta W AR AAI s She]l Atz ] 7o) FEA o
2 385 ek ey g ARy 10MW 9
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ﬁﬂi Feh=d ded A4, Ve, 283 AYs
Alastar Adu], AxpA, 283 1A 52 WRARRS
SIEE AnS-& AASta qith ZH"’% A 33, 3
FHA14AZD) AA=E 9o, A =
ZIet wsRoR AxEwSdy 7 9 B uSE
AlEj el Al EHOIHE &85t A .
AlEHOlEE 83 uSFHS —T‘ﬂ]ﬂ@ﬂ 7 =
8E WIAFI] Y3t HHoR FE T Qi) FAoA
o] A2 A4 Normal), H]177d(Abnormal), 12|31 B}/
(Emergent) 480 =2 FEEH, AJ3d Adk z=x
a3 2274z sl gist AFmso] F7F Hrt o]
AlEdelHE &8st ufFHe A4, Vs, a3
(Knowledge, Skill, Abilities; KSAs) $52] E’_Ir.c_’i
A R dist diAsEe L A kgt
A @ 5 (Human Errors) & %384 X3k= ghAI7E Sk
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Power Operations) o4} 7¥tet HPES (Human Perfor—
mance Enhancement System)Z 3+=3 Q1% o7 Ald
AN 2EN(K-HPES) & 7|%stoith. K—HPESE Abal
MAdol e AFZ AR (Near Miss) & 4] 2ol
FA7|a 9lom, A (Web) 7]HF A|AElS] %S T
AR AR AR o EAS WAt AFAS el FAAS
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F 91, 2007). olel wheh #5 AR A7) (KINS) &

SAT (Systematic Approaches to Training) 71H< 4%
sjo] g9l Aol M WKETAL AeA, 2T,
AE, old, 1E]3 F7t 52 dde S AALeR 2
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Performance) & 345wl 5o 3l
Al ok (AR, 2008). whebA] 7l
Yt © 3% (Team Performance) & b}}/\]?]ﬂ 938k
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2 AT 54 Sl 4 FA1d 249 | 79
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of Hx=Z Wkygsla Utk E A& A
WoeR 12delE CRMe et olalE 7] 98l & 9ul §AES 38719 o|FFo] 2FAHENIE 234
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Arelell Al CRMeo] =919 wl7L 7heks] Awata gk

28 CRM m&EdAAe) 7% 24 2 Uge 4
sk gk 3delME TEE CRM L&EdAA] el

X]—k]]‘] Asla Qi) npR|wo 7 4490 AR Ak
B w&EAAA oo} AR tisl] =aka Aok

1.2 CRM2| =¢ HiZ

19704y 18 e F=E <l
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R, WA AlalE 62}%7]94 SIS
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275 (Azores) @] Tenerife Island &3 52 ¥
o7 A}are]t). Jacob Van Zanten 71742 B—747 X &
3715 24t Wl 7 EFRAA olFE FHlsta Sl
Atk 2= Y 71E iAol 309! ik VIR
Br1go g @53t TR 1 VA2 HE HYusS 6
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Tenerife Island @37 Al1E Q14 @72 A3 Al A}
12 7|9 Fd Tlsolu; BAAY A Ve BAR
B =5 93 247F FEAQ Ao g XA E Ao
o} e o]t Q18 @FE QIEt U] Alals o] %o

T2 el f&& FA AUSUTE T3 70~80%2] ¥
Atz 917 @ f/® QI wdstal gtk HAINE sidst
12} 313lek o] Al 1 iAoz oiFE 'de] CRM
oJt}.

CRM2 1979d v] & -5 (NASA)olA Fa3t
Resource Management on Flightdeck' 3]9]& %3 %
2 4EAA =305 (Cooper White and Lauber, 1980).
5]¢ CRM< 'Cockpit Resource Management'® FFA}

e FY 284S TUAE HHoR AFE F =
EZE”O]%E} o] 'Cockpit'®] WHE Crew'z 39
om, 2001 | F<F a4l HE S8 25d CRME
Aol &, di, ¥, A8 g ouA Ak el ¢
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(Helmreich £], 1999).
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2.1 CRM uSZMA += 20y

2 AT = 27 19 dapel wep g4 s fet
CRM u&F-AAE 75330tk
2.2 CRM us=H#Ho| /& =&

CRM wSEde] ¢35 CRMef| #3+ A7 (Cannon-

Bowers £], 1991; Cacciabue, 2004; Gaddy and Wachtel,
1992; Salas 2], 2000; Salas and Prince, 1999; Salas and
Kendall, 2004; Salas %, 2005) ¢} &3 2 HZAR] 9
CRM A AlglE4] (CAA, 2006; Dédale Asia Pacific,

2007; FRA, 2007; HCPro, 2005) 2 7|Rko 2 =&t}
Cannon—Bowers £(1991)& ©l9] oJAFAAS SAFA
7171 91t AS-FA Wete 2 g5 JrnFE T3t

+(Shared Mental Models) W<he A3t CRM
FF @A Aol Cannon—Bowers7} A|¢kst !

o] CRM A¥-a£e] W4 glr}. Cacciabue (2004) = &
TARAeA 28531 9l HERMES (Human Error Risk
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T A o]l (Socio—technical Study), Q142 AF124 (CTA),
. Cannon—Bowers et al., 18] 31 AFaLEA] (Accident Analysis) 52 23l AL
1991 o
. Cacciabue, 2004 A 133t 2 . .=
- Gaddy & Wachtel, 1992 .CAA. 2006 « AADA (AZFE 8 wHFAR s g Aol g
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e = e W =2 . - -
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L ZAEe), 290 kAT, a8l A9 3 ol
<& n& g9 =4 49 Gt
A9 | wHEH A Q45S B AFe CRM 1% 3. ¢ At
FAAAY 7+ 247 FEE
iAo 2 47 CRM w&EdAA= 71E 3, 935,
AL, a3 FeF A Y2 selA Aesta e At 29352 23] ©&9 CRM mSFdAAE 13 29
7 7]8ke] A (Event—based Approach) W3 AV 2t} CRM Z&EdAAIE ZAFA, A, A
AAZ LA AR 7INEe] A S B2 A 283 HrhA|, ol 47 dAR FEEY WA AR
of &3] CRM n&FAe] 7Pg Agst yEos 1 & AE CRM w5%¥Fd AE sk o] 2o 4R E
7k ASHATHCAA, 2006; Dédale Asia Pacific, 2007; TR BAR 2249 bdEs)l, +d9Y BE, a1
FRA, 2007; HCPro, 2005). o] <t W AR/ARL Al CRM & 25 FARsH= WAook AZdAE ARG
vele s Tk Adgste] waEeE 14 949 FAK AlelA doixl Az o] #4 A7E vt o E CRM W5&
< ddste AEAQ A E HHE T2 SR o He] Bxg AYsta o|l2ugy AFus AdE Yt
A ot = wlolth AlFd A e ol W AFuS gt
olde] wHAT 9 AkEAE S8 =¥ CRM u& olg} wSFHe] A7), 71zY, &, wSud, 1ela
T3 93 vS 7 Zr WPAHHREZE 55 A AYaAE S-S AlE
o3 CRM n&FHE 7ok dAlolth nx|eto s 3
+CRM W&FHe Fd 2199 Jrngs 3/ & VA= A9 § FHEE SAska Frtste] 1 A
glojo} 3t} (Cannon—Bowers 5, 1991). 2 CRM % 420 3= (Feedback) s, CRM 5

* CRM 25F712 HERMES (Human Error Risk Manage—
ment for Engineering System)?] g £& A3}
(Cacciabue, 2004).

g FAE ALY ©H Vs 210w YARART,

e gl 97 A9 B4, 18a #uy sHEs

CRM m&F7ef 3k 3t} (Gaddy and Wachtel, 1992).

CRM & A ol|A Ajbeh= 27441 CRM 15 23

< CRM w&-EAA Aol qhed st} (Salas ], 1999; Baker

and Salas, 1992; Bowers %], 1992; Cannon—Bowers

9], 1995; Salas 9], 1995).

CRM TSFd& A 7]6ke] A Wb o s S8 ofof

SHH(CAA, 2006; Dédale Asia Pacific, 2007; FRA, 2007;

HCPro, 2005).

2.3 CRM w3 23|

CRM nHFdAAL k= FdAT9 AREA S
23 529 RS vg oz Sl mdsl= (1))
3 58 7Feha, (RIS 24E #y, (3) 2dgt o
25 EE B gio] Fxsln, D EEE Y4F) 4
etz Felata, wpAuto R (5)LEE X RA3e
SUS 74 - Bl e B3l Sy =9 CRM
AEFEAAZ = A A6 A = JAEE =y
AR BAHLAE 2u3l Q4o widstgint Ty 947
Aort 2399 w&FE A%, Y 279 72 U

F#ol a3} (Effectiveness) S H71sh= whAlo|t}

Phase | oFx]
ZAEHA

CRM o224  |*
i
Phase I
HEes) SE 43
ol2us A ARnsg 44
I
Phase Il
AlSH T CRM uszd &+
Phase IV i
HIHCHA| B £ Bt
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3.1 ZAIEH|(Phase 1)
3.1.1 QHES} A}

2 ¢4

¢ z=# 9] <t *%Q(Safety Culture) ZAP=

Z AlE 714 dgEAS 53 usEY BH*J &ZM
olal= &l Aesit} wEdk 229 ekH Rl =7 whet
CRM Z&EHe] 71713 v 2 go-3d A wredsict

(Dédale Asia Pacific, 2007).

Z2] 9] QPHEstel et A= Ab3|#Eke] Wl #3)
of thet Aol 7138k 3t} 9=r2] Health and Safety
Commission (HSC) & HEstE tha57 2ol Aosta
81th(Cooper, 1999).

"Safety culture is the product of individual and group
values, attitudes, competencies, and patterns of behaviour
that determine the commitment to, and the style and
efficiency of, and organizations health and safety
programs. Organizations with a positive safety culture
are characterized by communications founded on mutual
trust, by shared perceptions of the importance of safety,
and by confidence in the efficacy measures."

gk 7lQloluh Fwhe] 75] F/H+, oa 13]3’— PR
2 Q8] el dYES TSR oldllE 4 itk &
st Cooper®] QbAEslel| thst = Bandura(1977) <}
Cooper(1999) 2] 435 A =49 (Model of Reciprocal
Determinism) & 3F2.2 <17F(Person), ‘33 (Situation),
231 39 (Behavior) ol gt 4% F21 ARHAAE ©]
gsk= d ok

ZA9 PAEskE kel W ¥ (Observation)
3} AEAH (Questionnaire) ©] Atk #EHL Cooper?]
hdel mdle] vk Azre] WLE A4 BEete W

F

=4
W3l 7P 07 229 obAES AHS 2A}EH= 1 o)
Qith TR st AAF UL 79 'Health and

Safety Executive Safety Climate Measurement User
Guide and Tool kit'ell =A|3] A<=e] ¢lt}(Flannery,

2001). AFEAHL 27 T4 94)S AFEX S 43
o] AFsh= WOt} Zohar (1980, 2000)2 AH122) ]
Srd HB-97] (Safety Climate) S ZAFSE7] 9138+ FARA}; <1

4 BAAE At kA 2971 A4 24o] okl
AW ZFold ’'e /bdskE omgit). Zohare] #
AYE 7o R o] F e AFAHE (o), Glenon, 1982;
Brown and Holmes, 1986; Dedobbeleer and Beland,

1991; Seppala, 1992; Glendon, Stanton and Harrison,
1994; Cooper, 1995; DeJoy, Murphy and Gershon, 1995)
of 9J&f kA&t =7-50] /EEUTHZohar, 2000). 5
g Kdkins (1999) = &34t e bdEsts H7kehs A%
2A] Airline Safety Culture Index (ASCDZ 7ltalo] =
=53 tH(Flannery, 2001).

A Reason (2000)2 324 Hd+-3}e] 4~F (Nature) 7}
778 (Strength) & H71E HZ o2 kA3 HIIAE 7
W5t (Dédale Asia Pacific, 2007). Zohar®] 37147}
FE AX7Y FARE tPe® vhEolzl whde] Reason
o] 3 Vl“ ‘QHWO & Akl 488 ¢ s 1ot

o] A}%‘ék‘iiﬁ‘r. ﬁéﬂﬂ% E% 207H Jgﬂ?%%gi A E] o
olom ZAA e 14, 24 19/} 2 REE A9
7} 0.5%, 18lal $432 gilo] 038 Fo3tes A7

olek. 20709] BAHF R Uge et Pk

jﬂ

el g vt ﬁoz1]—}1‘:]v
|
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Aol A5t m@i R

P Aol Hl AR
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&
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=

QHAEs H7F Ao A v % 19 A8 Vs
Hauste] Friek 4 Qi & 19 FHrEEE 35 ARA
&lol] AgkE A-87)F(Dédale Asia Pacific, 2007) S =)
QANAEA o] s =7 - Beksto] AQtE Ty I



$28%, B13%, 2009.2.28

0
=]
>
0y
1o
£
OII
@)
19}
=
D
D
(2]
o
c
o)
)
=
QO
=)
[}
Q
[0)
3
()
3
HO\I

S OHe 43

B A <kt g CRM A&
16~20 ul-g- A CRM Ago] ]S =3kst
11~15  H2& AA4s ?gliﬁi;;afm %9t CRM 4
6~10 BECEAJE Smffj%—% %3] AR E}
1~5 2] 23 SFRZ/{ 8 Aol a4

0 e xg  SolECRMAR S

3.1.2 = Z=A}

Bl = (Attitudes) Y 4324 (Personality) 2 7j<lojy} 3
@] AN s AzbgA R JFE FE aiolt)
(Chidester 9], 1991). o] witol dFHa o= HE FAR=
A FA o] g A eA Tkl Yl Aol Ags
A AR5 A=l AHgHTE $HE, e (Leadership),
AE A (Stress), B9 (Teamwork), 2ol thst 71X
o] (Work Values), 2% A4=(Errors), 181 F# 9
*‘%-‘317] (Organizational Climate) 5ol gt =2 T4

£ CRM u&FdE B3 3dd & e 8% &
/\O]E}(Helmrelch T, 1993). whEbA 24 A9 HE
+ CRM uSFdS 53 22 dA9 3= 7]
£ Fa]lo] = 4 gtk

Helmreich 5(1993)= #3432 CRM wS&del 2
£33l "= ZAKQ! Flight Management Attitudes
Questionnaire FMAQ)& 7Ntalitt. 259 o+ Aap=
o]%F &9 A ot AL S fle e dgtow
gk, U Ak, 18] 71E AFde 7k g A&
Hlom, HE ARG AEdE ARt glok

B Ao Aeksh= CRM wSEFHA Ao = FMAQ
E Al RS S0 BRES Uy oo 7S Bl
'‘Crew Resource Management Attitudes Questionnaire
(CRMAQ)'E ¢Hdstsleon, HE AR E8F Ut
CRMAQ 5770 2AF &+9] 217 E (Likert) 53 #%=
TAE Utk CRMAQS &3 x99 HE A} A3
= 59 CRM &FA A5z &85k

9
"
>,
o

$F CRM w5 vy o] 27
&

N

Y

CRM #g%éﬁ% AL £9 5E QAT 3
%l‘?}@?_ nSFHe A 'Tralmng Needs
Analy51s (TNA) 2 &5
BAE ArEhE o) BAE AL o ?* i/\}ﬁﬁok Ely
e 2E Aok gt o] 3%
AL TNAE AAsk=d I3l 2}
ool 72 Absel dig s shetaljof G}E]r(DlLauro
& Thomas, 1979).

cWHEA FoE Fosh AREA 7UEE kYT
FAEe} AAe kAP FHE 7] EYAE U
ol EUx]9] fle] Flclrte| djgh A4x

«BUA ] AR 3t ARE WGFH FoE FHA
717] AaliA ofd FHgs Aee Zcltel vigh 45
cWGTH o 9 Heke] M-S 9F As

c WEHFHL AFI AAE s x}ii Fe A, OMH

ZAFSFE 71 A R ARAPY
(Written Survey), MW (Individual Interview), @A
#2(On—site Observation), 1&E2] (Focus Groups) &
o] YA, WHFAL] el BA thE AP E o] &
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