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ABSTRACT

Objective: The purpose of this paper is to introduce new research trends of human error and accident modeling and to
suggest future promising research directions in those areas. Background: Various methods and techniques have been
developed to understand the nature of human errors, to classify them, to analyze their causes, to prevent their negative effects,
and to use their concepts during design process. However, it has been reported that they are impractical and ineffective for
modern complex systems, and new research approaches are needed to secure the safety of those systems. Method: Six
different perspectives to study human error and system safety are explained, and then seven recent research trends are
introduced in relation to the six perspectives. The implications of the new research trends and viable research directions
based on them are discussed from a cognitive systems engineering point of view. Results: Traditional methods for analyzing
human errors and identifying causes of accidents have critical limitations in complex systems, and recent research trends
seem to provide some insights and clues for overcoming them. Conclusion: Recent research trends of human error and
accident modeling emphasize different concepts and viewpoints, which include systems thinking, sociotechnical perspective,
ecological modelling, system resilience, and safety culture. Application: The research topics explained in this paper will
help researchers to establish future research programmes.

Keywords: Human Error, Accident Model, Cognitive Systems Engineering, Resilience Engineering, Systems Thinking,
Functional Resonance Analysis Method
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AF e F W AR tdt AFu8-2 THedok AT (ol
AZF Al 74 9 AIAE QP ) &8 TRAIM o
234 &85 3 vt (Hollnagel, 1998).
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Ql 5L obdAbare] that Q13 7o AwAdS vhetsta
I AR W e B, AR W s B4 Aol
t}(Reason, 1990; Spurgin, 2010). o1& 98| vhakst
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1990; Hollnagel, 1998).
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Table 1. Limitations of traditional views on human error and new research trends

Different views on human error

Limitations

(related) New research trends

. - Linear cause-effect relation
The common sense view

- Focus on a human worker's faults

Systems thinking and Hierarchical
accident model(2.1)

error happens

The scientist's view . .
- Linear cause-effect relation

psychological theory

- Difficulty characterizing work situations where an
- Less realistic error taxonomy

- Error taxonomy depending on a particular

System resilience and Resilience
engineering(2.2)

ETTO principle(2.3)

Common issues across domains(2.7)

The reliability analyst's view

- Assumption of normative task procedure that is
different from actual procedure

- Difficulty predicting situations and possible error
types in less structured tasks

System resilience and Resilience
engineering(2.2)
Functional resonance analysis method(2.4)

- Linear cause-effect relation

The therapist's view

- Focus on a human worker's faults
- Identification of event chains and therapy influenced
by the background of analysts

Systems thinking and Hierarchical
accident model(2.1)
Common issues across domains(2.7)

- Linear cause-effect relation
The attorney's view

management factors

- Focus on a human worker's faults
- Inadequate consideration of environmental and

Systems thinking and Hierarchical
accident model(2.1)
Safety culture(2.5)

- Linear cause-effect relation
The designer's view

work system)

- Inadequate consideration of contextual information

- Ineffective design solutions based on event chains
(Inadequate consideration of functional model of

Systems thinking and Hierarchical
accident model(2.1)

Safety culture(2.5)

Ecological information systems(2.6)

708 2R ATgol Zhe ulE IAAAEIEEY] &
Aol =23t

2. Recent Research Trends
2.1 Systems thinking and Hierarchical accident model

QA QT W ALY A oA A|ABIA AL (systems
thinking) & #-8-0] MZL &5 ot} thit 7]& AT
=9 dARE F5s7] A8 AARA Abae] HASE 8-
o] ol ¢ Wol ZxH 3 vk AFshs o] ¥ Hg
& Zlojt}, o] ®ops AEsta e ATAEE W= MIT
tigke] Leveson W2 IUE FHZol AlAH o2 ¢
Zya ] A2 AR EQd STAMP (Systems—Theoretic
Accident Model and Process) & W23l th(Leveson,
2004, 2010). T3 STAMPE o8 H@Abare]] &-234
ol AL 7S HoFth(Leveson, 2010).

Leveson (2010, 2011) 8] AF-ollA AA®A A}
2ol A 71 ARE P A7) 2 Qe o
= AA A AR AFelA 7R oR ol8d AE

< 2 AsI3itk Levesono] A&t o2 14 AF
S 83} daaEsis Yol Hi 53 AlAE kS
° 3

Q7o) AFA9) Adel} ofd Al
9 eI e B L A RAE S BERY dw
ol ek gol AHs|ek. oleld olf= STAMP
QA e BARAR HSHL PATH AlckzAs) A
& AZA P3P EAS A el R £ 9

S
2 7}E3Y (Leveson, 2011).

STAMP:= A28 PAFAIE REgsslar AJ2g] A7
ATAIE 802 Ads] s As]7<4 Al
(socio—technical systems) & A54 /NdS +dd#A

o 2 o

ozl Fxsle] &8-3ta vk (Figure 1). Z29d] o]
A%2 FZE Rasmussen(1997)°] 8@ (risk man—
agement) & 913l &3 ALS7]E4] A4 2F ) 7IRks}
3 3tk Rasmussen®] AlZ4 & Xk Vicented %
sk ofe] Akl g3l 1 -840 Y= AUTHCassano-
Piche et al., 2009; Vicente et al., 2002; Woo & Vicente,
2003). STAMP+ Rasmussen®] AlE% &M 7} =5
7H) EAANAES B 723 ngolgl o 4= Qv 7t
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| SYSTEM DEVELOPMENT ‘ SYSTEM OPERATIONS ‘
Congress and Legislatures Congress and Legislatures
Govemment Reporis o Govemment Reports
Legisiation l Loblying Legisiation Lobbying _
Hearings and open meetings Hearings and open mestings
Accidents Accidents
Government Regulatory Agencies Government Regulatory Agencies
Inclustry Associations, Industry Associations,
User Associations, Unions, User Associations, Unions,
Insurance Companies, Courts Insurance Companies, Courts
Regulaticns - - -
Standards gﬁ::c:?_g" l:;:" i?nﬂzggs Accident and incident reports
Certification 'n‘-'l'wisﬂgeblo':r.;rs Eerﬁ'ﬁcalion Operations reports
i Maint Reports
Legal penalties Accidents and incidents Legal penalties amenance repo
Case Law Case Law Change reports
Com pany Whistleblowers
Management
Safety Palicy Status Reports Nfo'“Pa"Y
Standards Risk Assessments anagement
Resources Incident Reports Safety Policy Operations Reports
Policy, stds. Project Standards
Resources
Management
Hazard Analyses Operations
Safety Standards I Hazard Analyses Safety-Related Changes Management
P 53 Reports
. e Progress Reports Work Instructions Change requests
Design, Audit reparts
Documentation Problem reports
Safety Constraints Operating Assumptions
5 onstrain Test s : -
Standards Bst repo Operating Procedures Operating Process
Te:st;t nui::errTents Hazard Analyses
= Review Results

| Human Controlleris) |

Automated
Controller

Revised

Safety
Reports
Hazard Analyses
Manufacturing Documentation

Design Raticnale

Management
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F\:::?Dr:du " au:_gepo and Evolution
work logs
inspeciions

Manufacturing

Handware replacements

| .t;cruator{s] | | Smﬁns} |

Physical
Process
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Problem Reports
Incidents

Change Reguests
Performance Audits

Figure 1. Hierarchical model of socio-technical safety control(reprinted from Leveson(2010) by her personal permission)
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AZS YHUH("the presidential commission said that
the failures were 'systemic' and likely to recur.") (BBC,
2011).

2.2 System resilience and resilience engineering

A28 Qb o} dE] FH 2o AlER Ty oes
TSt Folrt AlAE FEH (resilience) W 5458
(resilience engineering) ©]tF(Hollnagel et al., 2006; Weick
and Sutcliffe, 2007). 3] EAF8to] F23 E42 ojwH
A28 dl QIZto] Aujiglo] AFHoR H48 dAsh=rt
9} @A A|AE Y QIFko] AIAEIS] QPYARI AEIE
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£ Fr}= 7ot} (Costella et al., 2009). 3|E-AF-8}o]
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to respond). EAE A|AE 24 WS S0l A gsk
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g FEHIE 5T 4 Qlojok dt}(ability to anticipate).
YA 2 Alal(accident), AL (incident), -8 AF (near—
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ol 7Intel] 1A 7 U AlarE B &3} se] 1l Hollnagel
o] o] A8t T 7147} ETTO principle?} Functional

Resonance Analysis Method (FRAM) ]t} ETTO principle
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2.3 ETTO principle

ETTO% Efficiency—Thoroughness Trade—Off2] 2kx}
2 ojd gl AFdoldd &7k of o 76]‘?‘01]":
A stA ==7HE olaElskal AeskEt| %%?ﬁ 3ot}
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A Q018 AA e WO R AAH Qhxlo] gry &
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2.4 Functional resonance analysis method(FRAM)

FRAM= Q14 @5 9 Abar whyshs s s
A AE 715 ES] BB AR A5 E-s By slete] o]
sl ASsh=dl B2s v W otk (Hollnagel, 2004;
Woltjer and Hollnagel, 2008). FRAM2 18 95 9 A}
IE vlElE = BEA 3EAFs W ETTO principle¥}
Ut AAE st Qlvk & RS WEdS FdHo|n
Aea Aile Y ZEAN 9 dEEA PomiY 2t
+ 7Id9e] FRAMS] 7]¥ Fslo]t}, FRAM<> Rasmussen
9] F4+3} A% (Abstraction Hierarchy), Lind9] thghA]
F 258 (Multi—level Flow Model), Hollnagel®] =2 —<~
& 2] 375-2 (Goal-Means Task Analysis) ¥ 32 7154
zo 3t ofgle 4= Aok (Woltjer et al., 2009).
FRAMOH/H 7]#7H 3 (funct1onal reasonance) o nlEt

A% "ﬁkﬂ E’i A Eo] JEO}Z] %2 “_?_ﬂ%ﬂ BHH o]
D AA] T A AT g A J}ﬂ S E3) ad
%M FRAME 3)2] Wz

S HEAS 04;1]0}7] S8 Ayt
747‘4/‘1 o] o] Xtk (Woltjer and
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Hollnagel, 2008).

19AZ AARS 44 7)5S detata o] 7Vses
6719 @91z 54313t} Figure 2= FRAMOIA &2
Al2E 7)550] o' A TAslE =T HolF e Table 2+
715& BASSHE 6719 2918 Arsith

Time T C Control

N e

Activity/

Input e
P I Function

O Output

e N

Precondition P R Resource

Figure 2. Hexagonal representation of a function ans
its properties(Hollnagel, 2004)

WA 2 FEFIZA (common performance conditions
(CPC)) ¥} HEA 2 44 e (variability phenotypes)
£ 834 el EARl NS 54938 stk CPC
+= Hollnagel®] CREAM (Cognitive Reliability and Error
and Analysis Method) @429 SAdo =z <17t AlF]
T A Ao M Y] % &AM (performance shaping
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Table 2. Six Parameters of a Function of FRAM(Woltjer et al., 2009)

Parameter Description Essential variables
Input What is transformed during function performance to produce the output | Essential variables that describe the input
o What is produced by a function, described as a changed state Essential variables that change state when
utput . .
after successful function performance output is produced
Preconditions Cond}hons(states) that must be fulfilled at the start of or during Essential variables that describe preconditions
function performance
Resources | What is needed and used to process input Essential variables that change state
as resources are used
Time Eme. aspects, including time needed and time available to perform a Essential variables that describe time aspects
nction
What surpervises, steers, controls, plans, or adjusts function . . .
Control performance, such as deciding when a function should be performed Essential variables that describe controls

factors) ¢} H]<23t Ad e g 1 "ok (Hollnagel, 1998).
FRAMeIA = v52] 1171¢] CPCE &85tk 1) availa—
bility of personnel and equipment, 2) training, prepa—
ration, and competence, 3) communication quality, 4)
human—machine interaction and operational support, 5)
availability of procedures, 6) work conditions, 7) goals
number and conflicts, 8) available time, 9) circadian
rhythm, and stress, 10) team collaboration, and 11)
organizational quality. CPC= Z} 7|59 914, 7|44, %=
Mo@ Z9e FRHoR BANET Ed 1149 b
H5d e A4 JelE vt 2ol Aelska vk 1)

timing, 2) duration, 3) distance, 4) speed, 5) direction,

rq'

6) force/power/pressure, 7) object, 8) sequence, 9)
quantity/volue, 10) position, and 11) accuracy. W54 2]
34 Fel= 7159 E9 (output) oA W54 JHE
MEshed F8ET o] e o] Zsd ddd vE

7lsEel S vXA At

SHAZ 7155 7hsd o= B flEA w2
Al 7154 331& A FRAMOIA S 2 7]5
6719 SHoA EAsIEY] R z 715 50| theFst w
Yo AdE i Feage] o] ot Y= Vs Af &

g (output) ©] 715 Bell Y& (input) &% AFHE-5]= HiHe
7% C9 A3ZHA (precondition) &% Z-g8k 4= Qlt} =
3t olH AAAE FEFARAT HEAY A el
S o] 7]ed Fxlo] ols|Ea o SE)h
4IAZ bdo] gTs

U WAl sl 4y
(barriers) & Sotely FEE wUE YT Ji Mo

22& Jigsict dolgt vghashA] ok AR
A& WAV ARdo] BASE A9 1 Al oS Redt
N FekS oujgtt) FRAMIAE Ul 7kx12] 8 Al
Bl-S 283tk 1) physical barrier system, 2) functional

Al

barrier system, 3) symbolic barrier system, and 4)
incorporeal barrier system.

FRAM= @A77k 2%-/71% gd(Woltjer and Hollnagel,
2008), At (Herrera and Woltjer, 2009), A% S8 %
oJZ (Sundstrém and Hollnagel, 2008) 5ol &85 1
8ol gl k.

2.5 Safety culture

QHHa &3} (safety culture) = 19884 A2l 4 A}
A BaAOA AHs AgE O]—roﬂ ] ZOLd B2 Al
AE Qbde] Fast J3ks wx= 2 250} gt
(Choudhry et al., 2007). <% E'cﬁri]r #d °H"1 HAA7HA
A AT 23 Q= FAE sk v 2k
QbAE-ske] Jid Ao, kA3t dFS fst glg4d, ok
8 9 _bAEE YAl SR 24 U A BA

=
A28 A%, UG 129 B FD TR0 A

L

i)

-

F

##E4 (Cooper, 2001; Sorensen, 2002).

B3 ofe] A el A theket miAEAAE Zta
ATl 2 Aot vheksta ofF FTdW F= ¢k
(Cooper, 2000). 18iv; 9= B7ARPHE Y 3] (UK Health
and Safety Commission) 2| 27} 71 @] 1851 gl
L= A A= i R = oA S) BT R =) oz e A1)
3, 2EHd W AsEE AYshks il W 249 71X, |

% ooy 2SR S0 AgArE sk IvHSC,

O

1993)

chke bEate] Aot EANAN 1 AN ES £
Awd QAR theel Fad Ade etk 1)
Bohe RE 2§ 9 2ATYAEC] TR Xl
B A0R I8 D 2 A9 SN Aol 2) R
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she 249 FAAQ PaEAl BAE HGA 28l
WA o] Sl 3) bdEshs 2ATEAAN BE T
=9 TAHLEY 71AE Axd 4) bR 24T
A5 Aol TS Fh 5) MRS b ATl
whe WAAAA] v, 6) FAEShs AbaL, EARL, <
ALFRAE Ao s oXel vdEn, 7) gk
sk f17 A o 449 JidoltH(Wiegmann et
al., 2004).

2 AgEnh 28y BT ES PAEst vlE)] dAIA
Q1 Zwo] Zpstar vlw A H|ZMAIAQl 4] Qa) b
glo] 179} e AEA e AE U Axd JideR siME
}(Cooper, 2001).

RPAREEIE AR E A= AbEA T A=) zh= vh
& Fo3 Gule B2 th@Akae] dlo] AR #d@A
Al ZEhE APAEY NJAAF7TE obd 2 FelA
9 RRE Adeh= Ao] ¥ SHLE A9t 3E 7 vk
doltk(Reason, 1997). L5785 552 2 (active errors)
o} FAQA Q@ F(latent errors)® T W FEHFI)
ompg‘ o= @il #Atel WAet o] Qi A A
27} glof] Al~E 9 220 ohE A QA9 WA
Stk webs] AAA e fe PEEkel Al
jé&ﬂ Stk FESE PRSI 29t 9ol g
k= Ao] kst T8 /MdEe shteta okl

SrAE-3l9) v2Ek F o R OFHEE (safety climate) 7}
Qk
1

:i

A AFsinh 2 HZollw AR 14 eF dat
U ekdEsle] geks vk AUME FetelE e AT e R
Ax]q glong ofx o]} AR HEE 0w AFTHE AMIE
itk

Reason(1998) 2 HAE37) AL8|7|s4 o2 4%
AAE F S-S AERF ol st Az AT
3= s TAHLAEY I 245X ATAAE o
sk Aotk o]# sk FAl 9J2S zhu HHRIE X
o= olglelr] Y3t Y-S FHIAL Ak ATECl

o] o]Fo]A gt} (Cooper, 2000; Guldenmund, 2000;

Wiegmann et al.,, 2004). A7WHEZ SR = F32A4]

2y FHs ARERAE B d5ehs A9 A7t B

o] o]Fo]Rt} I3l ¢ Z]—E:hﬂ—?‘(j_/]\_’ §]_§1301x01. 43;\]/\91
2

FTeY AL 5 ohk Fopeld 2y AT} o)Folzl
RE okl M% s ?/‘JO/\ EIR

AWk S A H2Y F83 ATsF T
st ek &3 s E T (Safety Maturity Model) ©]
o A EQo]F 8 FofoA AZE o] izl )

W oEEAS QAN SIS FPA717] A8 AR

Capability Maturity Model Integrated (CMMI) & %+
QRS s Byo] ofg] 4y wopdE ATE
HSE, 2001; Jones and Earthy, 2001). o}&2 A7} -
SHA| o] FARXA] Qkotr] Al AollA = Hol EEH 1
A AR F5o] e s B 7F 229 S el

A 71g Zlor ddEn

3
1o}

=]
RN
o)
A

o{w 30 N

2.6 Ecological information systems
28 QbEALILY) dE Tt &l
3 oA e 2000 st 7P e A
Wy Sl Aol AEErd HJRAAE (Ecological Infor—
mation Systems)d Zo|t}, AA|A|AEFES] 7NEE v}
A8t Rasmussen ¥ 17} FSE dvk=2] RISG <1
T40 ATEATE AAEEHE] JRA NS 27hE o] Erh

(Rasmussen et al., 1994).
/\ggﬁswﬂ AR A A~ELO o]x—l
oA aofgh g AT 3821 A7k 2 Sl

< ﬁiEJ AJAE AHES dduEE 838 A%t

ol& AA] A3l FERAIAEE AR AL g57
A AE oA Rl W® FuE o)A %@% X]Z—q.é
TH(Flach et al., 1995). AlZgleA9] Q1
S 245 Hal 874 Wk (E3) 01]#6}1] 6} *J%)
121 5 Hol=t o3t o] f&E AlX

>
bs

w |
o mx

Mo
‘

k

ﬂl

X

Mo X 2
™ ofo
lo 4
B

VA7 Ade AAsH= WS H] a4

A2 gkt

thalell Ageehs] GRA|AE X = QIZEe] HA A g o]
AA A BelE 2 AdEE e WEeR FuA
28] A7} o] Fol A of & AFFFh(Rasmussen, 1999).
o] flell FRAIATL AL RE () Alekxdd
QY SHelA) 8 7Fed AEREd S gesAl v
&5 Zlo] Aud o FAasitt 7149 Az ¥

918 3% (behaviour shaping constraints) @} U3t 7
Lélo] 1:} _f_ ggﬂslz% z%y_/\]/kalg AgEHﬂxq xﬂg}}_
1

2Rl s A &0 d
Aol & = qleh 1‘%«‘:}2’5 l—iﬁﬁé} W%*]é?ﬂ"ﬂ’ﬂ Ql
A4 Aol AAEE ulflE Alekxde Fdlo] glor

ojug W o R T Akxds P Est AT EA7F

oot
Rasmussen 172 71 & 942 52 skt olefst

Aekxe] F79 I 215 2¥s S L gthe

o gitk(e]2]gt Rasmussen?] A5 HIFOZ FAA 7

22 (formative modelling) 7W'8-& 7xal AFE)7]<2] AA

g BA71H O 2 Vicente”} 703t o] Cognitive Work
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Analysis (CWA) o|tH(Vicente, 1999)). eja4] X*E’\V\
ol A= 5709 AlfEAS sk Utk 1) #AdY9Y A
o7 7 (work domain constraints), 2) Q1A% 2% Xﬂgnhg:ﬁ
(activity constraints), 3) UA|A 2k A|2kZ7 (cognitive
strategy constraints), 4) A3 FA A AokZ7 (social-
organizational constraints), 5) <UA& A& AeFx
(cognitive resource constraints). ©] 5712 #|ekzxA-
A|2E oA o] AFa )7t o] Fold = QlE AFe A
1 dSsliEr) olgfdt Aol Vs oRE & T}

QA g H}ﬁ‘ﬂ Ht} o] FglelA 7154 &
gk A -2] el ofy] 332 7|Ee] &3l
YHETTO principleo] o] o] 282
S Hlofdo] vz AIAEE 9
©

oju g}, wetA of 579 Aok

o2
o

2o

o Ok
g

m% >
:

oL

(o0
-
N
0

N
L
ol
B

i

LT

o] 3
NS
U=

A

=

s it

>

|

o X
=

0

N

o
flo &
Y

do i

o 2

QLA WAL AHE P 24
1527k QHlsl ol oA & Gl A

N

off 2 O o A
Y
J

o
o
ofl
o?..
o)

_i° £

¢

$1¢] 57l 271 Folld AFLS Ak A F
A AlokxEE ol gaiA AR AEe] AAVNE R TN
kel Zlo] Aejehd <lE|#H o] A (EID: Ecological Interface
Design) ©]t}(Vicente, 1996). EID& &9 AFzx1S
B8] Q8 Fdst AsE E8ata o] mddI= BlE
Qg Hlo] 0] Adl=7} fr}, o] 2 AAF PAY g1
SHolA w9 F83 ulE Adk ZPgRRe A|AHe
gt A4 23 (mental model) of] 9¥5=0] tiAZF o7} A7
HE 5
El

lo O

Aol oha 2194 Aok B Ba vInE
ot AYAR ol Y TP A

o] gnlE
= ZEF 3T Flolth of= ok X3k AselA A
4] sg_or]% AFH SR olinEd Fo% ‘312% sict, sk
AAA A AekxAE whdshr] Qe EIDE dEA g W
2ol 719k 1A A Ao] FF2] 3WAE AdWe= SRK
(Skill—, Rule—, Knowledge—Based Behaviour) ~#%]
ATE o] &gt webA EID+ JE#HolA HEl=7F SRK

o] zt WAE A7) S8l olEA EAE ook dh=Tlel
st AALHE Ak EIDY &842 oy drE
3l ol fiFel Hol $tom dAE MNdE ek g A
AR SHeA AEF R A7) o] FolX AL itk
(Vicente, 2002).

2.7 Common issues across domains

UA0F o ADZYE BE ol AP oI
oA gtk FAE AA B AT} o) FolAx
£ AL, S8R, DSAEALY, A2, B

YA Qe G BAAE, FUAT A LG, HTEHQH

28 A A A8 FEAR] Sl Fhakel Aot dla)
A ek T8 AdoR A0/ W ALIRE A7t
o SPd dxpE o W ghaitold] A AREE thE
AR Eore] AgsttAY e JdAe T W AIIEY
A9 &8Ado] A5 Zolgta UYW oA o] Fofe]
AT7F S 7] AFRT olgh FR-E] B =delMe
Al 718 ATE o&2H FhekeiAl ol
Parush(2007) & @&3719] <QAb—A|2® QlE]Ho] A
(human—system interfaces) Aol 28¥ 7dy} 243
B el 77 W ARTAEY0)
Ao F W ALY A3dE FolA kA
7 1&AYT O o] ATelA 1A
BqEAE et A4 F/ T,
awareness) 2] SHolA FF7] FAH
of| ;&) A7} vlzgt A5 EAS 2k gl
olgfst Aol A I& 7ol g A
FeiolX e AR/ 74 W HAE feh
oAb AR A, sl Y, -
&3t &8 T dee TEA
Antunes and Mourdo (2011)+ B ZYA T2 A
2] (BPM: Business Process Management) A|Z~Elef] A] 2
g 35y 4 3B EEte Jds A&shes A7E 7Y
3t3ith BPM Al2~Hlo] 3]388& 2] Q3= o]
(hazard) Q4o 2 Hlojus x| dsfiFof gty 152
o] AFtellA A|AEIE] 3|8EE 9135 57e AddeEks 9

o}t (Failure handling, exception handling, model

rE ml
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Eﬂ g o,
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> =
X gk
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to

[o2
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adaptation, restricted ad hoc changes, and unstructured
interventions). 53] 2|38 o] mopA|= FH9 3709
AL q1giel edite) Bz}, ole]
B ALEIE L S 5 BV Aol AFolol
g AWV SEL AyEd) o] AT AE e 1
o] ol H=YA 7] 1 2774 sl stn
of sh= RS A5k 918 BPM A28 el 7]
o AHeF @ ARy AT uu% GEat AaE T
W oPHEs Fue AT S e At
Sundstrém and Hollnagel (2008) & FRAMS AjH-A| 2~
o] ST el Agshs A7E FREAh 20080
WS 244 F69171E 7180 B2 ATAIAE s
Hrinde] A S T =gk o] A Ve
o] gixAQl Qd: Hrirds AES Y o5 gHS H
tap7] S1s FRAMS] SIS 23 £ Sl 23
ok EE T FE9719 Aeldd thEAel Fen
= 3]A}9l Nothern Rock 3H:tHe] o] & E0{4] FRAMO]
A28 e Bl f-8 &8E T Ades

Atk

) SIe)
- TeeE
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3. Discussion

< Slt}h. Hollnagel (2004) > AFalE3
2 etk A WA= Abae o
gz A9d = oty 7FY8kE 444 23 (sequential
model) ©]t}. Failure Modes and Effects Analysis (FMEA)
1} Fault Tree Analysis(FTA) 7} tlE4<Q 214 239
o7} Pt F HA RYFE= Alus EEE AL ZAA
ol o8] Qol5o] Adtyo] WSty JPYsH= A2 A
323 (epistemological) o]t 3220 )& Reason (1990,
1997) 2] Swiss Cheese ModelS § 4 Stk Al WA el
7} Al AE o] Fof AT AIAEIZE ¥ (systemic model)
o7 B =FoA 428 STAMP 9 o]9] 7]uke] ==
Rasmussen®] E&o] o] {-Fof 3k}, ETTO principle
9 FRAM . o] §-5-9} W5 o] sh= A2} & & lrh

off A2E o] 2ol ZASE A [ W ALIEY AT 1
gl i"}x]#ﬂoﬂ EHEH AztsE Aot OTIi]r

7/101 PF/LX‘OPE}E}* QAo |
°1E}(Hollnage1 2004; Leveson, 2010). A|2~8 QB4 9] &
4 e Fsk I F W AT EY ATt 29 Al
A A AE o] Z 1l A AEA Alyo] A=A 89S Qi)
AZst 9 ey, B4 9 Alojo]E, zﬁﬂ—r«] (holism) ©1
474?* Bt 64’2}, 7le W FERIAFAAM ] Fo AL, Al

59 Al~HEl o] (Wilson, 1990)<
7]%31 ‘L@ie 9 AR AT A QI sHAlR

aT
o 2 &=&o] 2 Zojrh & =welA e

AR REATL A QXA AR F TS W] 719
Al dE AlFetcl(Hollnagel and Woods, 2005;
Norros and Salo, 2009; Rasmussen et al., 1994; Roth et
al, 2002). o] AL Aol ABE ATEF) /)24
Q7MY A AAEARI G o] Hobo] ATWFE
AR ekt Fo8 ol27 7o) Hojok & o]t
A0 A PN ol Aol AAT B3t

wo} BEgel B9 QA9 A9E 2k B 9

3 Zojat= AR A o] WA E WMl 222l o=
BRIk oltk, A AlxEe] Qlgke] (A1XH) B9l
A Al Aael s Aol Hx gtk A
AL ATE 5 P AL AR olje} 7]
FAR A Y97t P RN AR Fe
1N SI9) AREA AR st Ao ek

oj2fdt olff= AN WEA

7 ol®l AL eEFde] #F wr oélg‘_} Zlo] 3
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vl A2 A" 9] Q1A]7 7] 9 HLE ol3let]
afA] AgAAAAE (JCS: Joint Cognitive Systems) 2
Mol e E ool dith= Holok Ao JCS+ HAa
1¢19] ZFd A} (natural cognitive system) 9} 3h-Fe] 1 ]
2] 7}53 714 (artificial cognitive system) 2 TAJ € ).
of7]e] & o A2 aEEE I A A2 JCSTH
L of7]el T tE JHEAE Tksd 7A FH o R
THEE AZL JCS7F HiE A o2 JCSY M2 Al &
Zre 4= 9it} JCS7T z2ie= oJu)= Al AHIoA 2] Q1% A -
]EH TS 2= JCSe B (AN 9 1 o]9] e
- g F o7} Qitk= Zlo|th AAE JCSe He 9

I2t= A4 HHelM tE EAAIAE
< 7 Utk X3 3K 2 JCSSF s JCSe
2 H714 HhAEE 2t AR AXF 7 2 Y
oj &k

=

e} 23eMe] 2 Al dhdEs oleld JCS
ol A ﬁﬂﬁﬁ}b 740] =] QH% Zlolct, Ay sk i%
el 2kt uf opekst

o] JCS7t LE‘%Q%E “H E‘ﬂr ‘:]r"oké AAAR] Rt Oé
o} Flolal o]|2RE Y Bl NAIE =E2E F U
Zlolt), mEF bdEsl AA W T At RREAT
o M= JCSE] 7ol AdsiAl &-84d 287t & Bolth
Ao 2 QIA QR W AIRY ATHE Y
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4. Conclusion

 wrolMe F e gl AR #dt V)= A9

& AAsta olefgt ld% =hetaat #2e Q1
E ATEAY G 9
© ArFAlES Alseit 5‘5?1 2 FASERFE A
Ao W ALY A 7F &5 AFsoF & vkE At
e zka glont 1 <
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