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An Investigation of Human Error Analysis Techniques in Various
Industries with Implications for the Korean Railway Industry
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Since human errors are being recognized as one of the primary issues in railway safety, there is a definite need

for human error analysis techniques that can identify the types of errors and their causes and derive effective

countermeasures to help reduce their future probability. But, for some reasons, there are not yet systematic procedures

or techniques for analyzing human errors in the Korean railway industry. This paper introduces several techniques

that have been developed and utilized for analyzing human errors in Korean and overseas nuclear power, aviation,

railway, offshore oil industry, etc., and summarizes the strengths and weaknesses of each technique. Based on the

investigation of the techniques, the paper also discusses the implications for the development of a human error

analysis system for the Korean railway industry.
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2.1.1 <337 RSSB2] QIF eF 4714

g7o] A FERoF 44738l RSSB(Rail Safety
& Standards Board)ol A& 1% @771 HdE Alare] 7
2 RSSB A4:9] 212 @9l (Human Factors) Eo] A} &
Aol Fgslo) 98 ool AAL 7o) A FHIIES
gt gick 914 of7E BAM% W) Fig. 13 22 FRAA
g AHgsle] 2fe] 548 #orskal TRACEr (2.3.2%9
Am)S FEsle] R XA A9l 2 wAYSH vk
&t 938k <lxKperformance factors)E-8 dosie}. gk A}
Wk old ARz PAHEAS 54°k7) 28] STEPR44
ol A)g A= 83k itk B8k 94 o] 54
o] u}2} Rule compliance checklist, SPAD hazard checklist,
Workload tools, Fatigue risk index, Signal sighting
checklist 59| ¥4 =42 #galr|= 3ot

Skill - based
Attention failure
Recognition failure

e
Mist@——» Rule based
Knowledge based
\* Intentional
Actions N
Routine
Violation Situational

Exceptional

Un-intentional

Memory failure
Actions

Human
Failure

Personally optimising
Sabotage

Fig. 1. Classification of human failures (RSSB)
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(2 7PHE o= 9ol 45 FeA7 Aeldo] A8
w2} ZAsickn #ekEw, Cause-Consequence Analysis,
MORT(Management Oversight and Risk Tree), HAZOP
(Hazard and Operability), Change Analysis 59| 7|HE%E
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RAIT(Railway Accident Investigation Tool)-2 H1& A}
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2.2 UXHEM Fof UXHR BEHIIE

19793 Three Mile Island %A}z, 198613 =1l
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AR E 19800 NP A2 Rolg FHoR
AA o7l #3 Ayt A dgdse] gk 914 &
FE AAH R FHslL djshe Hoes dy ¢kl
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2.2.1 K-HPES

HPES(Human Performance Enhancement System)-2 {1
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INPO(Institute of Nuclear Power Operations)ollX x1-& 7}
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2.2.2 HPIP

HPIP(Human Performance Investigation Process)$] &
A FAEAE 2A] A HPESoF FAREA|RE, d#e] &
A7} SORTM (Stimulus, Operation, Response, Team
performance, Management)2}1. 2] £ e A&
7} Alz=glof) o)3)) A YHrh= Ho] HPES9he] F=ezl 2}
o|t{16].

b BAR7E Q1 9 Fel S AT o, ozl
AFEo of E= oho R T driEA fe ZE

S 3 5 A =l Slrk olHE AAl= 4] A
Ao BXeg Zole o F2% <

HPIPE & /A 5o HPEP(Human Performance
Evaluation Process)@= ®3 02 upy gl #AAel &
Ape} WS Wol| gepA|A] FUL 1F .79 Alel
b FEEo| o] ZeEArH1T]

A 7o) AJNEC] FEARAe] AP (fitness for
duty), A2Y7|EisE, AF A B #HE E4, =7 R
A, o7 34 5 11719 2 E(cause module) 2 F-H-=]0]
a1, 7 Q) mEvir} 24 AA(direct causes)¥} F2] 4]

(programmatic causes)E©] AF FHOT Fol4 thef

2
@ Z9e waglel Leisel 912 st 4 ek

2.3 T8 Z2OF AN R EXJIE

2l AAl(closed system)Q) AAH T AL D] G
A28l A AAl(open system)ZH= Hell A Hx Al xE]
7 o fAfsith wizel] ohx AFE At #o] A Folo
A olRol AT ATEL V1A NG T ok

2.3.1 HFACS

HFACS(Human Factors Analysis and Classification
System)- Reason[4]©] A}ar <1337 & (accident causation
mode) & 7|Hto 2 wiEo(7 EFAAZ Shappell &
Wiegmann(18]el] ©J3l - okl 233 Felz wHaolsl
Aek, g Ropol @AEA] e YA golge] Bol

2oja tE FoplAx o] AAE 8838t ARgata Utk

Organizational
Influences
T t 1
R Oreanizati Oroamizational
Management Climate Process
Unsafe
Supervision
T Y u
Inadequate Im‘;‘;;:";‘i‘m Failure to Supervisory
Supervision Operations Correct Problem Violations
Preconditions for
Unsafe Acts

Condition of Crew Resource Personal
endition o :| Management Readiness
Operators

Adverse Physical/
Adverse Physiological Mental
Mental States States Limitations
Unsafe
Acts

Skill-based | | Decision { | Perceptual . .
Errors Errors Errors Routine Exceptional

Fig. 3. HFACS Structure

Environmental
Factors
Physical
Environment

Personnel
Factors

Technological
Environment

Bee] AAxD

Bobddt si9(unsafe acts), EQHAFH
BoPHd ZHE(unsafe

(preconditions for unsafe acts), &
supervision), Z%}%¢1 9J 3K organisational influences)<] 4
7HA A (tiery s TFESIAL 2 AFS vl 2 7 HEE
(category) 2, Zt WF5 THA| of2] 7He] 3¢ HF(sub-
category) 2 23T KFig. 3). &, AL 27 Pl
Aslel a0 AR e Jee 710 ARl Bl 3
Aok 27, Yels A9, 229 NAg B T2
X gelhan) oFsh A5 29 WA AAHCE

oFt % 9k

2.3.2 TRACEr

Shorrock & Kirwan[19]e] 23] 7dd WHo <14
2579 94 gei(external error mode)FE A7He] A KA
Al w2 WA 2 F¥ei(internal error mode) 2t 4]
&4 wl)7]1]Z&(psychological error mechanism)7}4] 2] &
BES AAH R Aggozn 14 o7l sl 4Al2st
Mo zlo] gle FME rFsstA st T Abde] A
ol JFE AE vhgek A2 2(PSFs; Performance
Shaping Factors)E-5 He|ae]d = #|gshd, 2As oF
£ 27(detection) 313l B Hrecovery) s A9 gk
A& A3k HPIP9F o] Q17kas} oke] Hwrbrt of
W AREE offR] oAl BAS & F s K EA 5F

T(decision flowchart)Z A|&3te] Foll HEo| Aelz
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2.4.1 TapRooT®

TapRooT®:= 94| 2278 HPIPE] ko] 3101515 Paradies
<} Unger7} 713k ZE- ol -4(root cause analysis) 7|5
o HAA A dapet 7 DAl ARgShE =]
HPIP$} f-AF5HE 1990 220 & TapRooT®9] niwd
o] MEOH T, I o]FF o 77HESh tdsh Holof
A8 APE T3 AL R HAHTI Hoe /WA
Zikele] stk WA, A W9, &, 83 T TR
okl 83 gIrH20].

TapRooT®¢] 44 5 sh7} A1 274l digh AE
(SnapCharTTM) & 74 02 ggsh= 2191, E49 A
SARE dR] AEE TE7] AEsle] 2k 9AE AR

e} (&40 2 AES B Uitk vk SH-S 1
g 4 gl AAIEE AolEFA Al(Root Cause Tree®)E A
T3t FoiR Aol ooz Heljzby g s 2
S T U= ke oA HPIPS| A58 J= 2tn
o, Rl g AN viES F7] 9 Jlol=

(Corrective Action HelperTM)Z 53 <l(root cause) ¥
2 AAE =] At wek vl d sAoAs Ho)
3He 7I(SMARTER) S Alg-dte] 7l o]ar g3baolr

A% PP gl B2 IR B
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CREAM(Cognitive Reliability and Error Analysis
Method)= Hollnagel[21]o] &13) 78 A 24) 17k
2] & 2A(Human Reliability Analysis) 7|%% sz A}

LS $13 F¥(predictive) 22 AR = a1, A}

Il
A 3 EHL 93 BA(retrospective) O ZE AMEE
PN
T

PAF A OFE FHT o CREAMAAE B4 P
24483 FlE dubs A8k Q AE(common performance

A B, AZE7IA AEHo]x,

(@]
S
=
123
g
=
z
o
M
&
v
L

CIREEORI=RE! MH10H H1E 20074 11

2Ada A 9 AE, AR FBE 5 97 FE ol
HAHPEAE goldte] 279 ooz Aol w2 A
=9 digt IEE det.

CREAMY|M 9] EFAAE 4 Q4 259 94 )
(external manifestation)o]] 3]@3l= 3 & (phenotype)z}
EE3 o] Aol sfidasls F4d A3 (genotype) & TE8H=
o] #383L 87}%|(timing, duration, force, distance, speed,
direction, object, sequence)® EFHTE FHAEL WA
AleKperson) - WHE F7A18, 7]%(technology) T
A8, ZZ|(organisation) & FAAE Q] Al 7R R R
=3, 7R oAl 3R] QIR AFC ' vtk

CREAMOI| A= A AWt th2 2RAAIES 2ol <
B8 gl o] njg] HallA YA ¥ ARl
A3 A contex©] W0l wheh ASLET TF 73]
NFAAZE v

olgfgt QUX|A]~El-EEcognitive systems engineering)
d-gste AR BAl el m B A
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] =
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Baha $EAUE B0l TFrahAL, Q7HEe Rolel A
¥ W
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STEP(Sequentially Timed and Events Plotting)-
Hendrick & Benner[22]9]] ¢]a) 7jgkel xle 2p4d 7oz
Fig. 49} o] Abus} ¥AlE FARK B8 A es 4
olati, 7k FAsh BE oMEZ A7t MY WL

2, ollE 7h9) QlTUAS BMHES BHI £F 47}
o]

o] olulEn}t} STEP cardE 2HAdsh=d] 3¢ 4, 3¢ W
&, AR ASAIZE B A, B A4 3 E4 Y
ARE 7|25}

STEP-S- tle] Fal|go] s Baksh Alar) o2 A
ANEJEAE o Foll gt + ws gxdsk] whizel
718AL A, 95 5 oksk FAlgolabat AidEE
A ool Aggh 7otk

Event C
Actor 1

Time 15:10 !
Action P :
: i [ et
f it Outcome
1 Time 1603

AﬂTWﬂQ | NG

Event A

“Actor 1
Actor 1 i pine 1500

Action N

Event B
Actor 1
Time 1505
Action O

Actor 2

Bl Buost B

Actor 3 | Acbor 3 Betor 3
: Time 1515 Tune 16,00
: onts ey

15:00 15:15 16:00

Fig. 4. STEP Matrix Example
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HFIT(Human Factors Investigation Tool)-2 ¢§<+¢] 3
& A g 7k ASlelA Ak Ak Q1A QQ1s &
ARZ] Sl & 2ol REsolzl WRESR 7|Ee] Al )1
Hl(accident causation)oll B3 o|2ET 18719] tiF Al
A7 EaA)Alincident reporting system)e] ¥4-8 E3
ML= ATH23].

Fig. 5% HFIT®] T7to] B Alal Q133 Z3os
71&0 Hyd= de dAg Q1 O{FE BT (recovery)
sk WAIE Tt gk o] T JFAH R o] FoA]
™ Alal(accident) 7} o obx}Alel|(near miss)E EvbA H
ok Fig. 5ol wk=2 g3@9 ul 714 5 242 oE 719
Q2 (elements) 52 FAE T, ZF QAEL UhA] o] 79
AF- GE(items)EE TdEo] ©R9) el B 2, oF
o] B4t #Aol chgt Mgk £4lo] 7Fsslth

- e =
Direciion of causation
THREATS
Procedures. SITUATION ACTION ERROR
Work Preparation AWARENESS Omission
Job Factors e Timing
Person Factors Altantion Sequence
Competence & Training Detection and Quality
Communication Perception .
Team Work H Memory | . Selection - ACCIDENT
MY A ommunication
Supervision Interpretation errors
Organisationalf Safety Culture Decision Making Rule Violations
Work Environment Assumption
Human-Machine Interface Respanse Exscution

Teols and Equipment

v

ERROR RECOVERY *
I Behavioural Response and Detection Cues ["’ NEAR MISS

. Direction of analysis
«
Fig. 5. HFIT model of incident causation
2.5 AMOE BAIIHSO PN 2
ol A= 7 3

2 e Aejd glolth WAl Ala = Fefe] A2E
sjelsle 2% WA, Alie) A% - HUNES B
S WA, S eAle] B4 Z29E EdE Al 2 o
A& EEst AL BAE 919t o giAe ek 2
B oA, v eo g SR oy gide] 1 44e A%
Moz pelshs W= B ofFolrink AF QRAR
REg)e] tie BAE TFHA Al BARNE Sdelnal

2o 20 QHLF A RS B
29l BH/IEE sk Uol Yasleh Table 2= T
A Bl A AT gl B4 8ae) 24 v
M2 webslojo} I AFES BFeL 7t WG D)ol
AT W BAVEES sk (2 1 BAE B
9 AR A oRe] BAln guid awe TP
A ) i dee] Agel tig BAe 1isA o

S ool wsks olilErt 932 MA £
9= e AAopen system)o] i, Bk} o) vzl
FACI AL AL, AR, S, AR $)7E AR A

2do|mg WS Alnsl BAE tdet FAES ezt
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R
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M 94 25t AgAe) ed deeplug 14
2 AAE 9Pk 2¢i(violation)Ql A7 Wk webA
{2l 95 f9i(error) wHF ofuz} 11 B A} vl
A FEsiAdt dRs W 9 9o 3 2 A9
AAH oz F4E 5 Jlojof Ptk

@ H% Akl Y A 20l Aels HEs) ]
Ael| A4 Sl Aol P& A 5 = I (human)

224, A(task) 84, A13HE(work environment) 84, %

hd i}

A %|(organizational) 84~ 5 TR AR QAES ¥4

5 Q=% so} Bk ol SlaM Q1A Q.Fe] WAl B
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Table 1. 9] AdAIS

SRR R=2F M0 M1¥ 2007H 13

AH 9 F A A & A o A
* A9 2w FEE YA R * A F EAS AF AAA A W E
+ A Polel sigste thd dlaas ZﬂoT * ATEE Y BAVHES AZFE vAE
RSSBE] B4/ | « A5 wAsks 94 @R A8, SPAD D)9 oF | st A8 olele
o] F2 21912 A (workload, fatigue $)ol tajA+= HE
o Y =78 AT
© 24 27)d L2EClS ERHOE TG © 1E 279 A AJAAA ZHol A nH
RAIB9] 24718 | « B4 Hzlo| T 229 review meetingo] T3 A FE
* Abae] B4 me) vk EAVHES 28
o ZAFE 7Nky 24 T o AF Az 2 gl s 2 ARE 2] o
RAIT » W2 (barriers)o] ek AAH 242 Y *
+ Z2 % (organizational) 2AE9| JETFG EA
» JEL R BAES A st A dx} AF © ARG A8 e Aol nE
o A 2" (YR ZHY AbsE, A A4 B d H?_KV1olatlon) fﬁH e W
K-HPES / CAS-HPES| * 241& &2 404l 7ks © B AETPE A e E R Al
o A3 JAEAGA 2y s]ukek J1H R EFAA A7ty e =
« F7F B 9 e BY =7ES AT
HPIP / HPEP c ohE FHe) AAeAE S AT FEARA AT © 959 8 B ARAA LRl digt zey| v
c 249 BAEE Fo)7] A% YAAHEEE AT
« AlnQHad RRE4]E 7)ER § BEAA * AH o5 A LA Ze) YA T3t
HFACS « OF F9FE 2AH 2A7AS AFAAE AAH A &
7 gog + s
+ ol33l7) e Gkl folE F2 AS
» Hde AAH A e AAE L A HL] A o AZEFE WAL &Y AleH WAUE
TRACEr © B9 BUEE Zoly] % AANAYIEE AT (PEM )& AA7] ofee
» DA Q. Fol B A(detection) F E-Ji(recovery) I
ek 4 E29
* BHIAAA REE gHAHOT FE © R R % AAA A o et vEE
TapRooT® o ZEAA e AR wp slel= B 5k J1E AT | o A084 FESC] §A o A& F
s 7 BAE %’45?} ok B4 E7EE AT Ao E9HF
s 3HEA T YA Y #7174 Al « AR B EE olslslr] olEE
CREAM .+ Qx| e (contextual/ﬂexnble) o1z « Ex Bolo] Hgdteld UAQAES £F o
Behafof g
STEP * o] AR e AE BAsked g9y c oplE FEAE W 29 P 27 st
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