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ABSTRACT

In accident analysis, it is essential to understand the causal pathways of the accident. Although numerous accident models
have been developed to help analysts understand how and why an accident occurs, most of them do not include all elements
related to the accident in various fields. Thus analysis of human error accidents in railway operations using these existing
models may be possible, but inevitably incomplete. For a more thorough analysis of the accidents in railway operations, a
more exhaustive model of accident causation is needed. This paper briefly reviews four recent accident causation models,
and proposes a new model that overcomes the limitations of the existing models for the analysis of human error accidents in
railway operations. In addition, the usefulness and comprehensiveness of the proposed model is briefly tested by explaining
12 railway accident cases with the model. The proposed accident causation model is expected to improve understanding of
how and why an accident/incident occurs, and help prevent analysts from missing any important aspect of human error
accidents in railway operations
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analysis), WA¥ 24 (barrier analysis), B3} 291 4]
(change analysis), STEP(Sequentially Timed Events
Plotting) 5°] 213 (Sklet, 2004), thEZAQ! 17 39 #
A7 0 2= A Hoke] HPES (Human Performance
Enhancement System)2} HPIP (Human Performance
Investigation Process), &% FoF9 HFACS(Human
Factors Analysis and Classification System) °] Jth
RAF4t 5, 2007, A 5, 2008).
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(model of organizational accident causation) ¥} Svenson
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Organization Workplace Person

—* Error- ]

Management || producing |— Errors

Defences
decisions
and

—>|
- I
conditions | ]
l—
organizational —|  Violation- |—

Accidents

processes | 4| producing |—»| Violations |—»
|| condions | | —

Latent failure pathway

18 1. Reason's model of organizational accident causation
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#3 ZYA= (sharp—end operators) 2] 2172 @ Fol 4
FE vE Qe A9 21, AT gArET,
zA9 ZRAA T oy A9 WHHE (barriers or
defenses)o] & FUA o Alarp wAysic) = At
o] ZEA YRlo] dF YA Q14 eFep] Hih=
Z2]9] @ (organizational error) 92 “JZ3%t} (Reason,
1997). Reason®] 282 &3 FokelA 7ide HFACSE
HIESM] og] Q1F oF w471H 9] 7271 HaL, 71EY
AL AbES AIAEA T oA ARA s dedE &6
3 ek (Lawton, et al., 2005).

a3, o] BEE v e dAEE 23 ok 1)
@9 Ao ® <914 Ay (human error and violation) Rt
xehata )3, 71&4 A9 (technical failure) 2} 2]%-oll A
2] %9l (external intrusion) 2] WA 3512 b=tk 2)
WA (barriers or defenses) o] 91ghs 73k g1, &
At Qe et Q11 s ¥ (error detection and
recovery) > AtfZ 02 ZrxE x| 9k=r) 3) yrul Fixx
(feedback loop) 7} EAI8FA] Skof odg] we] AFAE L] A}
Z (event chain) = =383}t 4= Qith

Human factors system Technical system Comments
a7 i 2
Time Hurran emor event 1 |¢—| Technical error event 1 | /- F?'""g onf_and possible
barrier functions
PSF l
H2 w2 Per{qnnan:e
Human eror event 2 |—~| Technical ermor event 2 | Shaping factor
]
7
H3 W T3
| Human ermor event 3 |—0| Accident / Incident ]
'i/ Effective barrier function

H4| | T4|

T8l 2. Accident Evolution and Barrier Function (AEB) model
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F A9 WAE 7)5o Q sFelsit}(Svenson,
2001).
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Ae] F A 2R vk A Bk el st
Q17ke] )3 7 (error detection and recovery) % @5
Ao Jeks vE 4 9l F3 2215 (organizational

factors) o Wjgt a2j7} wlEshhs Aol Aotk

SJtH(Kanse & van der Schaaf,
2001). 8L, 9OkiEH O]FZ R AFAEe 3l B
sk 17 Qe tigh Abe] g g 2 wFFo] o
= A% g% 11 (Rizzo et al., 1995; Kontogiannis, 1999;
Sarter & Alexander, 2000; Kanse & van der Schaaf,
2001), #Helle 14 27/ A (detection) ¥ H7
(recovery) ZMgel tist &4 DA 283t 14 27/ &+
271HE0] ALEATHShorrock & Kirwan, 2000; Gordon
et al., 2005; RSSB, 2005). Azt ul-§ #4 & 733t AF
19 230 2= Gordon 59 %¥(Gordon et al., 2005)
7} Kanse®} van der Schaaf? failure compensation
process 58 (Kanse & van der Schaaf, 2000) 5°] Itk

THREATS SITUATION ACTION
Procedures AWARENESS ERROR
Work Freparation Attention Omission
o Job Facg_s - Detection and Timing
mpetence & Training Perception Sequence
Communication Memgnry [ quw [~ ACCIDENT
Team \Work Interpretation Selection
~ Supendsion Decision Making Communication
Organizational/Safety Cliture Assumption BITors
Work Environment Response Execution Rule Viclations
Human-Machine Interface
Tools and Equipment l l
ERROR RECOVERY T
——— |
Behavicral Response and Detection Cues

& 3. HFIT model of incident causation

Gordon 52 B3 (2% 3)2 14 @79 W] 9T
ulE Qe A QAEE AFete] Alae] W oA
7HA] AbE] Q1A A AEE At ke HelA
kx AF3 Reason? B8 FAFSE} 184, Reason
o] 2o o] A|AHl(defenses) H-i Tl ' QF B
(error recovery)' @A F71E 024 F-2H s 484212
T L5 BT AFRLE o]o]A 7] Aol A2 A= 1
E75 okx} Al (near miss) & EUA B8 st 9l
t}. Gordon & &3k o] &S 7IHES R HFIT (Human
Factors Investigation Tool) &= <12 @7 HEA7HS
753 Y (Gordon et al., 2005). HFIT %32 Reason?]
D8y w72 Gy Aoz 13 Ay (error and
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T8 4. Failure compensation process(FCP) model

Failure compensation process(FCP) =& (1¥H 4)2
NA A, 71ed A, 22F AalE 23et A (failure)
Abzde] Ao A F-E] HASE AU E v|E] AAlE o] AlA
gl = Abgro] 2HA] (detection), A8 (explanation), 27

(correction) 3= A3 A (failure compensation) 23},
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4) Arae] A FAgelA Thest 274 W R
(feedback loop), & E<FH3H “43 (unsafe situation) ¢4
ChA] Af 22 5] ARdo] Aeh= 73-9-9} o8- (responses)
Al o] Asjr lal] A22] EFES 3] AlEE AT

H 1. AlIEM 2 dHlm
Models Reason's AEB HFIT FCP Proposed
Components model model model model model
Human failures O O O O O
Occurrences Technical failures X O X O O
(adverse events)
External intrusions X X X X O
Protective systems (barriers) O O X O @)
Responses -
Human responses A A O O O
Outcome (accident/incident/near miss) O O @) @) O
Workplace & Organizational factors O JAN O AN O
Feedback loop (event chain) X O X O O
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=7 | NS— HF - US1 - HR(25) - US2 - El —
US3 — HR(A ) — Ac

EelgAel grrofe] g AUSFE

NS — {PS(HA)—El} — US — HR(A3) —
Ac

713Ake] AFER1A Qe odt dAtgE

NS — HF — US1 — EI - US2 —» HR (A3]) —
Ac

REE e S|
3 Axsl A B

AH2 | AEE

A3 | FE

24 vl 9

A4 | FE
NS — HF1 —- US1 - HF2 - US2 — El —
US3 — HR(A ) — Ac
M AAES ATy Ml e 9
o 507 3 3%

AR5 | AR

NS — HF1 — US1 — HF2 — US2 — HF3 —
US3 - El - US4 - HR(A9) — Ac

W] w4 0 S s el w
Kool of3t Qe

NS —» TF1 — US1 — HR1 (%) — US2 —
HR2(2.5%) - US3 - TF2 — Ac
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H 2 Mt Alugrd 2F HE AWAS)

279 A mAA sk AT 14 nlE
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NS — HF1 — US1 — HF2 —» US2 — HF3 —
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AuAgAe] A seledde] shae] oe
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NS — TF — US1 - HR(2+) - US2 - El —

US3 — HR/PS (A=) — Ac

P P I R e R gy
- ol & = 1

el i%q/ g% dAEE ¢ g ;
=% | NS— TF - US1 — El - US2 — HR (A ) —
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HFAlE A g B AR/ 718

AEl0| 2= | GFAER A% AR dAsE

NS - TF — US — {HR—PS (&9} — Ac

AR 79 9@ A £EE A 24

NS — TF — US — HR(A#))) — Ac

ojglo]e] A= Ho R gt FFAMY

NS — {PS(HFA)—EI} — US — HR(AH) —
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ARl | e

AbeElll| g

AE12

# 2% 12709 Aba bS] AbaL A4S 39elA Al
éj_' /\]'J—l%}‘g E'_aé—% /\}--8—‘8]—0:] ZH:fLAoq?:Sl' @ﬂr% ;g]‘j/]":ﬂ' 7}_10]
o} 7 Abele] eAUE duiss 2w Al 48 9 AL
o] Higk ekl o2 9 7)%stelth ek Abanda
w8 (13 5)9 87K FHLAES o
Az ek

¢ NS: Normal Situation

e HF: Human Failure

¢ TF: Technical Failure
¢ EI : External Intrusion
e US: Unsafe Situation

e HR: Human Response
* PS: Protective System
¢ Ac: Accident/Incident

% 2004 A2 FHE AlaL A9 e A AAE9] Al
(state or situation) ¢} 217+ == t}2 42 3¢ (action
or event) 7} Wzol 7h vEptE & = itk Akare] A9
= 3 A% AFINS) oA Al el AFSE AL
52 55 oz} Alel (near miss)'7} obd 'Akal(accident
or incident)'ell dgsl7] wlEe] 2% o) (response)
g, & Bkt g3l oish QIzke] dl-e(HR) % o] A
2819 g-5-(PS) o] AFiste] Afae] Wy (Ac) &2 EdTt.
At ARl 71Ed A3HTE)'S A8 Ao E fA RS
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