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Assessment of Taiwan Railway
Taiwan ~ Occurrences Investigations Using
7S, = .
mssezeuszns Causal Factor Analysis System and
T—m——_— Bayesian Network Modeling
Method

Yannian Lee / TTSB
Date : Dec. 15-16, 2022

3-1 B 1 H

o REGH AL > —TH © Safety vs. Administrative Investigation ~ Methodology: CFAS

and BN -~ Case Study: TR 6432 accident °

Tawan =

TEE—
OUTLINE axsuzsassas

Safety vs. Administrative Investigation
Methodology: CFAS and BN
Case Study: TR 6432 accident

32 HE 2 H

4



o NEREHZZHEBTEERE ZEZR > TRAENT A A LUBEE R HY -

Safety vs. administrative investigation AN

EFEEEEAREAY
Tusraporuton Sty Board

Safety Investigation Administrative Investigation

Leaal basi Transportation Oociurences variows laws, crders and rules
e Investigation Act

lvestigate by  independent agency (TTSB) supervisery authorities concerned

I. find causal factors and prevent 1. find causal factors and prevent
Ohjectives aceident recurrence aceident recurrence

2. issue safely recomumendations 2. apportion blane or lisbility
Slapes on scene/factual/analysisfindings oo scene/mterview/analysis'conclusions
Personal data  de-identification may be used for prosecution purposes
Publish report  yes usually no

Wote. Criminal related accidents are investigated by judicial investigation agencies.
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2019.08.01
TTSB

2018.10.21
TR 6432

1998.05.25
ASC
Establishment
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® Data

1. TTSB railway occurrence investigation reports

2. Tawan Ralways TR6432 nvestigation report by special task force

® Tools

1. TISB Causal Factors Analysis System (CEAS)

2. Bayesian Network Software: Netica 6,087 64 bat for MS Windows 7 to [0
® CFAS coding and BN nodes probabilities

1. Cauzal factors coding of cconrrence investigation reports by single rater

L]

. se historical data for the prior probabilities of BN top nodes

3. Determine the probabilities in the BN CPTs for all intermediate nodes by
domain experts’ experiences and judgement
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'CFAS Framework

Organizational influence
pafLe cauie huve besr, o placa ia minkmin
problurrs with e oat coviohT
HFACS terminobigy and egqaivalent CFAS terminobogy” wmﬂ*&:ﬂ’b_ﬂ“
Vpwnd o4 ity o problinys il Do opradred
L |
HFACS terminology | CFAS terminology =
-
_— . . . L3 =
Organizational infliences Organizational influences B
£ Local Conditions 3
Lindale superesion Rk conhmals E e EL =] "-"'h"; l':-l:l
= =
. . (=) =l
Preconditions for unsafe acts  Local conditions L =
L2
N . -
Unsafe acts Inclivicdiml actions | Technical ¢what Indiidual Tﬁh"'“:n::"" -4
evenls ACSONS inCreased  [how did the squipment =
walaly fighT) ]
® Freme Bralustion ofihe Husmn Paciom Analyci end Chasification Sysiem s u predictive
medel, AR-SNEHGE Austraban Transpor Sadcty Bercan, 206
=* Frenc Safkiy lvestigation (uideincs Mususl - Analyss, Wemion 106, 2801, Aotk CFAS Framework™
Transporistios Safety Bercan
= o Yo
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Infloences Mmagemen Climse Process parent modes
] Flamed | -
Insdequme Failed o Supervisany clilld nodes
Pisk Contrs Supervsion | | I';l::,""]l::: Comet Pmem| | Viclitions | parent modes
Plyysical A E
Errviiciesan | P Plrysiological Stries
Adbverse Meniel | | Crew Resoiiice | | Pemosad || ] chikd nodes
Lol Condiom wfru":tn ;::w;r:::- Rediness | | parent nudes
Techicnl : Plysscal’ Memal
Errvirciment Lamitations
odiviehual Acions | Drechion || Skill-Bmed Pescephnal Rousie || Excepioml || Tocmia | hild wades
Tecluical Fsiy Froors Frime Emors Viclitios || Vidation Fuark parent nodes
Uaunmenes -
—— Demilmene Fire | | SPADY | Oithers consequences
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BN based model of derailment LN
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12 Use lustoncal data as the prior probabilities of top nodes
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o NEEEER/EH Bayesian Network modeling 1& [FI#EHIFHE - B ERSE
A Er KREZEER T > 93 FI By © resource management (83.4%)— inadequate supervision
(75.1%)—technical environment (80.6%)—skill-based errors (80.7%)—Derailment °

'Posterior probability analysis o
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" Salaty Boarrl

Turcemiran

® Sei target node to be LO0% to obtain postenior probabilities of all nodes

® Causation chain of causal factors with highest relationship to derailment: “resource management
(B3.4%0)” < “inadequate supervision (75.1%)” < “technical environment (80.6%0)™ =¥ “skill-based
errors (30, 7%)" = Derailment
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Sensitivity analysis —

-1"“’55.'.;_'.':;
® When occured independemtly, “skill-based emors”, “excepticnal violations™ and “techoical
environment” are the top 3 largest probabilities of causal factors contributed to derailment (75.9%%,
6%.3%, 6%9.8%).

® Predicted probabilities of derailinent is 80.7% based on the posterior probability analysis.

e BT TT I . .
[ | — | Probatdbty of derallinent iz 80.7% |
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Case study: TR 6432 accident --:,,,:,n:?f
® Causation network of safety investigation resulis
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Case study: TR 6432 accident L.
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® Set “resource mansgement”, “organizational climate”, “organizational process
and “plysieal envivomment™ as “Yes” for assessment.

e = S =
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[ Owrsbeast |
- kel | Predicted protabiity of demilment is 77.8%
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‘Case study: TR 6432 accident rreT—
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® Causation network of administrative investigation results
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‘Case study: TR 6432 accident ,.%%
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® Set “resource management”, “organizational climate™ and “organizational pmces‘éwgﬂ. s
“inadequate supervision”, “planned mappropriate operations”, “failed to correct problem™
and “plysical environment” as “Yes” for assessiment.

s

.,
T e ., ~

— Y ‘.{ e
1—| Predicted probability of derallment s 66.7% |
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Conclusions N
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1. CFAS coding results show that findings of adimimistrative mvestigation is closely tied
to errors of front line personnel; Safety investigation can identify not only individual
errors but also causal factors of orgamzational mfluences.

2. Posterior probahbilities analvsis identified the causation chain of causal factors with
highest relationship to deraillment are: resource management = inadequate
SUPErVISIon = techmical enviromment = skill-based ervors = Dermlment

Sensitivity analvsis results show that “skill-based errors™ has the largest impact on
tram dermlment (75.9%), Predicted probabilities of dersibment 1 80.7% based on the
posterior probability analysis results.

Lad

4. Based on the simulation results of TIRG6432 caze study, predicted probability of
derailment is 66.7% of admmistrative mvestigation and 77.8% of safety mvestigation.

5. The proposed methodology can identify differences between administrative
mvestigation and safety mvestigation. As a resulf, safety recommendations
(countermeasures) can be issned effectively.
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