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How can Causal Analysis Contribute to this How can Causal Analysis Contribute to this 
Learning Process?Learning Process?
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A cause A cause isis an an elementelement out of a out of a setset of of causescauses, , eacheach of of whichwhich isis
necessarynecessary and and whichwhich togethertogether areare sufficientsufficient forfor thethe accidentaccident to to 
occuroccur..

ErrorsErrors are defined to be deviations from the norm.are defined to be deviations from the norm.
To communicate errors, the norm To communicate errors, the norm –– or a normative model or a normative model –– must must 
be agreed upon.be agreed upon.

CausesCauses ≠≠ ErrorsErrors
A cause A cause maymay bebe an an errorerror, , oror maymay not.not.

An An errorerror maymay bebe a cause, a cause, oror maymay not.not.
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Normative Normative modelingmodeling

The normative model must encompass all relevant The normative model must encompass all relevant 
scenarios and contingencies.scenarios and contingencies.

Establishing a normative model is the most Establishing a normative model is the most 
challenging task.challenging task.

Modeling “language”: Modeling “language”: Decision Event TreesDecision Event Trees..

Based on Probabilistic Risk Assessment.Based on Probabilistic Risk Assessment.



ExampleExample -- thethe SettingSetting

TheThe operatoroperator of a of a coalcoal--firedfired powerpower
stationstation is confronted with the is confronted with the 
following symptomfollowing symptom::

Rising level in one of the tanks in the Rising level in one of the tanks in the 
high pressure high pressure preheaterpreheater



HypothesesHypotheses

H1H1 Small leak in a Small leak in a feedwaterfeedwater pipepipe..
AA--prioripriori--ProbabilityProbability: 5%.: 5%.

H2H2 SpindleSpindle breakagebreakage..
AA--prioripriori--ProbabilityProbability : 95%.: 95%.



ConsequencesConsequences

Without countermeasures a leak results in a Without countermeasures a leak results in a 
considerably reduced efficiency of the plant.considerably reduced efficiency of the plant.

A breakage results in a minor reduction of efficiency.A breakage results in a minor reduction of efficiency.

In both cases the severity can be reduced by In both cases the severity can be reduced by 
appropriate countermeasures.appropriate countermeasures.

The operator may choose to wait and see and he The operator may choose to wait and see and he 
possibly may miss the right time for possibly may miss the right time for 
countermeasures.countermeasures.

TheThe test test isis knownknown to to bebe erroneouserroneous withwith a 20% a 20% 
probabilityprobability



TheThe LeakLeak ScenarioScenario
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AlternativesAlternatives

A0A0 Immediate Immediate countermeasurescountermeasures aimingaiming at a at a leakleak..

A1A1 LeakLeak diagnosisdiagnosis and and defermentdeferment of of decisiondecision..

A2A2 CountermeasuresCountermeasures followingfollowing a positive test a positive test 
resultresult..

A3A3 No No countermeasurescountermeasures eveneven ifif thethe test test resultresult isis
positive.positive.
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TheThe LeakLeak ScenarioScenario
WrongWrong decisiondecision causescauses good good resultresult
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TheThe LeakLeak ScenarioScenario
Right Right decisiondecision causescauses bad bad resultresult
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spitespite of an of an existingexisting leakleak
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Causes and ErrorsCauses and Errors

CausalCausal analysisanalysis withwith respectrespect to a to a certaincertain predeprede--
finedfined scenarioscenario ((oror an an accidentaccident as as itit happenedhappened) ) 
maymay revealreveal causescauses butbut notnot errorserrors..

To To identifyidentify errorserrors wewe havehave to to taketake contingenciescontingencies
intointo accountaccount. And . And wewe needneed a normative a normative modelmodel of of 
decisiondecision makingmaking..

To To learnlearn fromfrom thethe errorserrors wewe havehave to to looklook forfor thethe
technicaltechnical, , psychologicalpsychological, and , and sociologicalsociological rootroot
causescauses..
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Undesired EventUndesired Event
(Accident)(Accident)

Immediate CausesImmediate Causes

ErrorsErrorsNormalcyNormalcy

Root CausesRoot Causes

Inconspicuous Inconspicuous 
consequencesconsequences

level 1level 1

level 2level 2
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1 Analysis of Immediate Causes 1 Analysis of Immediate Causes –– The Logic of CausalityThe Logic of Causality

Technical blow by blowTechnical blow by blow
The chain of eventsThe chain of events

2 Detection of Errors 2 Detection of Errors –– Analysis Based on Normative ModelingAnalysis Based on Normative Modeling
Problems of normative modelingProblems of normative modeling
•• Overlooking organizational factorsOverlooking organizational factors
•• Subjectivity of classification and causal attributionSubjectivity of classification and causal attribution
•• OversimplificationOversimplification
•• Lack of knowledgeLack of knowledge

3 Root Cause Analysis 3 Root Cause Analysis –– Learning through GeneralizationLearning through Generalization
Use of Taxonomies in the technical, psychological and sociologicUse of Taxonomies in the technical, psychological and sociological fieldsal fields
•• Poor implementation of technical activities (superficial safety Poor implementation of technical activities (superficial safety efforts, efforts, 

ineffective risk control, ...) ineffective risk control, ...) 
•• Deficiency in the safety culture (complacency, ignoring warning Deficiency in the safety culture (complacency, ignoring warning signs, signs, 

overrelyingoverrelying on redundancy, ...)on redundancy, ...)
•• Ineffective organizational structure (diffused responsibility, lIneffective organizational structure (diffused responsibility, low status of ow status of 

safety personnel, limited communication channels, ...)safety personnel, limited communication channels, ...)



ConclusionConclusion

Maximum learning from errors through causal Maximum learning from errors through causal 
analysisanalysis

•• Detection of errorsDetection of errors

•• Deeper understanding of errorsDeeper understanding of errors

•• Revelation of basic error mechanisms (root Revelation of basic error mechanisms (root 
causes)causes)

•• Avoidance of errors of greater classes: Avoidance of errors of greater classes: 
generalizationgeneralization


