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Abstract

Even if the focus on risk management is increasing in our society, major accidents resulting in several fatalities seem to be unavoidable
in some industries. Since the consequences of such major accidents are unacceptable, a thorough investigation of the accidents should be
performed in order to learn from what has happened, and prevent future accidents.

During the last decades, a number of methods for accident investigation have been developed. Each of these methods has different areas of
application and different qualities and deficiencies. A combination of several methods ought to be used in a comprehensive investigation of a
complex accident.

This paper gives a brief description of a selection of some important, recognised, and commonly used methods for investigation of accidents.
Further, the selected methods are compared according to important characteristics.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Even if the frequency is low, major accidents seem to
be unavoidable in some low-frequency, high consequence
industries. The process industry accidents at Longford
[1] and on the Piper Alpha platform[2], the loss of the
space-shuttles Challenger[3] and Colombia[4], the high
speed craft Sleipner-accident[5], and the railway accidents
at Ladbroke Grove[6] and Åsta[7] are all tragic examples
on major accidents in different industries. The consequences
of such major accidents are not accepted in our society,
therefore major accidents should be investigated in order
to prevent them from reoccurring (called organisational
learning by[8]). This is also in accordance with the evolu-
tionary strategy for risk management (one out of three main
strategies) described by[9].1

E-mail address:Snorre.Sklet@sintef.no (S. Sklet).
1 [9] described the following three strategies for risk management:

• The empirical strategy, which is related to occupational safety (frequent,
but small-scale accidents), and safety is typically controlled empirically
from epidemiological studies of past accidents.

• The evolutionary strategy, where protection against medium size, in-
frequent accidents evolve from design improvements in response to
analysis of the individual, latest major accidents.

• The analytical strategy, where protection against very rare and un-
acceptable accidents must be based on reliable, predictive models of
accident processes and probability of occurrences (probabilistic risk/
safety analysis.

The accident investigation process is described somewhat
different by different authors. DOE[10] divides the process
in three (partially overlapping) main phases: (i) collection
of evidence and facts; (ii) analysis of evidence and facts and
development of conclusions; and (iii) development of judge-
ments and need and writing the report. Other authors, like
Kjellén [11], also include the implementation and follow-up
of recommendations as part of the investigation. The focus
in this paper is on phase (ii), more specifically on methods
available for analysis of evidence and facts helpful for de-
velopment of conclusions.

CCPS[12] describes three main purposes of techniques
for accident investigation. The first purpose is to organise
information about the accident once evidence has been col-
lected. The second is to help in describing accident causa-
tion and developing hypothesis for further examination by
experts, and the last is to help with the assessment of pro-
posed corrective actions. In addition, the analytical tech-
niques may also ensure that the results are transparent and
verifiable.

During the last decades, a number of methods for acci-
dent investigation have been developed and described in the
literature. Authors like Johnson[13], Handrick and Benner
[14], Groeneweg[15] and Svensson[16] have developed
and described their own investigation method, while CCPS
[10], DOE [12] and[17] have reviewed and described sev-
eral methods. In addition, a lot of companies and authorities
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in different countries have developed their own manuals for
investigation of accidents.

Each of these methods has different areas of application
and different qualities and deficiencies. Therefore, a com-
bination of several methods ought to be used in a compre-
hensive investigation of a complex accident. There are two
main objectives of the paper. The first objective is to give a
brief description of some important, recognised, and com-
monly used methods for investigation of accidents, and the
second is to compare and discuss these methods according
to some characteristics.

The accident investigation process is briefly introduced
in this section. The next section outlines the characteristics
which the different methods for accident investigation are
compared according to. Further, a brief description of the
selected methods is given, and the methods are compared
according to the described characteristics. In the last section
the discussion is concluded.

2. Framework for comparison of accident
investigation methods

Within the field of accident investigation, there is no
common agreement of definitions of concepts, but tend
to be a little confusion of ideas. Especially the notion of
cause has been discussed in the literature. While some in-
vestigators focus on causal factors[18], others focus on
determining factors[19], contributing factors[1], active
failures and latent conditions[20], or safety problems[14].
Kletz [21] recommends avoiding the word cause in acci-
dent investigations and rather talk about what might have
prevented the accident. Despite different accident investi-
gators may use different terms, frameworks and methods
during the investigation process, their conclusions about
what happened, why it happened and what may be done
in order to prevent future accidents ought to be the same.
Use of formal methods for investigation of major acci-
dents may support the investigators during the investigation
process and in the presentation of results and recommen-
dations. Further in this section, some important charac-
teristics of these methods are considered. The selected
methods will be compared to these properties later in the
paper.

Regardless of the purpose of an accident investigation,
any conclusion should be based on a complete understanding
of the events leading to the accident. Whether the methods
give a graphical description of the event sequence or not is
the first characteristic discussed. A graphical description of
the accident sequence may be useful during the investigation
process because it gives an easy understandable overview
of the events leading to the accident and the relation be-
tween different events. Further, it facilitates communication
among the investigators and the informants and makes
it easy to identify eventually “missing links” or lack of
information.

An important principle for prevention of major accidents
is the principle of defence-in-depth[20,22,23](also denoted
as multiple safety barriers or multiple layers of protection).
Analysis of major accidents should therefore include an anal-
ysis of how safety barriers influenced the accident. To what
degree the methods focus on safety barriers is therefore the
second feature compared.

The level of scope of the different analysis methods
(from the work and technological system to the Government
level) is the third attribute discussed due to the arguments
presented by Rasmussen[9] who states that all actors
or decision-makers influencing the normal work process
might also influence accident scenarios, either directly or
indirectly. This complexity should also be reflected in ac-
cident investigations. The selected methods are compared
according to a classification of the socio-technical system
involved in the control of safety (or hazardous processes)
[9], comprising the following levels:

1. The work and technological system.
2. The staff level.
3. The management level.
4. The company level.
5. The regulators and associations level.
6. The Government level.

The next characteristic considered, is what kind of acci-
dent models that have influenced the method. This charac-
teristic is assessed because the investigators’ mental models
of the accident influence their view of accident causation.
The following accident models are used (further description
of the models is given by Kjellén[11]):

A. Causal-sequence model.
B. Process model.
C. Energy model.
D. Logical tree model.
E. SHE-management models.

Whether the different methods are inductive, deductive,
morphological or non-system-oriented is also discussed. The
deductive approach involves reasoning from the general to
the specific, the inductive approach means reasoning from
individual cases to a general conclusion, while the morpho-
logical approach is based on the structure of the system be-
ing studied.

Further, the different investigation methods are cate-
gorised as primary or secondary methods. Primary methods
are stand-alone techniques, while secondary methods pro-
vide special input as supplement to other methods.

The last attribute discussed, is the need for education and
training in order to use the methods. The terms “Expert”,
“Specialist” and “Novice” are used. Expert indicates that
formal education and training are required before people are
able to use the methods in a proper way. Novice indicates that
people are able to use the methods after an introduction to the
methods without hands-on training or experience. Specialist
is somewhere between expert and novice.



S. Sklet / Journal of Hazardous Materials 111 (2004) 29–37 31

3. Methods for accident investigation

A number of methods for accident investigation have been
developed, with their own strengths and weaknesses. Some
methods of great importance are selected for further exami-
nation in this paper. The selection of methods is based on the
following selection criteria: The methods should be widely
used in practice, well acknowledged, described in the liter-
ature and some of the methods should be relatively recently
developed. Based on these criteria, the following methods
were selected for comparison:

• Events and causal factors charting and analysis.
• Barrier analysis.
• Change analysis.
• Root cause analysis.
• Fault tree analysis.
• Influence diagram.
• Event tree analysis.
• Management and Oversight Risk Tree (MORT).
• Systematic Cause Analysis Technique (SCAT).
• Sequential Timed Events Plotting (STEP).
• Man, Technology and Organisation (MTO)-analysis.
• The Accident Evolution and Barrier Function (AEB)-

method.
• TRIPOD.
• Acci-Map.

3.1. Events and causal factors charting (ECFC) and
events and causal factors analysis

Events and causal factors charting[10] is a graphical dis-
play of the accident’s chronology, and is used primarily for
compiling and organising evidence to portray the sequence
of the accident’s events. The events and causal factors chart
consists of the primary events sequence, secondary events
sequences and conditions influencing the events.

The primary sequence of events that led to an accident
is drawn horizontally, chronologically, from left to right in
the diagram. Secondary events are then added to the events
and causal factors chart, inserted where appropriate in a line
above the primary sequence line. Events are active and are
stated using one noun and one active verb. Conditions that
affect either the primary or secondary events are then placed
above or below these events. Conditions are passive and
describe states or circumstances rather than occurrences or
events.

Events and causal factors analysis is the application of
analysis to determine causal factors by identifying signifi-
cant events and conditions that led to the accident. As the
results from other analytical techniques are completed, they
are incorporated into the events and causal factors chart.
“Assumed” events and conditions may also be incorporated
in the chart.

The events and causal factors chart are used to determine
the causal factors of an accident, as illustrated inFig. 1.

Causal factor

Causal factor

Condition

Condition

Event EventEventEvent

How did the
conditions originate?

Why did the system
allow the conditions
to exist?

Why did this event
happen?

Ask questions to
determine causal
factors (why, how,

what, and who)

Event chain

Fig. 1. Events and causal factors analysis[10].

This process is an important first step in later determining
the root causes of an accident. Events and causal factors
analysis requires deductive reasoning to determine which
events and/or conditions that contributed to the accident.

3.2. Barrier analysis

Barrier analysis[10] is used to identify hazards associated
with an accident and the barriers that should have been in
place to prevent it.

A barrier is any means used to control, prevent, or im-
pede the hazard from reaching the target. Two main types
of barriers are described: physical barriers and management
barriers. To analyse management barriers, investigators may
need to obtain information about barriers at three organisa-
tional levels responsible for the work: the activity, facility
and institutional levels.

The barrier analysis addresses:

• Barriers that were in place and how they performed.
• Barriers that were in place but not used.
• Barriers that were not in place but were required.
• The barrier(s) that, if present or strengthened, would pre-

vent the same or similar accidents from occurring in the
future.

The basic steps in a barrier analysis are:

1. Identify the hazard and the target.
2. Identify each barrier.
3. Identify how the barrier performed.
4. Identify and consider probable causes for the barrier fail-

ure.
5. Evaluate the consequences of the failure in this accident.

3.3. Change analysis

Change analysis[10] examines planned or unplanned
changes that caused undesired outcomes. Change is any-
thing that disturbs the “balance” of a system operating as
planned. Changes are often the sources of deviations in sys-
tem operations. In an accident investigation, this technique
is used to examine an accident by analysing the difference
between what has occurred before or was expected and the
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actual sequence of events. The investigator performing the
change analysis identifies specific differences between the
accident–free situation and the accident scenario. These dif-
ferences are evaluated to determine whether the differences
caused or contributed to the accident.

3.4. Root cause analysis

DOE [10] describes Root cause analysis as any analysis
that identifies underlying deficiencies in a safety manage-
ment system that, if corrected, would prevent the same and
similar accidents from occurring. Root cause analysis is a
systematic process that uses the facts and results from the
core analytic techniques to determine the most important
reasons for the accident. While the core analytic techniques
should provide answers to questions regarding what, when,
where, who, and how, Root cause analysis should resolve the
question why. Root cause analysis requires a certain amount
of judgement.

A rather exhaustive list of causal factors must be devel-
oped prior to the application of root cause analysis to ensure
that final root causes are accurate and comprehensive. One
method for Root cause analysis described by DOE is TIER-
diagramming. TIER-diagramming is used to identify both
the root causes of an accident and the level of line manage-
ment that has the responsibility and authority to correct the
accident’s causal factors.

3.5. Fault tree analysis

Fault tree analysis is a method for determining the causes
of an accident (or top event)[24]. The fault tree is a graphic
model that displays the various combinations of normal
events by use of logic gates, equipment failures, human er-
rors, and environmental factors that can result in an acci-
dent. A fault tree analysis may be qualitative, quantitative,
or both. Possible results from the analysis may be a listing of
the possible combinations of environmental factors, human
errors, normal events and component failures that may re-
sult in a critical event in the system and the probability that
the critical event will occur during a specified time interval.

The strengths of the fault tree, as a qualitative tool are its
ability to break down an accident into root causes.

3.6. Influence diagram

Influence diagram may also be used to analyse the hierar-
chy of root causes of system failures: management decisions,
human errors, and component failures (seeFig. 2) [25].

First, the elements (basic events and the dependencies
among them) of the accident sequence (notedEi) are system-
atically identified. The “failure path” or accident sequence
in the Piper Alpha accident included: (1) initiating events;
(2) intermediate developments and direct consequences of
these initiating events; (3) final systems’ states; and (4) con-
sequences (i.e., the losses of the accident).

Ok

Aij

Ei

Organizational
level

Decisions and
actions level

Basic events
(component failures
and operator errors)

Effects
on component reliability

Decisions in
specific cases

Meta decisions
Process, procedures,

structure, culture

Fig. 2. Hierarchy of root causes of system failures[25].

Second, for each of these basic events, the human deci-
sions and actions (notedAij) influencing these basic events
are identified and classified in meaningful categories (in the
case of Piper Alpha, these categories were: (i) design de-
cisions; (ii) production and expansion decisions; (iii) per-
sonnel management; and (iv) inspection, maintenance, and
correction of detected problems).

The third step is to relate the decisions, human errors,
and questionable judgements that contribute to the acci-
dent to a certain number of basic organisational factors.
These factors may be rooted in the characteristics of the
company, the industry or even the government authori-
ties.

Both the basic events (accident scenario), the decisions
and actions influencing these basic events, the basic organ-
isational factors, and the dependencies among them, are il-
lustrated in an influence diagram.

3.7. Event tree analysis

An event tree is used to analyse event sequences follow-
ing after an initiating event[26]. The event sequence is in-
fluenced by either success or failure of numerous barriers or
safety functions/systems. The event sequence leads to a set
of possible consequences. The consequences may be con-
sidered as acceptable or unacceptable. The event sequence
is illustrated graphically where each safety system is mod-
elled for two states, operation and failure.

An Event tree analysis is primarily a proactive risk analy-
sis method used to identify possible event sequences, but the
event tree may also be used to identify and illustrate event
sequences and to obtain a qualitative and quantitative rep-
resentation and assessment. In an accident investigation we
may illustrate the accident path as one of the possible event
sequences.

3.8. MORT

MORT [13] provides a systematic method (analytic tree)
for planning, organising, and conduction a comprehensive
accident investigation. Through MORT analysis, investi-
gators identify deficiencies in specific control factors and
in management system factors. These factors are eval-
uated and analysed to identify the causal factors of the
accident.
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Fig. 3. The ILCI Loss Causation Model[27].

Basically, MORT is a graphical checklist in which con-
tains generic questions that investigators attempt to answer
using available factual data. This enables investigators to fo-
cus on potential key causal factors.

3.9. Systematic Cause Analysis Technique (SCAT)

The International Loss Control Institute (ILCI) developed
SCAT [12] for the support of occupational incident investi-
gation. The ILCI Loss Causation Model[27] is the frame-
work for the SCAT system (seeFig. 3).

The Systematic Cause Analysis Technique is a tool to
aid an investigation and evaluation of accidents through the
application of SCAT chart. The chart acts as a checklist to
ensure that an investigation has looked at all facets of an
accident. There are five blocks on a SCAT chart. Each block
corresponds to a block of the Loss Causation Models.

3.10. Sequential Timed Events Plotting (STEP)

The STEP-method[14] proposes a systematic process for
accident investigation based on multi-linear sequences of
events and a process view of the accident phenomena. STEP
builds on four concepts:

1. Neither the accident nor its investigation is a single linear
sequence of events. Rather, several activities take place
at the same time.

2. The event Building Block format for data is used to de-
velop the accident description in a worksheet. A building
block describes one event, i.e., one actor performing one
action.

3. Events flow logically during a process. Arrows in the
STEP worksheet illustrate the flow.

4. Both productive and accident processes are similar and
can be understood using similar investigation procedures.
They both involve actors and actions, and both are capa-
ble of being repeated once they are understood.

A STEP-worksheet provides a systematic way to organ-
ise the building blocks into a comprehensive, multi-linear
description of the accident process. The STEP worksheet is
simply a matrix, with one row for each actor and events (an
action performed by an actor) along a horizontally timescale.
Arrows are used to link tested relationships among events in

the accident sequence. The STEP methodology also includes
a recommended method for identification of safety problems
and development of safety recommendations. Safety prob-
lems are marked with diamonds in the STEP worksheet.

3.11. MTO-analysis

The basis for the MTO-analysis is that human, organisa-
tional, and technical factors should be focused equally in
an accident investigation[28,29].2 The method is based on
Human Performance Enhancement System (HPES) which
is not described further in this paper.

The MTO-analysis is based on three methods:

1. Structured analysis by use of an event- and cause-
diagrams.

2. Change analysis by describing how events have deviated
from earlier events or common practice.

3. Barrier analysis by identifying technological and admin-
istrative barriers in which have failed or are missing.

Fig. 4 illustrates the MTO-analysis worksheet. The first
step in an MTO-analysis is to develop the event sequence
longitudinally and illustrate the event sequence in a block
diagram. The next step is to identify possible technical and
human causes of each event and draw these vertically to
each event in the diagram. Further, analyse which techni-
cal, human or organisational barriers that have failed or
was missing during the accident progress and illustrate all
missing or failed barriers below the events in the diagram.
Assess which deviations or changes in which differ the ac-
cident progress from the normal situation. These changes
are also illustrated in the diagram (seeFig. 4).

A checklist for identification of failure causes is also
part of the MTO-methodology[29]. The checklist con-
tains the following factors: Work organisation, Work
practice, Management of work, Change procedures, Er-
gonomic/deficiencies in the technology, Communication,
Instructions/procedures, Education/competence, and Work
environment. For each of these failure causes, there is a
detailed checklist for basic or fundamental causes.

2 The MTO-analysis has been widely used in the Norwegian offshore
industry recently, but it has been difficult to obtain a comprehensive
description of the method.
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Fig. 4. MTO-analysis worksheet.

3.12. Accident Evolution and Barrier Function (AEB)
method

The Accident Evolution and Barrier Function (AEB)[16]
model provides a method for analysis of incidents and acci-
dents that models the evolution towards an incident–accident
as a series of interactions between human and technical sys-
tems. The interaction consists of failures, malfunctions or
errors that could lead to or have resulted in an accident. The
method forces analysts to integrate human and technical sys-
tems simultaneously when performing an accident analysis
starting with the simple flow chart technique of the method.

The flow chart initially consists of empty boxes in two
parallel columns, one for the human systems and one for the
technical systems. During the analysis these error boxes are
identified as the failures, malfunctions or errors that consti-
tute the accident evolution. In general, the sequence of er-
ror boxes in the diagram follows the time order of events.
Between each pair of successive error boxes there is a pos-
sibility to arrest the evolution towards an incident/accident.
Barrier function systems (e.g., computer programs) that are
activated can arrest the evolution through effective barrier
functions (e.g., the computer making an incorrect human in-
tervention modelled in the next error box impossible through
blocking a control).

3.13. TRIPOD Beta

The idea behind TRIPOD[15] is that organisational fail-
ures are the main factors in accident causation. These factors

Accident
Failed controls

or defences
Latent

failure(s)
Precondition(s)

Active
failure(s)

Fig. 6. TRIPOD Beta Accident Causation Model.

Hazard

Accident/
event

Victim or
target

Failed control

Failed defence

Fig. 5. “Accident mechanism” according to HEMP.

are more “latent” and, when contributing to an accident, are
always followed by a number of technical and human errors.

The TRIPOD Beta-tool is a computer-based instrument
that provides the user with a tree-like overview of the acci-
dent that is investigated. It is a menu driven tool that will
guide the investigator through the process of making an elec-
tronic representation of the accident.

The BETA-tool merges two different models, the Haz-
ard and Effects Management Process (HEMP) model and
the TRIPOD model. The merge has resulted in an incident
causation model that differs conceptually from the original
TRIPOD model. The HEMP model is presented inFig. 5.

The TRIPOD Beta accident causation model is presented
in Fig. 6. The latent failures are related to 11 defined Basic
Risk Factors (BRF). This string is used to identify the causes
that lead to the breaching of the controls and defences pre-
sented in the HEMP model.

Although the model presented inFig. 6looks like the orig-
inal TRIPOD model[31], its components and assumptions
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are different. In the Beta-model the defences and controls are
directly linked to unsafe acts, preconditions and latent fail-
ures. Unsafe acts describe how the barriers were breached
and the latent failures why the barriers were breached.

3.14. Acci-map

Rasmussen and Svedung[30] described a recently de-
veloped methodology for proactive risk management in a
dynamic society. The methodology is not a pure accident
investigation tool, but a description of some aspects of their
methodology is included because it gives some interesting
and useful perspectives on risk management and accident
investigation not apparent in the other methods.

They call attention to the fact that many nested levels
of decision-making are involved in risk management and
regulatory rule making to control hazardous processes. Low
risk operation depends on proper co-ordination of decision
making at all levels.

4. Comparison and discussion

The methods briefly described above are compared ac-
cording to the following characteristics (described in an ear-
lier section):

• Whether the methods give a graphical description of the
event sequence or not?

• To what degree the methods focus on safety barriers?
• The level of scope of the analysis.
• What kind of accident models that has influenced the

methods?
• Whether the different methods are inductive, deductive,

morphological or non-system-oriented?
• Whether the different methods are primary or secondary

methods?

Table 1
Characteristics of different accident investigation methods

Method Accident
sequence

Focus on
safety barriers

Levels of
analysis

Accident
model

Primary/secondary Analytical approach Training need

Events and causal factors charting Yes No 1–4 B Primary Non-system oriented Novice
Events and causal factors analysis Yes Yes 1–4 B Secondary Non-system oriented Specialist
Barrier analysis No Yes 1–2 C Secondary Non-system oriented Novice
Change analysis No No 1–4 B Secondary Non-system oriented Novice
Root cause analysis No No 1–4 A Secondary Non-system oriented Specialist
Fault tree analysis No Yes 1–2 D Primary/Secondary Deductive Expert
Influence diagram No Yes 1–6 B/E Secondary Non-system oriented Specialist
Event Tree analysis No Yes 1–3 D Primary/Secondary Inductive Specialist
MORT No Yes 2–4 D/E Secondary Deductive Expert
SCAT No No 1–4 A/E Secondary Non-system oriented Specialist
STEP Yes No 1–6 B Primary Non-system oriented Novice
MTO-analysis Yes Yes 1–4 B Primary Non-system oriented Specialist/expert
AEB-method No Yes 1–3 B Secondary Morpho-logical Specialist
TRIPOD Yes Yes 1–4 A Primary Non-system oriented Specialist
Acci-Map No Yes 1–6 A/B/D/E Primary Deductive & inductive Expert

• The need for education and training in order to use the
methods.

A summary of this comparison is shown inTable 1.
The first characteristic is whether the methods give a

graphical description of the event sequence or not. The meth-
ods ECFC, STEP and MTO-analysis all give a graphical il-
lustration of the whole accident scenario. By use of ECFC
and MTO-analysis, the events are drawn along a single hori-
zontal axis, while the STEP diagram in addition includes the
different actors along a vertical axis. My subjective opinion
is that STEP gives the best overview of the event sequence.
This method makes it easy to illustrate simultaneous events
and the different relationships between events (one-to-one,
one-to-many, many-to-one and many-to-many). The “single
axis” approach used by ECFC and MTO-analysis is not able
to illustrate these complex relationships that may lead to
major accidents, as well as STEP.

The graphical illustrations used by ECFC and MTO-
analysis also include conditions that influenced the event se-
quence and causal factors that lead to the accident. In STEP,
safety problems are illustrated only by triangles or diamonds
and are analysed separately. A strength of the MTO-analysis
is that both the results from the change analysis and the
barrier analysis are illustrated in the graphical diagram.

Some of the other methods also include graphical sym-
bols as part of the method, but none of them illustrate
the total accident scenario. The fault tree analysis uses
predefined symbols in order to visualise the causes of an
initiating event, while the event tree uses graphical anno-
tation to illustrate possible event sequences following after
an initiating event influenced by the success or failure of
different safety systems or barriers. Dependencies between
different events in the accident scenario are illustrated in the
influence diagram. The AEB method illustrates the different
human and technical failures or malfunctions leading to an
accident (but not the total event sequence). The TRIPOD
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Beta illustrates graphically a target (e.g., worker), a hazard
(e.g., hot pipework) and the event (e.g., worker gets burned)
in addition to the failed or missing defences caused by ac-
tive failures, preconditions and latent failures (BRF) (“event
trios”).

Several of the methods focus on safety barriers. First of
all, the only purpose of barrier analysis is analysis of safety
barriers. The results from the barrier analysis may also be
included in the Events and Causal Factor Analysis as causal
factors. The fault tree analysis is suitable for analysis of fail-
ures of barriers, while the Event tree analysis may be used
to analyse the effect of failure or success of different safety
barriers. Failure or loss of safety barriers may be illustrated
directly in an influence diagram. In a STEP-analysis, miss-
ing, or failures of barriers may be illustrated as safety prob-
lems and investigated further in separate analyses. Analyses
of barriers are separate parts of both MTO-analysis and the
AEB-method. Both failed and functioning barriers are illus-
trated in the schemes. TRIPOD Beta used the term defence,
and identification and analysis of missing defences is a vital
part of the tool. An assessment of whether barriers are less
than adequate (LTA) is also a part of MORT. Acci-Map does
not focus directly on safety barriers, but indirectly through
the effects of decisions made by decision-makers at all lev-
els of the socio-technical system.

Concerning the scope of the methods, it seems as the
scope of most of the methods is limited to Level 1 (the work
and technological system) to Level 4 (the company level) of
the socio-technical system involved in the control of safety
(or hazardous processes). Although STEP was originally
developed to cover Level 1–4, experience from SINTEF’s
accident investigations show that the method also may be
used to analyse events influenced by the regulators and the
Government. In addition to STEP, only influence diagram
and Acci-Map put focus on Level 5 and 6. This means that
investigators focusing on the Government and the regulators
in their accident investigation to a great extend need to base
their analysis on experience and practical judgement, more
than on results from formal analytical methods.

The investigation methods are influenced by different ac-
cident models. Both the Root cause analysis, SCAT and
TRIPOD are based on causal-sequence models. Events and
causal charting and analysis, change analysis, STEP, MTO-
analysis, and the AEB-method are all based on process
models. The barrier analysis is based on the energy model,
while fault tree analysis, Event tree analysis and MORT are
based on logical tree models. MORT and SCAT are also
based on SHE-management models. The influence diagram
is based on a combination of a process model and a SHE-
management model, while the Acci-map is based on a com-
bination of a causal-sequence model, a process model, a
logical tree model, and a SHE-management model.

There is also made an assessment whether the methods are
a primary method or a secondary method. Primary methods
are stand-alone techniques, while secondary methods pro-
vide special input as supplement to other methods. Events

and Causal Factors Charting and Analysis, STEP, MTO-
analysis, TRIPOD and Acci-map are all primary methods.
The fault tree analysis and Event tree analysis might be both
primary and secondary methods. The other methods are sec-
ondary methods that might give valuable input to the other
investigation methods.

The different methods may have a deductive, inductive,
morphological, or non-system oriented approach. Fault tree
analysis and MORT are deductive methods while event three
analysis is an inductive method. Acci-map might be both
inductive and deductive. The AEB-method is characterised
as morphological, while the other methods are non-system
oriented.

The last characteristic assessed, is the need of educa-
tion and training in order to use the methods. The terms
“Expert”, “Specialist” and “Novice” are used in the table.
Fault tree analysis, MORT and Acci-map enter into the
“expert”-category. ECFC, barrier analysis, change analysis
and STEP enter into the category “novice”. “Specialist” is
somewhere between “expert” and “novice”, and Events and
Causal Factors Analysis, Root cause analysis, Event tree
analysis, SCAT, MTO-analysis, AEB-method and TRIPOD
enter into this category.

5. Conclusion

Seen from a safety scientist’s view, the aim of accident
investigations should be to identify the event sequences and
all (causal) factors influencing the accident scenario in or-
der to be able to suggest risk reducing measures suitable for
prevention of future accidents. Experience from accidents
shows that major accidents almost never result from one sin-
gle cause, but most accidents involve multiple, interrelated,
causal factors. All actors or decision-makers influencing the
normal work process might also influence accident scenar-
ios, either directly or indirectly. This complexity should be
reflected in the accident investigation process, and there may
be need for analytical techniques to support the investigators
to structure information and focus on the most important
features.

Several methods for accident investigation have been de-
veloped during the last decades. Each of the methods has
different areas of application and qualities and deficiencies,
such that a combination of methods ought to be used in a
comprehensive investigation of a complex accident. A selec-
tion of methods is described in this paper and the methods
are compared according to some characteristics. This com-
parison is summarised inTable 1.

Some of the methods may be used to visualise the ac-
cident sequence, and are useful during the investigation
process because it provides an effective visual aid that sum-
marises key information and provide a structured method
for collecting, organising and integrating collected evidence
to facilitate communication among the investigators. Graph-
ical illustrations also help identifying information gaps.
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Most of the examined methods include an analysis of
safety barriers, but it seems that most of the methods are lim-
ited to focus on Level 1 (the work and technological system)
to Level 4 (the company level) of the socio-technical system
involved in the control of safety (or hazardous processes).
This means that investigators focusing on the Government
and the regulators in their accident investigation to a great
extend need to base their analysis on experience and practi-
cal judgement, more than on results from formal analytical
methods.

During the investigation process, different methods might
be used in order to analyse arising problem areas. Among
a multi-disciplinary investigation team, there should be at
least one member having good knowledge about the different
accident investigation methods, being able to choose the
proper methods for analysing the different problems. Just
like the technicians have to choose the right tool on order
to repair a technical system, an accident investigator has to
choose proper methods analysing different problem areas.

References

[1] A. Hopkins, Lessons from Longford, CCH Australia Limited, Aus-
tralia, 2000, ISBN 1 86468 422 4.

[2] Cullen, The Public Inquiry into the Piper Alpha Disaster, HMSO
Publication, United Kingdom, 1990, ISBN 0 10 113102.

[3] D. Vaughan, The Challenger Launch Decision: Risky Technology,
Culture and Deviance at NASA, University of Chicago Press, London,
1996.

[4] NASA, 2003, http://www.nasa.gov/columbia/.
[5] NOU, Hurtigbåten MS Sleipners forlis 26 November 1999, Justis-

departementet, vol. 31, 2000.
[6] Cullen, The Ladbroke Grove Rail Inquiry: Report, Part 1, HSE

Books, United Kingdom, 2001, ISBN 0 7176 2056 5.
[7] NOU, Åsta-ulykken, vol. 30, Justisdepartementet, 4 Januar 2000.
[8] A. Hale, Introduction: the goals of event analysis, in: A. Hale,

B. Wilpert, M. Freitag (Eds.), After The Event From Accident to
Organizational Learning, Pergamon Press, 1997, ISBN 0 08 0430740.

[9] J. Rasmussen, Risk management in a dynamic society: a modelling
problem, Safety Sci. 27 (2–3) (1997) 183–213.

[10] DOE, Conducting Accident Investigations, DOE Workbook, Revi-
sion 2, US Department of Energy, Washington, DC, USA, 1 May
1999.

[11] U. Kjellén, Prevention of Accidents Thorough Experience Feedback,
Taylor & Francis, London, UK, 2000, ISBN 0-7484-0925-4.

[12] CCPS, Guidelines for Investigating Chemical Process Incidents, Cen-
ter for Chemical Process Safety of the American Institute of Chem-
ical Engineers, 1992, ISBN 0-8169-0555-X.

[13] W.G. Johnson, MORT Safety Assurance Systems, Marcel Dekker,
New York, USA, 1980.

[14] K. Hendrick, L. Benner Jr., Investigating Accidents with STEP,
Marcel Dekker, New York, 1987, ISBN 0-8247-7510-4.

[15] J. Groeneweg, Controlling the controllable, The Management of
Safety, 4th ed., DSWO Press, Leiden University, The Netherlands,
1998.

[16] O. Svensson, Accident Analysis and Barrier Function (AEB)
Method—Manual for Incident Analysis, ISSN 1104-1374, SKI Re-
port 00:6, Sweden, 2000.

[17] A.D. Livingston, G. Jackson, K. Priestley, Root Causes Analysis:
Literature Review, Contract Research Report 325/2001, HSE Books,
2001, ISBN 0 7176 1966 4.

[18] DOE, Implementation Guide For Use With DOE Order 225.1A, Ac-
cident Investigations, DOE G 225.1A-1, Revision 1, US Department
of Energy, Washington, DC, USA, 26 November 1997.

[19] U. Kjellén, T.J. Larsson, Investigating accidents and reducing
risks—a dynamic approach, J. Occup. Accid. 3 (1981) 129–140.

[20] J. Reason, Managing the Risks of Organizational Accidents, Ashgate,
England, 1997, ISBN 1 84014 105 0.

[21] T. Kletz, Learning from Accidents, 3rd ed., Gulf Professional Pub-
lishing, UK, 2001, ISBN 0 7506 4883 X.

[22] IAEA, INSAG-12, Basic Safety Principles for Nuclear Power Plants
75-INSAG-3, Revision 1, IAEA, Vienna, 1999.

[23] CCPS, Layer of Protection Analysis Simplified Process Risk Assess-
ment, Center for Chemical Process Safety, New York, 2001, ISBN
0-8169-0811-7.

[24] A. Høyland, M. Rausand, System reliability Theory: Models and
Statistical Methods, Wiley, New York, 1994, ISBN 0-471-59397-4.

[25] M.E. Paté-Cornell, Learning from the piper alpha accident: a post-
mortem analysis of technical and organizational factors, Risk Anal-
ysis, vol. 13, No. 2, 1993.

[26] A. Villemeur, Reliability, Availability, Maintainability and Safety
Assessment—Methods and Techniques, vol. 1, Chichester, UK, 1991,
ISBN 0 471 93048 2.

[27] F.E. Bird Jr., G.L. Germain, Practical Loss Control Leadership, In-
ternational Loss Control Institute, Georgia, USA, 1985, ISBN 0-
88061-054-9.

[28] C. Rollenhagen, MTO—En Introduktion, Sambandet Människa,
Teknik och Organisation, Studentlitteratur, Lund, Sweden, 1995,
ISBN 91-44-60031-3.

[29] J.P. Bento, MTO-analys av händelsesrapporter, OD-00-2, Oljedirek-
toratet, Stavanger, 1999.

[30] J. Rasmussen, I. Svedung, Proactive Risk Management in a Dynamic
Society, Swedish Rescue Services Agency, 2000, ISBN 91-7253-
084-7.

[31] J. Reason, et al., TRIPOD—A Principled Basis for Accident Pre-
vention, 1988.

http://www.nasa.gov/columbia/

	Comparison of some selected methods for accident investigation
	Introduction
	Framework for comparison of accident investigation methods
	Methods for accident investigation
	Events and causal factors charting (ECFC) and events and causal factors analysis
	Barrier analysis
	Change analysis
	Root cause analysis
	Fault tree analysis
	Influence diagram
	Event tree analysis
	MORT
	Systematic Cause Analysis Technique (SCAT)
	Sequential Timed Events Plotting (STEP)
	MTO-analysis
	Accident Evolution and Barrier Function (AEB) method
	TRIPOD Beta
	Acci-map

	Comparison and discussion
	Conclusion
	References


