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Preface

The Noordwijk Risk Initiative was founded to promote sharing of knowledge in
the field of risk management. Based on the belief that a virtuous circle exists
between making tools and developing theoretical understanding, the
Foundation develops tools for risk management and maintains them in the
public domain.

Purpose of this document

The Noordwijk Risk Initiative Foundation has produced this document to
encourage the efficient and effective investigation of incidents. It is intended
for line managers and supervisors as well as specialists in various disciplines
such as occupational safety, environmental protection and quality
management.

The NRI Foundation intends to maintain this manual in the public domain. Our
motivations are:

1. to help decision-makers identify from unwanted events the lessons
they need to learn;

2. to provide a reference point for investigators, tool developers,
researchers and students.

Structure of this document

Within this manual 3CA is explained in three complementary ways. First, the
ideas and conventions are introduced. Second, with the novice user in mind,
3CA is described as a set of procedural steps. Third, to support the more
experienced 3CA user, summary instructions for 3CA are provided in a single-
page aide memoire.

Status of this edition

3CA was originally developed as an adjunct a co-operative project run in 2000
by Humber Chemical Focus and the UK Health & Safety Executive. The 3CA
method is based on Energy Trace and Barrier Analysis (Frei et al. 2002*) but,
whereas ETBA uses “unwanted energy transfers” as the focus for analysis,
3CA uses “unwanted change”.

3CA was produced to provide supervisors and line managers with an easy-to-
learn, easy-to-apply method for identifying the underlying causes of accidents
and incidents. Trials at the Acordis site at Stallingborough, UK, confirmed that
the method was usable and effective. In 2002, the first edition of the manual

was published in partnership with Humber Chemical Focus.

In this new (second) edition of the manual, the headings have been changed
to simplify use and encourage the analyst to consider underlying causes.

Acknowledgements

Many people have contributed and reviewed this manual. The authors would
like to extend particular thanks to: Dr Celeste Jacinto (University of Lisbon,
Portugal); Dr Rudolf Frei (Noordwijk Risk Initiative Foundation); Dr Mark
Cooper (European Institute of Health Studies, Surrey University).

! Frei, R., Kingston, J., Koornneef, F., and Schallier, P. (2002), “NRI MORT User's Manual”. Ref. NRI-1
(2002), Pub. Noordwijk Risk Initiative Foundation, The Netherlands. www.nri.eu.com/NRI1.pdf
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Control Change Cause Analysis

1 Introduction

Control Change Cause Analysis — 3CA — is designed to help investigators
structure their inquiries into the underlying cause of incidents and to make it
easy for others to review their reasoning. This manual provides an explanation
of the 3CA method and a description of the process.

An incident or accident happens as part of a continuous flow of changes. From
this complex whole, the 3CA analyst selects facts by using various tests of
relevance to the incident or accident. The analyst sets out these facts in a
worksheet to form explanations and sets of questions. The result of the
analysis is a concise description of the incident — seen in terms of changes and
limitations in the control of changes — and a set of questions that the
investigator needs to fill gaps in the description.

2 Description of Control Change Cause Analysis

The analyst can begin the 3CA process as soon as they have the basic facts
about what happened. It is best to start early because the analysis is likely to
raise questions. In most investigations, the 3CA analysis will be revisited one
or more times; as new facts emerge, the analyst can answer the questions
posed earlier. These answers sometimes trigger new questions.

In 3CA, the analyst treats accidents and incidents as a sequence of events in
which unwanted changes occur. This sequence begins with the moment that
reduces control and ends with the moment that restores control. Some of the
events in the sequence are “significant” in the sense that they increase risks or
reduce control in the situation, so allow further unwanted changes to occur.
The first job for the 3CA analyst is to identify these significant events.

With the set of significant events established, the analyst identifies what
measures could have prevented them or limited their effects. To ensure the
thoroughness of this identification, the analyst describes each significant event
in terms that make explicit who/what is acting, the action and who/what is
acted upon. In this way, the analyst scrutinises all the elements of unwanted
change from the point of view of prevention.

The analyst has to identify in what ways prevention was ineffective. In the first
part of the analysis the focus is on tangible barriers and controls, those at the
operational level. Next, the analyst restates the facts as differences between
what was expected (based on norms such as standards and procedures) and
what was true in the actual situation. The differences between the actual and
expected situations provide the agenda for the rest of the analysis. The
investigator seeks to account for these in terms of the reasoning used by
people responsible for the barriers and controls, the systems and management
arrangements that caused or allowed the difference to exist, and the
organisational and cultural factors that influenced the situation.
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2.1 Sequence of the analysis

The analysis runs in parallel with other investigative efforts; after the initial
3CA analysis, you will likely make one or more revisions as further enquiries
yield new insights and, in some cases, new questions. The initial 3CA analysis
is performed in two parts in the sequence described below and indicated in
Table 1.

In the first part, you complete column 1 (the significant events) before
completing column 2 (the barriers and controls). You finish the first part of the
analysis by setting priorities in column 3; these priorities decide the sequence
for the second part of the analysis. In the second part of the analysis, you
complete columns 4 and 5 for one significant event at a time

(@) 2 (©) (@) The difference between the observed and
Safety Difference expected behaviour is because...
Significant | Barriers | Priority between 5
EVENTS | & Work for situation in (5a) S
. S mlr s (5b) Organisational
Controls | analysis | incident and Original
. A Systems & Cultural
expectations logic
. Factors
in (2)

e
\aadl —

Table 1. Schematic showing sequence of analysis

2.2 Begin the analysis: identify significant events

In 3CA, an event is defined as a moment of change. To be significant in 3CA
terms, an event must significantly decrease the control over subsequent
events and/or increase significantly the risk of subsequent unwanted events.

You begin the analysis by identifying a set of significant events from the wider
collection of events that comprise the incident. The outcome of this part of the
3CA process is a list of the events marking important moments of unwanted
change. It is important that you select items for analysis from a full, rather
than a partial set of events. If the picture of what happened and how is
incomplete, you may miss events that warrant inclusion in the analysis. To
ensure completeness, you might consider using an “event sequencing” method
(such as Events and Conditional Factors Analysis (ECFA+, Kingston et al?,
2007 or STEP, Hendrick and Benner?, 1987).

2 Available via internet: ww.nri.eu.com/NRI14.pdf
% Hendrick, K. and Benner, L. (1987), “Investigating accidents with STEP”. Marcel Dekker
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You should keep the 3CA analysis open for review until the investigators have
finished gathering evidence; this will allow you to include additional significant
events as they appear in the emerging picture of facts.

2.3 In column 1, state significant events

When stating significant events, you must always phrase events in a way that
makes it clear:

who or what is acting,
the action itself, and;
what is affected by the action.

When phrasing “events”, you need to:

e use the form actor + action + object, in which the actor can be a
person or a thing;

e use the present tense. This helps to clarify logical relationships and to
exclude passive conditions from column 1;

e use the active voice. This form requires the subject of the sentence to
perform the action. Hence, the passive voice sentence “the injured
person is given first aid by the paramedic”, in the active voice becomes
“the paramedic gives first aid to the injured person”. As Frei et al.
(2007) note, “the active voice makes obvious the identity of the actor.
It also obliges the investigator to acknowledge when they do not know
who or what the actor is”;

e use a transitive verb to describe the action. A transitive verb is one
which requires an object, so you need to specify what is acted-upon.
There can be exceptions to this rule, but transitive verbs should be the
norm;

e use a verb which is concrete rather than abstract. For example, in the
event “Firefighter rescues Mr Brown” it is unclear what actions the
firefighter performed. An informal test of ‘concreteness’ is whether you
can form a mental image of the event described. On this test, the
phrase “Firefighter carries Mr Brown from the room” is preferable to the
previous example.

2.4 In Column 2, identify barriers and controls of the
3CA table

In column 2, you need to identify barriers and controls that could have
prevented the unwanted change or limited its degree. The difference between
barriers and controls is that barriers exist to protect, whereas work controls
exist to facilitate goals of the system. Work controls offer protection from
unwanted change as a by-product. The purpose of this distinction in 3CA is to
prompt you to consider both means of avoiding unwanted change. In some
cases, it will not be clear whether a particular measure is a control or a
barrier: this does not affect the analysis.

In column 2, you need to identify barriers and controls that are required by
explicit standards; standards include written procedures, codes and technical

NRI 3CA Manual 2nd Edition - Draft 2.6.3.doc Page 3



standards. You must also explore the possibility that best practice? requires a
higher level of protection than achieved by these standards. These “could”
barriers and controls need to be identified by a combination of knowledge of
best practices and a ‘first principles’ approach. Concerning first principles, you
can apply the ten phrases (adapted from Haddon, 1973°) below to the nouns
and verbs used to phrase the significant event.

Do not use...

Use less of...

Use safer form of...

Prevent build-up of (or divert)...

Barrier on...

Barrier between...

Separate in time or space.

Use stronger...

Evasion by...

Less people exposed or use less valuable thing...

©OONOGAONRE

=
o

Table 2. Hierarchy of barriers and controls

Later on in the analysis, you will need to decide which barriers and controls it is
reasonable to expect in the situation. Table 3 gives examples of barriers and
controls.

A barrier would be a load-bearing cover on the pit; this protects
Ex. 1: Mr Brown pedestrians like Mr Brown from falling. Another barrier would be to
falls into the exclude pedestrians from the area. A control would be Mr Brown's
inspection pit awareness of where he is walking; this would direct him to his
destination, avoiding traps and obstacles.

A barrier would be a mechanical limitation of the valve to protect it
from forceful closure. A control would be for operators (like Mr Brown)
to put the valve in the right state; this would require them to count the
turns of the valve

Ex. 2: Mr Brown
closes valve no.
129

A barrier would be a lock-out device fitted to the pump to prevent an
Ex.3: Mr Brown  operator using it before an independent check by a supervisor. A
starts portable control would be a "pre-use" checking routine to ensure that the
pump assumptions of safe operation (e.g. ventilation) are met before starting
the pump.

Ex. 4: Mr Brown
signs off permit A control would be the means used by Mr Brown to verify the readiness
for hot work in of the area before signing the permit.

area 1

Table 3. Examples of Barriers and Controls

4 E.g. as defined by the industry or sector in general, or as defined by an application of ALARP (to
reduce risks to a level as low as reasonably practical) principles.

5 Haddon, J. (1973) Energy Damage and the Ten Countermeasure Strategies. Human Factors, 355-366,
August 1973
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2.5 In column 3, prioritise significant events

If the accident or incident is very serious, you might choose to analyse all
significant events. For other incidents, the objectives of the investigation might
be met by focussing attention and investigative resources on only the most
important events; informing this selection is your task in column 3.

What defines importance varies from investigation to investigation. Some
analysts may wish to emphasise the “risk gap” between the actual situation and
one in which the risks were better controlled. Some analysts may which to
highlight ‘learning potential’, choosing events which seem most promising with
respect to identifying lessons to be learned. Whatever basis is used, setting
priorities in column 3 is a subjective process and it is prudent for you to reach
these decisions through consultation with others.

Criteria for assessing importance include:

¢ the size of the change in risk or control created by the significant event;

e the degree of risk reduction achievable if the barrier or control had been
in place;

e the extent to which the barrier or control is relied upon in other
situations;

e the potential for identifying valuable lessons to be learned;

e the extent to which the investigators are surprised by the facts of the
event.

How to grade priority is for you to decide. Options include assigning a rank to all
events, assigning labels such as high, medium and low, etc. Whatever basis you
use, to allow review, you should note down your reasoning.

2.6 In Column 4, state actual and expected
performance

The goal of this step is to create contrasting pairs of statements that make clear
the difference between was expected and what actually happened. At this point
you will need to review the barriers and controls identified in column 2 and
decide which they can adopt legitimately as expectations. This decision is made
transparent in the analysis by stating explicitly the basis for the expectation.
What constitutes a legitimate basis depends on the context; examples include a
procedure, expert opinion of best practice, a published standard, etc. Table 4
contains examples of pairs of “actual vs. expected” statements.

The “contrasting pairs” approach to describing is designed encourage inquiry
into the immediate and underlying causes. This approach removes the need to
use phrases such as “did not...” or “lack of”. Although common parlance, “did
not...” or “lack of” phrases serve poorly as technical language. In particular,
these phrases are judgmental, over-emphasise individual responsibility and
obscure the role of perceptions, systems and culture in shaping behaviour and
creating situations. Using judgemental phrases can close an analyst’s mind,
instead of facilitating inquiry; in 3CA analysis the aim is to explain, not to
explain-away.

ACTUAL: Inspection pit is open and Mr Brown is walking backwards operating

Exarlnple a floor cleaning machine.

EXPECTED: Inspection pit covered when not in use. [BASIS: Company
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Procedure xyz]

ACTUAL: Mr Brown rotates the valve handle until limit of travel.
Example
2 EXPECTED: Number of turns for valve handle specified and operator counts

turns. [BASIS: Industry standard, see Training Notes xyz].
ACTUAL: Mr Brown starts portable pump in unventilated basement

Example  £xpECTED: Portable pump controls locked until ventilation established [BASIS:
3 ALARP argument based on reported fatal accident frequency and cost-benefit
analysis, see dossier xyz]

ACTUAL: Mr Jones tells Mr Brown that the site is ready and Mr Brown signs off

Example the permit for hot work in the area.

4 EXPECTED: Mr Brown personally verifies condition of the site before signing

permit. [BASIS: company Permit-to-Work procedure]

Table 4. Examples of ‘actual—expected’ pairs

2.7 In columns 5(a)-(c), explain why the expected
behaviour is different from the actual

3CA analysis assumes that accidents happen, not because people want them to,
but because of limitations in preventative efforts. The objective of the analysis is
to understand these limitations with a view to informing improvements. To this
end, the focus of the analysis in column 5 is on the difference between the
actual situation (as revealed by the significant events) and a situation in which
all appropriate barriers and controls are present; you should seek to explain why
the difference existed. When the reasons are unknown or unproven, you will
need to phrase questions to follow-up by further enquiries.

The 3CA process will lead you to think about the difference between actual and
the expected in a tightly focussed way. An unwanted effect of this is a tendency
for analysts to record the analysis using incomplete sentences or even just
single words. To permit review by others and to facilitate writing reports, you
must write questions or assertions in column 5 using complete sentences.

2.7.1 In column 5a, explain the original logic in the mind
of the actor at the time in question

In column 5(a), you need to explain the difference between the actual and
expected situations from the standpoint of the individuals involved. Often, the
individuals will be the actors in the accident situation. Sometimes, the relevant
individuals will be managers or designers of procedures or equipment.

The notion of “original logic” relates to the thoughts, motivations and
assumptions accompanying an action. Even if the individual’s action seems ill-
considered, in retrospect, it probably made sense to them at the time. The
questions for you to consider include “why did this action make sense to the
individual before the accident?” and “what led the individual to believe this was
the right way to do the job in this particular instance”? The individual may forget
this "logic"”, or may not want to admit the errors in their reasoning. In either
case, the willing participation of the individual and skilful investigative
interviewing will be needed to elicit “original logic” and to discriminate this from
post-accident alibis and rationalisations.
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2.7.2 In column 5(b), explain why systems allowed or
caused the difference between actual and expected
performance

In column 5(b), you need to explain the gap between actual and expected
behaviour in terms of systems. In this context, the word ‘systems’ refers to any
organised set of activities directed to the measurement and control of behaviour,
whether of people, things or conditions.

Identifying relevant systems is partly subjective; systems are constructs and
people will differ, however slightly, about what a particular system will consist of.
Although systems are abstract in this respect, the activities that achieve the
goals of the systems are more concrete. Accident investigations tend to reveal
that systems’ activities controlled or measured behaviour and conditions less
reliably than their designers envisaged.

You can adopt a normative approach to this part of analysis, meaning you could
create a frame of reference in which to compare the situation in the accident to

a model or standard system. In the literature of management, there exist many
such models, some of these are encoded in published standards (e.g. such as
those of ISO, ANZI etc.). If using a normative approach in 3CA, it is not enough
to identify deviations from the ideal system; deviation is not explanation in itself.
Instead, you need to develop a more detailed description of how the system
allowed (or widened, in some cases) the gap between the behaviour expected
and the actual behaviour in the significant event.

Whether employing a normative system in the analysis, or if working from first
principles, you need to be able to justify your assertions. Every analytical
statement in column 5(b) needs to withstand a test: is it reasonable to expect
the organisation in question to have the capability you are presuming.

A list of generic systems includes (in no particular order):

1. Verification of readiness 11.Design/selection of

2. Housekeeping equipment & buildings

3. Briefings and allocation of 12.Procurement and supply
tasks 13.Risk assessment of tasks,

4. Selection of workers or equipment or area
contractors 14.Procedures & technical

5. Training and assurance of Information
competence 15.Planning

6. Inspection 16.Budgeting

7. Maintenance 17.Monitoring

8. Worker motivation and 18.Change control systems
welfare (especially control of change

9. Co-ordination between to equipment and plant
groups supervisors configuration)
(including shift change-over) 19.Emergency systems

10. Supervision of task, workers 20. Audit and review

and area
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2.7.3 In column 5(c), explain the difference between
actual and expected performance in terms of cultural
factors and organisational issues

In column 5(c), you need to explain the influence of culture and the impact of
organisational issues on behaviour. These factors can sometimes have a
potent effect on behaviour, and accounting for them can contribute greatly to
explaining the accident. Although of explanatory value, the focus of this part
of the analysis is on conditions that are sometimes difficult to evidence and so
present more of a challenge to the investigator.

The phrase 'Organisational issues' refers here to any relevant property of the
organisation other than ‘systems’ (as defined earlier). By way of illustration,
organisational issues include leadership, industrial relations, business
difficulties, ownership, market-value, etc. Because change is often implicated
as a cause of accidents, you need to be especially sensitive to relevant
changes in these conditions.

Culture can be regarded as “patterns of behaviour that act as patterns for
behaviour®”. Culture can also be defined as “the way we do things around
here” and as shared attitudes and history. Cultural factors are likely to be
more stable over time than organisational issues.

® This is paraphrasing Kroeber and Kluckhohn: “Patterns, explicit and implicit, of and for behaviour
acquired and transmitted by symbols, constituting the distinctive achievement of human groups,
including their embodiments in artifacts”. Kroeber, A.L., Kluckhohn, C. (1952). A Critical Review of
Concepts and Definitions. Peabody Museum Papers 47, 1. Cambridge, Mass.: Harvard University Press
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3 Procedure

This procedure is written with the new user in mind: detailed steps are provided together with guidance. Once familiar with this
procedure, the worksheet (appendix 1) alone should be enough to remind you of the key steps.

Task Steps

Description & Criteria

Guidance

Preparation

Study all available information about the
incident

Start the analysis as soon as the facts of what happened
are available.

Be sure to review all steps of the analysis as new facts
emerge, especially if the analysis is started early.

Column (1)

Identify significant events

Review all events. Select those that
significantly increase the risks of accidents
or which decrease control of subsequent
events.

Write down the significant events in column
(1) of the 3CA worksheet. Significant
events MUST be phrased to make it clear
who or what is acting, and how. In general,
the phrase should take the form [Actor] +
[action] + [object].

Complete column (1) before moving on.

(This step is discussed in section 2.1 on page 1)

Review the events comprising the incident or accident.
This step needs care: if you leave out significant events,
the analysis will be incomplete and possibly misleading.

You can support this task using an appropriate
sequencing method (e.g. STEP or ECFA+); a carefully
constructed sequence makes the identification of
significant events more reliable.

NB: For safety and environmental accidents, its is
helpful to identify unwanted energy transfers as these
often prove to be an informative sub-category of
significant event.

NRI 3CA Manual 2nd Edition - Draft 2.6.3.doc

Page 10




Task Steps Description & Criteria Guidance
In column (2) state what protective
barriers and work controls apply to each (This step is discussed in section 2.4 on page)
significant event.
The barriers and controls need to be those that operate
Consider the barriers and controls that directly on the actor, action or object comprising in the
SHOULD have been in place according to significant event. If operational, these barriers or
norms applicable in the context (e.g. a controls would prevent the event limit its degree.
work procedure).
A first principles approach to identifying “could” barriers

Consider barriers and controls that COULD | and controls is to apply the list of ten phrases to each
have stopped or limited the change if they | word used to phrase the significant event in column (1):
had been used. The hierarchy (shown,

Column (2) right) provides a list of guide phrases for 1. Donotuse..

Identify barriers and this purpose. 2. Uselessof..

controls ) ) 3. Use safer form of...
Annotate the list of barriers and controls, 4 Prevent build-up of (or divert)
assigning a letter (e.g. (), (b), (¢)..) to ) )
every unique barrier or control that you S.  Barrieron...
identify. Repeat the letter if the same 6. Barrier between...
barrier or control appears more than once. 7. Separate in time or space.
This part of the analysis may need 8.  Use stronger...
technical knowledge of the accident 9. Evasion by...
context. In any event, once the analysis is 10. Less people or less valuable thing exposed

complete, consider requesting review by
someone with expert knowledge of the
technology or activity in question.
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Task Steps Description & Criteria Guidance
o ) (This step is discussed in section 2.5 on page 5)
In column (3) indicate the importance of
each significant event to your investigation. | The aim here is to decide in which order you will
consider the significant events. Criteria for assessing
If you are setting priorities to deselect importance include:
events from further analysis (e.g. you . L
might drop from further consideration all * the size .Of Fhe change in risk or control created
Column (3) by the significant event;

Prioritise significant

events coded “1” or “low”), you should ask
others to review your decision.

e the degree of risk reduction achievable if the
barrier or control had been in place;

events - . .
Record your decisions in column (3) using e the extent to which the barrier or control is
V\;hateve.r gratgilngt_sch?:me fits th(la conte_xt relied-on in other situations:
\?vo);glsjr((lenge?\igr? Ir(i]ne-dil?r;e)l(svr\]/q)poer’rﬁlsklgk?y e the potential for identifying valuable lessons to be
assigning numbers (e.g. where ‘1’ is the learned; ) ] )
highest priority). ¢ the extent to which the investigators are
surprised by the facts of the event.
In column (4) write pairs of sentences that | Avoid using judgemental words, such as:
make clear the difference between was e ‘lack of
expected and what actually happened. Use hould h
- e ‘shou ave’
Column (4) the form: _
e ‘did not’

State actual and expected
behaviour

[Actual: ] + [ Expected: ] + [Standard: ]

You may need to write more than one pair
of sentences to express all the differences
between what was expected and what
actually happened in the accident.

e ‘poor’, ‘inadequate’ etc.
You need to state clearly a demonstrable standard for
each expectation stated. For example, the basis might
be a published standard, a risk or cost-benefit analysis
or expert opinion of best practice.
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Task Steps

Description & Criteria

Guidance

Column (5a)

Explain the difference
between (expected versus
actual) in terms of
original logic

In column (5a) state why the actors’
behaviour made sense to them at the time.

Identify (or pose questions about) what led
the individual to believe this was the right
way to do the job in this particular
instance.

Be sure to state whose reasoning is the
subject of discussion.

The willing participation of the individual, and skilful
investigative interviewing, is needed to elicit “original
logic” and to discriminate this from post-accident alibis
and rationalisations.

NB. Record your analysis, whether statements or
questions, using complete sentences; you need to be
able to reconstruct your reasoning.

Column (5b)

Explain the difference
between (expected versus
actual) in terms of
‘systems’

In column (5b) state why existing systems
(or those which it is reasonable to expect in
the context) allowed the difference
between expected and actual behaviour.

If any data is missing, you should indicate
this with a “?” and make an entry on your
list of further enquiries.

N.B. All entries in column (5) should be
complete sentences; you need to be able to

reconstruct your reasoning.

In this context, the word systems refers to any
organised set of activities directed to the measurement
and control of behaviour, whether of people, things or
conditions. In 3CA terms, systems exist to minimise the
gap between actual and expected behaviour.

Approach this ad hoc or adopt an external frame of
reference (e.g. a “management” model from published
standard).

Generic systems include: (1) Verifying Readiness;
(2) Housekeeping; (3) Briefings and task allocation;
(4) Personnel selection; (5) Competence Assurance;
(6) Inspection; (7) Maintenance; (8) Motivation;
(9) Co-ordination between groups; (10) Supervision;
(11) Design of Hardware and premises;

(12) Procurement and Supply; (13) Risk Assessment;
(14) Procedures and Technical Information;

(15) Planning; (16) Budgeting; (17) Monitoring;
(18) Change control systems; (19) Emergency
systems; (20) Audit and review.
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Task Steps

Description & Criteria

Guidance

Column (5c¢)

Explain the difference
between (expected versus
actual) in terms of culture
and organisational issues

In column (5c¢) explain the difference
between actual and expected behaviour in
terms of:

(i) Cultural factors (e.g. dominant habits,
attitudes, norms and local expectations);

(ii) Organisational issues (e.g. structure,
leadership, politics, change, business
difficulties, etc.).

Culture can be regarded as “patterns of behaviour that
act as patterns for behaviour”. Culture can also be
defined as “the way we do things around here” and as
shared attitudes and history.

The title 'Organisational issues' refers here to any
relevant property of the organisation. Of particular
relevance are changes (e.g. change of senior personnel,
ownership, market-value, etc).

The aim of this part of the analysis is to understand how
these conditions act as factors of the behaviour
observed in the accident.

Review the analysis

Keep the 3CA analysis open (live) until the
end of the investigation. Ensure that you:

e remove as many “?” from the
worksheet, as the facts emerging from
the investigation allow;

e Identify any additional significant
events from the new facts emerging
from the investigation.

Keep in mind that the “?” that you have entered into the
worksheet are a valuable “deliverable” of the analysis.
The investigation will leave some questions unanswered.
In some cases investigators may need to:

e change the objectives or terms of reference of their
investigation to allow the questions to be pursued;

¢ recommend that separate research is conducted
into the questions;

e accept the uncertainty remaining at the end of an
accident investigation.
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Appendix 1. Aide Memoire

First, fill in these columns

Next, fill in these columns. Start with the highest priority event. Use a new sheet for each event

) (4) Difference The difference between the observed and expected behaviour is because...
(¢D) Safety 3) b . .
Significant Barriers & Priority for etween situation I s
EVENTS Work analvsis in incident and (5a) “Original (5b) Systems (5¢) Organisational
or y expectations in (2) logic” y & Cultural Factors
Controls
List the Identify the | How State the actual Why did the How did systems cause or allow the How did
events that safety significant behaviour/situ- ‘action’ difference? ORGANISATIONAL
increase risks | barriers and | is this ation observed people think issues (e.g.
significantly work event? and the expected | that their Generic systems could include: structure,

and/or
significantly
decrease
control

IMPORTANT:
state each
significant
event in the
form ACTOR
+ ACTION
and OBJECT

Ideally, select
from an
ECFA+
analysis; if
not, carefully
review the
sequence of
events
revealed by
witnesses and
other sources

controls that
would have
limited or
prevented
each
significant
event.

State only
barriers and
controls that
operate
directly (i.e.
overt
behaviours
and/or
tangible
things or
states of
things)

Significance
should
reflect how
useful it will
be to
analyse
issues
using
columns 4
& 5)

behaviour or
situation
[mention the
standard on
which the
expectation is
based].

e.g. ACTUAL: Mr
Brown closes
valve no. 129.

EXPECTED: Mr
Brown rotates the
valve 8 clockwise
turns, counting
the turns as he
does so.
[STANDARD:
Operational Note
No. 123]

Behaviour, or
the situation,
was okay?

(1) Verifying Readiness

(2) Housekeeping

(3) Briefings and task allocation

(4) Personnel selection

(5) Competence Assurance

(6) Inspection

(7) Maintenance

(8) Motivation

(9) Co-ordination between groups
(10) Supervision

(11) Design of Hardware and premises
(12) Procurement and Supply

(13) Risk Assessment

(14) Procedures & Technical Information
(15) Planning

(16) Budgeting

(17) Monitoring

(18) Change control systems

(19) Emergency systems

(20) Audit and review

leadership, politics,
change, etc.)
contribute to the
issues in (4)?

What CULTURAL
factors (e.g.
dominant habits,
attitudes, norms
and expectations)
are relevant, and
how?
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Appendix 2: Example

@ @ (©) @ ; ur
Significant Safety Barriers | Priority | Difference between situation in The difference between the observed and expected behaviour is because...
EVENTS & Work for incident and expectations in i s . (5¢) Organisational
Controls analysis (2) (5a) “Original logic (5b) Systems & Cultural Factors
Warehouse manager: gglgnzglgner:eneric risk
Actual: Request replacement FLT broke down during busy period Procurement & supply: assessmentsgso bvpassin
(A) o . , urgent replacement required Specification of equipment to fit . yp 9
Warehouse o Expected: Request ‘suitable . . - active hazard seeking by
supervisor Specification of 2 replacement \I;|V|re r(]:ompany._ ided onlv if actual con.dltlons (_)f use their supervisors
orders FLT FLT . eather protection provided only i No proactive seeking out of R )
Sta_nda_r_d. PUWER Reg ,4 asked for particular requirements by leg company:
“Suitability of Work Equipment” 2 Why were hire company not supplier Not identifying accurately
éccoalntable'? pany client’s needs for hire
’ equipment
gE;;e?gor?te n Mr Handsworth:
climb) Actual: Climbs onto cab to wrap Need to work in moderately D_uty holder:_ _
Mr clingfilm comfortable environment Higher supervision
Handsworth | (C) Use Expected: No modifications Other vehicles similarly adapted so (audit/inspection) ineffective Duty holder:
climbs covered FLT rd oo validates it as an acceptable practice Culture of allowing
3 Expected: Alight by proper .
between . Task not seen as dangerous Supervision of task, workers | warehouse staff to set
(D) Physical steps g _ _
mast and cab d yf o Standard: C fot Manufacturer/designer: & area: their own operating norms
of FLT gg?éssoms::lﬁ_ rulzg ard- Lompany satety ? Why were additional barriers (side | Lack of supervision
mast-cab access) and signs (danger zone) not | Routine violations not corrected
i ?
danger zone fitted
) Actual: Foot contacts ‘tilt’ and
(E) Separate in ‘raise’ levers M fact Jdesi
space . . . anufacturer/designer: . .
(foot/lever) Expected: Physical barrlerl ? Why were additional barriers . . Hire company:
Mr Standard: Supply of Machinery (ledge or lever position) not fitted? Design of equipment: Absence of a culture of
Handsworth (F) Ledge to 4th Safety Regulations: “Controls — ? Design risk assessment did ‘active hazard seeking’ in
pushes lever | Preventslip control devices” Hi . not foresee need for barrier? that equipment procured
(toe-board) Standard: EN 14121 Machinery e company: - . for further hire to end-
Risk Assessment: “Ergonomic ? Why was deficiency not identified users
i . when first procured?
(G) Windscreen hazard — design, location and P
identification of controls”
. i Risk assessment of . i
Actual: System partially live ’I;/I\z;lvr;]ufgcturte_rll_clels[[g_ner.f . equipment: ’I;/Ianu;acturer/desll_gger.
when driver outside FLT 7 y is partial isolation of energies | c oL ise. Revised ? Mech. engineers blin
. by seat interlock acceptable? . - spot on human factors?
Expected: System wholly dead g ] risk assessment required. . )
(H) Seat when driver outside FLT Hire company: . Additional risk controls Hire company:
- ea . ? Why was poor design feature not L . . ? Unquestioning reliance
FLT mast tilts | jnterlock isolate 1t Standard: Supply of Machinery |, previously? (decals/training/instruction) on CE marking?
inwards energies Safety Regulations: “Protection ' Procedures and technical '

of risks related to moving parts”
Standard: EN 14121 Machinery
Risk Assessment: “Maintenance—
isolation of energy sources”

Regulator:

Identify issue and communicate
appropriately

? Why was design fault not identified
when third party tested?

information

Safety alerts by manufacturer,
hire company and regulator.
Feed-forward to BS Technical
Committees

Regulator:

Compliance and
enforcement issues across
regulatory boundaries
(BERR/HSE/LA)
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Appendix 3: Summary of differences between

first and second edition analytical format

First Edition

3CA Version

Second Edition

Comments

(O) Significant
Events

(1) Significant Events

The two editions share the same definition of
significance. In the second edition, event is
defined using the ECFA+ criteria which
require an event to have an actor, an action
and an object.

(1) Change to
person or thing

The second edition requires the 3CA analyst
to specify an object when stating the event

(2) Agent of change

The second edition requires the 3CA analyst
to specify an Actor when stating the event

(3) Adverse effect of
change

The second Edition omits stating the adverse
effect. The loss of information is believed to
be restored by column (4).

(4) Work controls or
protective barriers
implicated in (1)/(2)

Controls

(2) Safety Barriers & Work

Very similar. The term “protective barriers”
was changed in the second edition to the
more familiar term “safety barriers”.

(5) Significance
Rating

(3) Priority for analysis

Very similar.

(6) In what way was
each measure at
column (4)
ineffective

(4) Difference between situation in
incident and expectations in (2)

The second edition requires analyst to create
pairs of statements —actual vs. expected —
and to state the basis for the expectation. The
first edition required statement of a failure
mode (e.g. “did not use”); although “did not”
type statements can be factual, they tend to
be treated as explanations in themselves.
Setting-up contrasting statements creates an
impetus for further reasoning.

The difference

(7) What upstream™
processes failed to
identify or prevent
the problems noted
in (6)

between the
observed and
expected
behaviour is
because...

(5a) “Original
logic”

This column has been included in the second
edition to promote insight into the reasoning
and assumptions made by people who
invariably did not want to cause an accident.
The first edition did not prompt analysis of
this form; if original logic was discussed it
was as an adjunct of “upstream processes”.

(5b) Systems

The label “upstream processes” has been
found to be obscure to many users of the first
edition. The term ‘Systems’ is a more familiar
term and trials suggest the term prompts
reasoning in the way intended by the author.

(5¢0)
Organisational
& Cultural
Factors

This column has been included in the second
edition to encourage analysts to consider the
influence of culture and organisational
context. These factors were sometimes
addressed in the catch-all column (8).

(8) Why?

The three columns (5a to 5c) in the second
edition provide enough room to explore the
reasons underlying the accident; the catch-all
column 8 of the first edition is no longer
needed.
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