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Abstract

An essential assumption for the usefulness of near miss reporting is the common
cause hypothesis: the causal pathways of near misses are supposed to be similar to
those of actual accidents (such as injuries and damages). The common cause
hypothesis was originally proposed by Heinrich (1931) in his seminal book
“Industrial Accident Prevention”. Since then, the hypothesis has been alternately
supported and rejected based on a confounded view of the interdependence of
severity, frequency and causation. The evidence from various studies is examined
and it is concluded that the hypothesis has not been properly tested. Thus this thesis

tests the validity of the common cause hypothesis.

In order to develop the methodology to test the common cause hypothesis analytical

work in the area of incident analysis and reporting was required. Thus this thesis
also outlines the approaches to accident and incident analysis and makes several
recommendations regarding the use of taxonomies and reporting systems. A

reporting and analysis system (CIRAS) for the collection and analysis of near misses
and unsafe acts and practices was developed and implemented for use in the UK

railway industry. This reporting and analysis system formed the basis for the test of

the common cause hypothesis.

v



Data used to empirically test the common cause hypothesis come from one company
of the UK railway industry. ﬁree types of data were used: incidents resulting in
‘fatality & injury’, ‘damage’ or ‘near miss’. A total of 240 incidents were collected
via management reports and a voluntary reporting system. All incidents were coded
for causal factors according to the CIRAS (Confidential Incident Reporting and
Analysis System) taxonomy. A total of 750 causal factors were assigned to the 240

incidents. Analysis was performed on a comparison of the proportion of codes

occurring at all three consequence levels using Chi-square analysis. Results: The
CIRAS taxonomy consists of 21 individual causal factors. Only three of these
factors (knowledge based errors, training and procedures) were significantly
different across the three severity levels. It is therefore concluded that this research

provides qualified support for the common cause hypothesis.
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Chapter 1 The common cause hypothesis described and evaluated

1 Introduction

This chapter describes the common cause hypothesis with detailed reference to the
work of Heinrich and others. The arguments that have been presented in the
literature both for and against the common cause hypothesis are examined. It is
proposed that the hypothesis is fundamentally misunderstood and that this has
ramifications for studies, which have so far claimed to have empirically tested the
hypothesis. Such studies are examined in light of the data collected. This chapter
aims to evaluate the arguments and therefore demonstrate that research to date has
failed to adequately test the common cause hypothesis and therefore the idea of a
similar common causal pathway for near misses and more serious events can be

neither accepted nor rejected at the present time.

1.1 Frequencies and causes of accidents and incidents

In 1931 in his seminal work “Industrial Accident Prevention” H. W. Heinrich
claimed that major injury accidents, minor injury accidents and no injury accidents
all had the same causes. Although he presented only a small amount of supporting
evidence and despite many refutations, the idea of a common causal pathway for
events resulting in injury and for those resulting in no adverse consequences appears

to have become embedded in the accident prevention community.



It is the aim of this thesis to empirically test the common cause hypothesis (by
determining whether the causal patterns of major accidents, serious injuries, property

damage incidents and near misses are significantly different or not).

The data for this thesis come solely from the railway domatn as this domain provides
a rich source of both serious accidents and near misses. The implementation of the
CIRAS system (Confidential Incident Reporting and Analysis System) enabled
railway near misses to be collected systematically for the first time and hence

provides an excellent comparison with actual incidents in this domain.

Testing the common cause hypothesis (i.e. empirically testing whether the various
severity levels or the consequences [near misses, minor injuries, major injuries and
fatalities] have similar underlying causal mechanisms) is not simply an academic
exercise. This theory has been propounded to support the institution of near miss
reporting systems, of justifying the time spent analysing minor events in the hopes
that major events can be prevented and providing employees with forms and the time

to fill them in. In fact, a lot of research has grown up around this theory, and that
research may not be in a position to fulfill the promises it makes to decrease the
number and severity of accidents by acting on near misses. Converéely, if the
common cause hypothesis is validated, then high risk industries and medicine should

make a greater effort to stimulate the reporting of near miss events, to spend time



collecting and analysing near misses and to follow up with prevention measures that

are aimed at decreasing the identified causes.

Chapte;' 1 provides an historical perspective of the ideas of Heinrich and outlines the
logical arguments for and against the common cause hypothesis. This first chapter
also describes and discusses the empirical research to date which claims to have
tested the hypothesis. Chapter 2 outlines accident investigation processes and
presents some detail on accident and incident causation theories. The main thrust of

the chapter discusses the relationship between these theories and their implication for

causal analysis and taxonomies. Such taxonomies form the basis for testing the

common cause hypothesis (as pattern matching is required over a large number of
incidents), and hence this chapter provides a clear methodology for testing the

hypothesis. A list of the minimal requirements of any taxonomy for determining
causation is presented. Chapter 3 then discusses the way in which incident event
reports can be collected. A near miss reporting system was implemented on the UK
railway industry using the findings and guidelines from Chapter 3. Chapter 4
presents and describes CIRAS (Confidential Incident Reporting and Analysis‘
System) which is currently being used by the UK railway industry for the collection
and analysis of near misses and other safety related incidents. The CIRAS taxonomy

1s fully described and compared to the minimal requirements of a taxonomy

presented in the previous chapter. The CIRAS taxonomy is used to code all of the



accidents and incidents collected as part of the hypothesis testing. Chapter 5
describes in detail the various types o*f 'data collected to test the common cause
hypothesis — injury, damage and near miss incidents. All the data come from one
railway company. Chapter 6 presents the results of the data analysis, while Chapter 7
presents a discussion of all the results from the thesis. Chapter 8 presents a summary

of the results and the way forward for future research.

1.2 An Historical perspective

This section describes the background and thinking that led to the development of

the common cause hypothesis.

1.2.2 Background

Heinrich published his seminal work “Industrial Accident Prevention™ in 1931,
which claimed that accident prevention at that time was aimed at the wrong events
(major injuries) - with some revision of text this book survives today, having last
been published in 1980 with co-authors Dan Petersen and Nestor Roos. Many of the
ideas proposed in 1931 have survived the test of time and proved effective in
reducing the number of industrial accidents; others, such as ‘the common cause
hypothesis’ have gained the status of an urban myth (see Hale 2000) despite being

omitted from the subsequent versions. - In the final edition of ‘Industrial Accident

Prevention’ (1980) the idea of a common causal pathway is rejected as a



fundamental confusion between the causes of severity and the causes of frequency.
This section will trace the development of Heinrich’s original hypothesis and the

subsequent critiques of this line of inquiry.

1.2.3 Action based on all accidents

Heinrich states that the ideas presented in ‘Industrial Accident Prevention’ stemmed
from 17 years of industrial experience (mainly gained in the insurance industry).
The aim of the book was to encourage industry to tackle not only those events which
resulted in a major injury but also to pay attention and act upon the accidents which
resulted in minor injuries, property damage or even no injury at all. The reasoning
was that reducing the number of events per se, would also lead to a reduction in costs
and an increase in productivity. Heinrich re-defined the term ‘accident’ to include
even those events that did not result in an injury. He describes an accident as “an
unforeseen, improper or non-planned occurrence....an accident need not necessarily
produce an injury”. (Heinrich, 1931 pp 93) This was very progressive thinking that
required to be based on a scientific approach. In order to convince his audience of

the value of this approach, Heinrich tackled the problem from a number of angles.

These are described in the sections below.



1.2.4 The hidden costs of accidents

Firstly, he provided evidence that, due to hidden cost of accidents, accident
prevention made sound business sense. He contended that the incidental cost of all
industrial accidents was four times as great as that of compensation and medical
bills. The text highlights a number of cases to demonstrate the calculation of hidden

costs. Examples are given in Tables 1 and 2 below.

An example of Heinrich’s calculations of the cost of accidents (Actual and

Incidental):

Actual costs

Number of accidents Compensation and medical bills
3 |Fractures& Contusions | $106
18 " TRivetbums,cuts,bruises _____|$76
21 TTFalling materials
Slips and falls
/| Total 5209

Table 1: Actual costs of accidents during building erection job (Heinrich 1931, p 19)

Incidental costs

Time lost by injured employees (paid directly by
employer)

Time lost by other emplovyees $310

Time lost by superintendent & foremen

Property damage

time
T Totas93r

Table 2: Incidental costs of accidents during a building erection job (Heinrich 1931, p 19)



From the above tables it is clear that the incidental costs of accidents are often
greater than the actual immediate cost of the accident (in terms of medical and

compensation bills).

Hidden costs apply in the same way to major and minor Injuries and Heinrich
asserted that the ratio of 4:1 exists for major injuries, minor injuries and accidents

with no injury.

The purpose of calculating the effects of hidden costs was not merely to show that all
types of accidents cost more than was originally thought by the industrial community

as Hale (2000) asserts, but also to demonstrate the relevance of tackling all accident

types with the goal of prevention. Heinrich himself expresses it thus:

“This four to one ratio should prove to be a powerful stimulus to preventive
action......to employers who are apathetic toward accident prevention, or who are
mildly interested only for humanitarian reason. To employers who feel that they

cannot afford to establish safety on an organized basis.”  (Heinrich, 1931 ppl7-

18)

In 1966 Bird performed a similar study into the hidden cost of accidents and

calculated the ratio to be of 6:1. This difference in ratio does nothing to detract from



Heinrich’s work and in fact emphasises the fact that accident prevention (if effective)

could easily save employers much money.

1.2.5 The interconnectedness of safety and productivity

In order to convince those who still failed to see the need for accident prevention,
Heinrich proposed that safety and productivity were interconnected, and that the
methods which were used to increase productivity, quality ‘and control were the same
methods that contributed to safety. Petersen (1989) believes that this expressed
Heinrich’s best thinking, but it was the one principle of Heinrich’s that was most

overlooked by safety professionals.

In line with his views on safety and productivity it was also Heinrich’s contention
that a safe factory was also more productive than an unsafe factory. A study of safety
and production, performed by the Committee on Safety and production of the
American Engineering Council and published in 1928 (Heinrich 1931, p 33)
reinforced Heinrich’s view of the interdependence of safety and productivity by

concluding that a safe factory was eleven times more likely to be productive than an

unsafe factory.

Thus Heinrich concluded that tackling all accidents as well as major injuries would

lead to a reduction in costs and increased productivity.



1.2.6 Frequency of occurrence

In addition to reduced costs and increased productivity, Heinrich further established
the need to aim prevention at all accident outcomes By providiﬁg evidence on the
frequency of occurrence of the various accident types (severity levels) within an
industrial context. Heinrich (1931) examined insurance claims for disabling injuries
and suggested that for every mishap resulting in an injury there were many other
similar incidents which resulted in no injury. He estimated that for every 330
potential injury accidents, 1 will result in a disabling injury, 29 in minor injuries and
300 will lead to no injury. Although Heinrich found some variation between
different types of industry, he states that for all disabling injuries, the figures average

to those shown in the triangle model below in Figure 1.

A Disabling injury
[ 7\ e

300
No injury

Figure 1: Heinrich’s ratio triangle

Other similar studies examining the relationship between major and minor events

have also been carried out (e.g. Bird 1966 & 1976; Skiba 1985). Bird (1976)



analysed 1, 753, 498 accident reports from 297 companies while working for the

Insurance Company of North America. Unlike Heinrich’s study, which was based
on “accidents of the same kind and involving the same person”, Bird widened the

scope to include different types of industry and accident. The results of Bird’s

analysis are shown in the triangle model below:

Serious or disabling injuries
Minor injuries
Property damage accidents

Incidents with no visible damage

Figure 2: The Bird accident ratio study

Bird’s results as shown above in Figure 2, represent an average for all industries.

Swain (1974) found the same ratio as Bird. Skiba (1985) has a similar pyramid of
work accidents taken from West-German accident records. This provides a set of
ratios which suggest that for every fatal accident there are an estimated 70,000 near
accidents. It should be noted that the cited accident figures from different data sets
provide incompatible ratios. This makes sense, as each industry and work activity

will have its own set of ratios of injuries, property damage incidents and near misses.

10



This can be clearly illustrated by the fagt that railway maintenance workers have the
unfortunate dichotomy to be at'either end of the triangle i.e. due to the nature of their
work they are more likely to be involved in either a near miss or a fatality. However,
it is un;:lear from any of the ratio studies, if these ratios are stable over time and can
bé replicated year on year for the industries or if it is simply an amalgamation of all
data collected. While Hyos and Zimolong (1988) state that an empirical ratio does
not imply any causal relationship between the different levels of the triangle, they do
conclude that reduction or elimination of near misses will improve system safety and
reduce the number of injuries. Such a conclusion appears to be based on the fact that

the ratios are taken to be stable rather than descriptive.

However, it cannot be determined from the above ratio studies (or from Heinrich’s
study) whether the established ratios are stable and therefore predictive (i.e. as the
number of minor injuries increases so too does the number of property damage
accidents and serious or disabling injuries etc., and vice versa a decrease in minor
injuries should lead to a decrease in serious or disabling types of accident), or if it is
simply a description of the number of incidents which occurred in a given time
period. This distinction is fundamental to all future arguments: the claims suggesting

that a decrease in near misses will automatically result in a proportional decrease in

serious injuries would require a stable ratio.

11



Like Heinrich, Bird concluded that his study presented a strong case for aiming
prevention at the events at lov;rer levels In the triangle in an attempt to reduce the
number of serious accidents and disabling injuries. He suggeéted that accident
prevention initiatives were failing to target resources and actions appropriately. He
suggested that if the more frequently occurring incidents were tackled (i.e. the near
misses or incidents with no visible damage) then this would reduce the number of
serious accidents (major and minor injuries) which occur. This of course only holds
true if the ratio relationship is stable.

Bird himself states:

“The 1-10-30-600 relationships in the ratio would seem to indicate
quite clearly how foolish it is to direct our total effort at the relatively few events
terminating in serious or disabling injury when there are 630 property damage or

no-loss incidents occurring that provide a much larger basis for more effective

control of total accident losses.”  (Bird, 1976, pp167)

The 1dea of tackling less serious incidents (i.e. those at lower levels of the triangle) in
order to reduce the more serious accidents, is therefore based on the assumption that
a stable ratio between minor and major incidents exists. Where the ratios are stable
-and not merely descriptive, a causal connection is implied, so that reducing incidents

at one level of the iceberg must produce a similar effect at other levels of the iceberg.

12



This and Heinrich’s assertions in 1931 has led to the assumption that the causal
mechanisms of minor and major incidents are the same or similar (van der Schaaf

1992; Swain 1974; Ferry 1988).

However, Groeneweg (1998, p 51) provides evidence culled from a number of
sources (traffic conflict studies and industry) that the pyramid ratios not only differ
within and between companies and type of work but that the ratios themselves are
not stable. He cites statistics collected and analysed by the Oil Industry International
Exploration and Production Forum which show only a weak relationship between the
number of fatalities and the number of Lost Time Injuries (LTIs) and Restricted
Work Cases (RWCs)'. The correlation between LTIs and fatalities was .656 and
between RWCs and fatalities .467. Between RCWs and LTIs the correlation was
269. This suggests that the number of LTIs does to some extent predict the number
of fatalities, but the RWCs are not a reliable predictor of either fatalities or LTIs.

Groeneweg provides a number of explanations for this finding, including the

following:

1. Data on RWCs were not collected by all the companies returning data to the co-

ordinator of this statistical study;

2. The various companies had different criteria relating to a LTI and RCW;

' Restricted work case is defined as injury at work that does not lead to absence the day after the
accident because of alternative job assignment.

13



3. RWCs are not necessarily the result of an accident or incident but are mainly

operational decisions.

Groeneweg uses these findings and the differences in data collection protocols to
illustrate the point that accident statistics are not a good measure of the safety of a
company. However, the question for this thesis is not how well the number of near
misses will predict the number of fatalities or minor actidents, but how well the
causal patterns of near misses predict the causal pattern of minor injuries, serious

accidents and fatalities.

1.2.7 The value of causal analysis

In order to take effective remedial or preventive action one must know and
understand why and how an event has occurred. Heinrich reviewed more than
50,000 accident reports and proposed that the causal analysis of accident generation
within most industries was deficient — the causes attributed to the accidents were not
the causes of the accidents themselves but the causes of the resulting injuries. These

included “causes” such as ‘slips and falls’, ‘falling objects’, ‘struck by or against’,

etc. Heinrich provides the following to elucidate his point:

“Falls of persons for example, is (sic) obviously a cause of an injury, but it is

not the cause of an accident. A person is injured because of a fall. The fall itself is
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the accident, and it is the cause of the accident that must be known in order to effect

a remedy.” (Heinrich, 1931, pp 39)

It was apparent to Heinrich that the type of injury sustained was being confused with
the type of accident which resulted in such injuries: this is still often the case in
industry and research today. While Heinrich attested that causal analysis was carried
out poorly and in a confused manner, he did not suggest that collecting data on the
types of accident (such as slips, trips and falls) should be discontinued for they
provided useful information. Indeec‘i such classification systems remain in use today.
However, the type of accident should not be confused with or used as a replacement

for classification and identification of the causes.

In order to clarify the ‘cause’ of an accident, Heinrich took his definition of accident

causation from the U.S. Bureau of Labor Statistics:

“That the accident should be charged to that condition or circumstance
which would have prevented the accident; but if there be more than one such

condition or circumstance, then to the one most easily preventable.”  (Heinrich,

1931, pp 42)
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There 1s much to contend with in this definition: not least that the idea of multiple
causation is acknowledged and then bypassed in favour of finding the most easily

preventable cause.

Heinrich proposed a classification system, which he claimed, would be adequate for
all accidents and all industries. He divided accident causes into supervisory and
physical. Beneath each of these superordinate categories, he provided a number of
classifications such as faulty instruction, unsafe practice and poor housekeeping.
Each of these classifications then .had a number of detailed sub-categories from
which to select. It can be seen that Heinrich’s taxonomy fails to clearly identify
‘supervisory’ causes including such as ‘faulty instruction’ which is a supervisory
problem along with ‘inability of employee’, ‘mentally unfit’ and ‘lack of
concentration’ all of which are not necessarily under the control or management of
the supervisor. Furthermore ‘poor housekeeping’ is included as a ‘physical’ cause
despite the fact that this is clearly under the control of supervisors. However, despite
these weaknesses in Heinrich’s taxonomy it is nevertheless advanced for its time.

Heinrich provided a set of explanations and examples for the terminology he chose.

Accidents were caused either by Supervisory or Physical failures. A representation

of this early taxonomy is shown in Table 3 below.
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ACCIDENT CAUSES

Supervisory | Physiea 0]
Faulty Instruction: Physical hazards

a. None b. Not enforced a. Ineffectively guarded

c. Incomplete d. Erroneous b. Unguarded

Inability of employee Poor housekeeping
a. Inexperience b. Unskilled a. Improperly piled or stored equipment
c. Ignorant d. Poor Judgement b. Congestion

Poor discipline Defective equipment
a. Disobedience of rules a. Miscellaneous materials and equipment
b. Interference by others b. Tools

c. Fooling c. Machines

Lack of concentration Unsafe building condition

a. Attention distracted a. Fire protection  b. exits
b. Inattention c. Floors d. Openings e. Misc.

Unsafe practice Improper working conditions
a. Chance taking a. Ventilation

b. Short cuts | b. Sanitation

C. Haste ¢. Light

Mentally unfit Improper planning
a. Sluggish or fatigued | a. Layout of operations

b. Violent temper b. Layout of machinery

c. Excitabili c. Unsafe processes

Physically unfit Improper dress or apparel

a. Defective a. No goggles, gloves, masks, etc

b. Fatigued b. Unsuitable - long sleeves, high heels, defective,
c. Weak etc

Table 3: Heinrich’s 1931 taxonomy of accident causes (p 46)

1.2.8 The common cause hypothesis

Having used a variety of methods to convince his intended audience of the benefits
of analysing all types of accident, Heinrich then turned to actual data. Using the
taxonomy described in section 1.2.7 above, Heinrich applied his causal analysis to
50,000 accidents. He does not provide data on how this was accomplished, nor any
great detail on the use of the taxonomy. There are no reliability studies in the use of
the classification scheme and it appears from the text that Heinrich in fact assigned

all the causes himself. Further, Heinrich himself states that only one immediate
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cause was assigned for each accident — given our understanding of accident
causation today, the data are s;)mewhat limited. These difficulties notwithstanding,
Heinrich’s results appeared to point convincingly to the fact that similar causes exist
for no :injury accidents and for minor and major injury accidents. The data used are
from the superordinate categories only for the “supervisory” causes, while only
mechanical hazards have been included from the “physical” causes. This is not
discussed or explained in the text. A graphical representation of Heinrich’s results is

provided in Figure 3 below.

Despite the unanswered questions regarding the data shown below, Heinrich’s data
provide compelling evidence for the similarity in causal patterns between major

injuries, minor injuries and no injury accidents. In the 1931 edition, he himself

claims the following:

“The truth of this deduction is strikingly demonstrated through the discovery
~ as recorded on the chart — that the frequency of major injuries varies directly with
the frequency of no-injury or potential-injury accidents. This result would be'
expected to follow, as the predominant causes of no-injury accidents are, in
average cases, identical with the predominant causes of major injdries ~ and

incidentally of minor injuries as well.” (Heinrich, 1931 pp 90) [bold author’s own]
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Figure 3: Heinrich’s data on causes of major, minor and no injury accidents

The findings displayed on the graph above would suggest that the immediate cause
of major, minor and no injury accidents are the same — of course this method of
causal analysis takes a simple, linear view of accident causation and fails to deal with

multiple causes. The message for industry was clear — collect, analyse and

effectively tackle all minor events and the number of serious accidents should
decrease. It is surprising therefore, that all references to this data analysis and the

similar cause hypothesis are absent from all subsequent versions of “Industrial
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Accident Prevention”. As there is no mention of why this has been omitted, one can
only wonder as to the causes, and why the data were not re-visited. In fact, in the
fifth edition of 1980, Heinrich and his co-authors go to great lengths to disabuse

safety practitioners and readers of the notion of the common cause hypothesis.

“It [the ratio] also does not mean, as we have too often interpreted it to
mean, that the causes of frequency are the same as the ‘causes of severe injuries.
Our ratios and figures in this area have confused us...national figures...show that

different things cause severe injuries than the things that cause minor injuries.”

(Heinrich, Petersen and Roos, 1980 pp.64)

The confounding of the causes of severity and frequency, with causality has resulted
In a common causal mechanism being rejected on the basis that reducing frequency
has not reduced severity by a similar percentage. This does not logically follow. A
similar cause hypothesis does not logically follow from the original data on ratios,
but from the data on the causal analysis performed by Heinrich. The ratio type

models that are used to describe the frequency of occurrence of various severity
levels may be merely descriptive and say nothing about cause or the type of
relationship which may exist between frequency of accidents and the levels of
severity of accidents. Such ratio models have not even been shown to be stable.

From the many data sets studied, it can be seen that the ratios for different work
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types and countries vary enormously. Thus any work in this area is immediately
bound by whatever ratio is chosen and the confines of that particular ratio.
Heinrich, Petersen and Roos (1980) cite various ﬁgures that do not fit with
Heinrich’s original ratio model to prove that there is no common causal pathway,

and support the argument with the following figures:

“We can readily see that the types of accidents that result in temporary total
disablilities are different from the types of accident that result in permanent partial
disabilities or fatalities.....handling materials accounts for 25% of all temporary
total disabilities and 21% of all permanent partial injuries, but only 6% of all
permanent total injuries and fatalities. Electricity accounts for 13% of all
permanent totals and fatalities but accounts for a negligible percentage of temporary
totals and permanent partials. These percentages would not differ if the causes of
frequency and severity were the same. They are not the same. There are different
sets of circumstances surrounding severity. Thus, if we want to control serious

injuries we should try to predict where they will happen. Today we can often do just

that. ”* (Heinrich, Petersen and Roos, 1980 pp 64 - 65 & Petersen, 1979 pp 19 - 20)

So, Heinrich and his co-authors repudiate a similar cause hypothesis on the basis that
the figures for different industries do not fit with the original triangle model.

However, earlier in the same chapter it is argued quite successfully that the original
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figures were averages of different people and different accident types, and that

different industries are likely to have different ratios.

“It does not mean, for instance, that there would be the same ratio for an
office worker and a steel erector. It might mean they could be averaged to this (or a

similar ratio); but certainly neither of these extremes would fit the ratio.” (Heinrich,

Petersen and Roos, 1980 pp 64)

It would appear that Heinrich is prepared to undermine the original model in order to
suggest that there is no proof for a similar cause hypothesis. It is unfortunate that he
has failed to realise that the existence of a ratio of severity and frequency neither
adds nor detracts from a similar cause hypothesis. A rather tautologous kind of logic

is at work here: Heinrich is confusing severity and frequency ratios with causal

mechanisms.

Heinrich further attacks the similar cause hypothesis by suggesting that a reduction

in frequency does not correspond to exactly the same reduction in severity. Again,

he is confusing the causes of frequency and severity, with the causal mechanisms of

incidents.
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“Statistics show that we have only been partially successful in reducing
severity by attacking ﬁ'equenc.};. In -the last 40 years National Safety Council figures
show an 80 percent reduction in the frequency rate. During that period the same
source shows only a 72 percent reduction in the severity rate, a 67 percent reduction
in the fatal and permanent total rate, and a 63 percent reduction in the permanent

partial disability rate.” (Heinrich, Petersen and Roos, 1980 pp 65 & Petersen 1979

pp 23)

Given the ratios provided by Heinrich in 1931, and given that an 80% reduction in
frequency corresponds to a 72% reduction in severity for national figures (i.e. all
types of work and activity), this does not look like limited success. Rather than
suggesting that the different severity levels are not related, these figures appear to
provide support for the hypothesis that severity and frequency are related in some
way: with a reduction in one leading to a reduction in the other (although not of
exactly the same proportions). Heinrich suggested that the above figures did not
provide enough proof that the various severity levels are related causally. However,

the interdependency of severity and frequency are something different from
underlying causal mechanisms. Rather than suggesting that underlying causal
mechanisms are dis-similar, Heinrich’s figures suggest that severity and frequency

are not related in the rather straightforward way first conceived of in the triangle

models.
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The confusion between severity, frequency and causality has in part arisen as the
terminology used by Heinrich al:ld subsequent authors is unclear and open to
interpretation. In Heinrich’s accident triangle, ‘frequency’ is how often a given
incident occurs, while ‘severity’ relates to the consequences of the incident. The
relationship between the frequency of a given incident and the severity level of
incidents has given rise to a confusion between the causes of severity and frequency
(i.e. the reason why a given incident results in a severity level a number of times)
and the underlying causes of incidents. The causes of frequency and severity relate
to the probability of a particular task resulting in an incident and the probability of
that incident causing a certain consequence. For example, in the railway industry,
the frequency of an accident at an AOCL (automatic open level crossing locally
controlled) depends on how often vehicles and trains meet at the crossing, and on
how often something goes wrong when this meeting occurs (such as the vehicle
driver trying to beat the train, the warning lights not working, or the driver falling
asleep etc.). The severity of the accident resulting from the failure of the train and

the vehicle to maintain separation depends upon a number of factors which are
independent of the cause of the accident, (such as the type of vehicle, the speed of
the vehicle and the train, the weight of the train, the number of passengers etc.). This

example is provided to demonstrate that the interdependence of frequency and

.severity has no bearing on the underlying causal mechanisms of accidents and

incidents.
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1.3 Development of Heinrich’s principles

Heinrich ‘provided safety practitioners and researchers of today with plenty of

material for study. He provided strong arguments for collecting and analysing minor

deviations and near misses. Various authors have expanded upon his triangle models

and theorised about the relationship which exists in such models. This section now

critically examines the perspectives following on from Heinrich. A summary of his

points is presented in order to compare his ideas with those of the present day.

Heinrich’s Fundamental Principles for Accident Prevention:

1.

Principles of safety and production are alike

2. Executive interest is necessary for effective accident prevention [This is the first
time that such a principle appears in literature — it is widely acknowledged in
industry today.]

3. Cause analysis is necessary for all accident types (major, minor and no-injury
accidents). [In the first edition of “Industrial Accident Prevention” only, does he
make claims regarding a common causal pathway for all accident types.]

4. For every major injury accident there are 29 minor injury accidents and 300 no
injury accidents.

5. Selection and application of remedy should be based on the causes

6. Corrective practice should be enforced (sic)

Heinrich (1951) pp20
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As this thesis is concerned only with item 3 of the above list, this section on present
day theory will concentrate mainly on the similar cause hypothesis and triangle or

iceberg models.

1.3.1 Current views of Heinrich’s theory

Echoes of Heinrich’s reasoning can be found in the work of van der Schaaf (1991)

who states that the collection and analysis of near miss data have the following

purposes:

1. to gain qualitative insight into how (small) failures or errors develop into near
misses

2. to arrive at a statistically reliable quantitative insight into the occurrence of

factors or combination of factors giving rise to incidents

3. To maintain a certain level of alertness to danger, especially when the rates of

actual injuries and other accidents are already low within an organisation.

Reason (1997) fully supports these points while describing problems in the data used
to validate the various ‘iceberg’ models. Van der Schaaf points out that near misses
occur more frequently than actual accidents; the ratio studies have clearly

demonstrated this point. Whether the order of magnitude is 300:1 as Petersen (1989)
suggests or as defined by the ratios described in 1.2, the fact remains that more

opportunities exist to register near misses and perform analysis as a means to
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identifying problem areas. Van der Schaaf (1991) defines the relationships between

accidents, near misses and beh'avioural acts as follows: near misses are sandwiched
between actual, but rare, accidents above and a large number pf behavioural acts
(errors and recoveries) below. Incidents at the top level of the pyramid are more
visible than those below. It is assumed that the various levels within the pyramid are
directly related. The pyramid represents a continuum of events from the bottom to
the top of the triangle i.e. that near misses and accidents are directly related in terms
of cause, and therefore, an overlapping set of root causes should be identifiable
between the various outcome levels of the model. It is also assumed that incident
analysis will attempt to progress as far to the bottom of the triangle as possible, and

therefore that accidents will have a greater number of identified root causes than

either near misses or behavioural acts. The model is outlined in Figure 4 below.

Sutherland, Makin and Cox (2000) are also proponents of tackling incidents at lower
levels of the triangle in order to reduce the more serious accidents. They recommend

a proactive behaviour-based approach and the encouragement of reporting near

accidents. They cite figures from Tye and Pearson (1974/5) cited in HSE (1992) as
providing evidence for tackling near misses rather than fatalities and lost time

accidents. They acknowledge that near accidents are excellent predictors of future

accidents (Tarrants, 1980).
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Figure 4: Qualitative iceberg model of the relationship between aceidents, near misses and
behavioural acts (after van der Schaaf, 1991)

Despite the criticisms by Groeneweg in relation to the stability of the ratio discussed

earlier in this chapter, he asserts that the idea behind the pyramid models is valid

thus:

“fatalities are built on the same foundations as Lost Time Injuries and unsafe

acts and should not be treated separately”. (Groeneweg, 1998, pp 44)

Thus it is apparent that while the idea of a stable ratio is in doubt, the propagation of
Incidents as a continuum from unsafe acts to accidents appears to have become
accepted. The acceptance of such a continuum does not depend upon a stable ratio,
but would suggest that similar causal patterns would be found in accidents, incidents
and near misses. However, other researchers, notably Petersen and Hale have

criticised this approach to the propagation of accidents.
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Petersen’s (1979 & 1980) objections to the common cause hypothesis are based on

the fact that a decrease in freqﬁency of accidents has not led to a similar decrease in
the severity of accidents. He states that if the causes of severity and frequency were

the same then the decrease in the percentages of different severity levels would not
differ. Arguments have already been provided, discussing the confusion between a

ratio relationship and a causal relationship.

This thesis aims to test the proper interpretation of the common cause hypothesis in
one domain that involves a varieiy of tasks within the railway industry. The
limitations of studying one domain are acknowledged and will be expanded upon in
Chapter 4, which discusses the data collection. The thesis is not concerned with

triangle models per se, nor in frequency of exposure but in determining if there are

similar causal mechanisms or pathways underlying incidents which occur at different

levels of the triangle.

Hale (2000) does not fully support the same cause hypothesis, and is surprised by the
vigour with which it has been adopted. He states that intuitively one can grasp that
any given accident is the culmination of a process that can be stopped at a number of
points. In his opinion the Heinrich and Bird studies suggest some overlap in causes,
but also a considerable degree of difference. In order to substantiate the differences

Hale (op cit) cites a number of studies and also includes reference to Heinrich et al’s
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5% edition of Industrial Accident Prevention which concluded that decreasing
frequency had only a partial effect on decreasing severity. Hale also discusses the
results of a number of other researchers which apparently refute the common cause
hypothesis. These shall be discussed in section 1.4. At this point, it is necessary
only to state that the majority of these studies are not actually testing the common
cause hypothesis using causal analysis, but using inappropriate data resulting in
confusing results and continued debate. Hale and Hale (1972) in an extensive
literature review make reference to the common cause hypothesis and at that time
highlighted the lack of empirical testing of the hypothesis. Despite their assertions
that the hypothesis required rigorous- testing before being fully accepted into the
literature and safety culture, the hypothesis remains untested (at least in any
meaningful and reliable way). Hale accepts a number of these studies as having
tested the common cause hypothesis despite their obvious lack of using causal data
and cites further accident figures regarding aggregated ratio data as further proof of a
different cause scenario. Unfortunately, at this point Hale also has confused the ratio

debate with the causal debate. Similarity of causation does not rely on, nor does it

bear any relation to the frequency of occurrence.
Hale does not completely dispute the possibility of common causal mechanisms.

However, he does present a well-balanced argument for limiting the applicability of

the hypothesis. Tinline and Wright (1993) analysed loss of containment accidents
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and lost time injuries in chemical plants and showed little or no correlation between
the occurrence of the two within or between companies. Lost time injuries therefore
could not be used as an indication of major hazard safety. Similarly, in unpublished
work Hale found that the lost time injuries at a Dutch chemical plant almost all
occurred during non-process-related activities, such as walking around the plant and
using stairways. He suggests then that it is crucial to know whether practices and
conditions could result in more serious outcomes. This approach is based on
Heinrich’s original work which took the occurrence of a major injury and then
looked at the possible ways in which near miss incidents and similar sequences of
event resulted in a consequence less severe. Intuitively it can be understood that any

given accident is a culmination of a process that could or can be stopped at any point.
The process may be halted by way of barriers and/ or recovery mechanisms. A

number of authors (Kontogiannis 1999, van der Schaaf and Kanse 2000) are
currently investigating the phenomenon of recovery and how it impacts positively in
the prevention of more serious accidents. Hale therefore suggests that such factors
will also have an effect on causal pathways. The important issue then, is to determine
which near misses or low-level events have the potential to result in more serious
consequences. Hale is open to the idea that certain low level near miss events have
the same causal pathways as more serious events. In terms of accident pfevention he

s interested in whether. it can be determined from early accident sequences which

events have the potential to become more serious, which events will be recovered
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before damage occurs and which events will only ever lead to minor consequences.
He suggests that only the potentially serious near misses, and not an amalgamation
of all near misses are likely to have similar causal pathways as the more serious

consequence events.

He therefore suggests a different type of pyramid, one that takes this process of
ability to stop the event at given points into account. Thus if the pyramid is defined
in terms of the deviation sequence, it will be a pyramid for a given type of event.
Hale’s new pyramid to link major and minor accidents is shown below in Figure J.
For Hale, major injuries, minor injuries and property damage accidents are actually
the top of a different set of pyramids, each of which has its own set of deviations,
losses of control and a range of damage resulting from its own damage process.
However, he posits that such a pyramid would only hold true for similar sequences
and therefore similar work types. Hale does not expound upon what would
constitute a similar sequence. Before this hypothesis could be tested it would be

necessary to identify what constitutes a similar sequence or type of activity. e.g.
similar duties such as train driving, signalling, maintenance work or similarities in
terms of types of event, such as Signal Passed at Danger, Controlled Flight Into

Terrain (CFIT) or Loss of Containment Accident (LOCA).
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Figure 5: A new pyramid to link major and minor accidents (after Hale 2000)

As can be seen from Figure 5, only a small number of events will progress onto the
most severe consequence level, while others have the potential to become major and
minor incidents. The majority of events remain at the level of near miss via timely
detection, recovery or barriers. While Hale’s pyramid model refines the original

work done by Heinrich and Bird, it has not as yet been tested. The similar cause

hypothesis for the iceberg model has also not been fully or properly tested.

However, despite the objections to the common cause hypothesis Peterson and Hale
still believe that the collection and analysis of small scale events will lead to more
efficient and safe operations especially where the minor events have the potential for
being serious. Where a minor event has the potential for being serious it would

suggest that a continuum of the event would lead to a serious injury and that
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therefore at least some underlying and contributing causes were the same. It also
suggests that some form of recc;very has prevented a minor event from progressing to
the stage where it becomes a fully-fledged accident. This of course has implications
not onlsr for the common cause model (which would need to be adapted to take into

account that only some near misses have the potential for becoming more serious),

but also for incident reporting schemes.

A problem for reporting schemes therefore lies in how to decide which reports have
the potential to become more serious: should the reporter be depended upon, or an
internal/ external expert. In the CIRAS reporting system (described in chapter 3) it
was decided to have the reporter rate the potential consequences of the incident being
reported. This however resulted in one third of reported incidents having the
potential for a fatality. There are two possible reasons for this. Firstly, the reporters
may want their reports to be taken seriously and so exaggerate the potential
consequences. Secondly, reporters might discuss the potential consequences in terms

of a worst case scenario (e.g. all possible failures occurring together). A severity

and frequency rating was developed for use by the administrators of the system, but

this proved to be unreliable and subject to individual bias and understanding.

If the potential for more serious consequences is to become a factor in determining

similar causal patterns and events upon which action should be taken, clear guidance
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needs to designed and presented. For example, in the railway industry the potential
for a more serious event 1s bas‘ed ultimately upon the location of the incident rather
the causal factors. A SPAD (Signal Passed at Danger) can occur at many different
locatio;ls — where there are no conflicting movements possible due to track layout or
catch points the incident is recorded as having no potential for damage or fatality.
However, the causes of such a SPAD may be the same as the causes of another
SPAD at a different location which is not fitted with catch points. This is of course a
complicated issue and requires clarity regarding what constitutes a potentially more

serious event.

1.4 Common cause hypothesis testing — a critical evaluation of current research
A review of the literature reveals only a handful of studies that claim to have

attempted to test the common cause hypothesis. Furthermore, the majority of these
have taken as a starting point a confounded view of the iceberg model; that is, they
have confused the two dimensions of severity and frequency with causality, leading
to conclusions which are not supported by the type of data used in the research. A
further problem of comparing different studies has been highlighted by Lortie et al-
(1999). They examined the variables retained and descriptors used by accident
studies published during the years 1986 — 1995. They found 72 papers from which
37 of the articles concentrated on the analysis of accident circumstances. However,

despite such a large number of studies, they conclude that accident data are not
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systematically collected, have no similar frame of reference and appear to have
evolved in an idiosyncratic maﬁner. Such differences between accident data result in
difficulties in comparing between studies. Further they conclude that the analysis of
data focussed on the accident circumstances and rarely centred on data relating to
activity, work site, causes or incidents. Such a focus is far from that favoured in
accident causation models. Obviously, this prevents a valid testing of, or
conclusions to be drawn about the common cause hypothesis. In section 1.4.2 a
number of studies are discussed with reference to the type of data used and the

relationship of the conclusions to the data.

1.4.1 A confounded view
From the discussion already presented in this first chapter, it is apparent that

frequency, severity and causal mechanism have become inextricably linked (Heinrch
op cit; Petersen op cit). It appears that researchers have confused the causes of
severity and frequency with the causes of accidents and incidents. Thus, if a ratio is
established, and the data follow the pattern of the ratio found by Heinrich or Bird, it

Is suggested that the similar cause hypothesis is validated. Where the ratio is‘
invalidated i.e. severe incidents do not occur at the expected frequency when
compared with minor or no injury incidents, the similar cause hyf)othesis IS
discounted. These positions fail to take into account the fact that the ratio model

(whether validated or not) has no bearing on the similar cause hypothesis. A valid
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test of the common cause hypothesis should use causal patterns and not ratio data.
Such a test should be determined by using data that has been analysed for causal

factors and not be based simply on frequencies of accident types.: Causality has no

bearing on the ratio relationship propounded by the iceberg model and vice versa.

Despite the many studies that have ratified the ratio model (e.g. Bird 1966, Skiba
1985), there has been no attempt to link the ratios to causal mechanisms, in terms of
the underlying causal pathways related to incidents and accidents. The triangles
discussed previously suggest that exposure i.e. frequency and severity are related,
but do not make any claims about causality in a broader sense. Subsequently, using
ratio models to either support or reject a similar cause mechanism or pathway is

based on a confounded view of the iceberg / triangle models and is not valid.

1.4.2 Empirical evidence evaluated

This section describes a number of studies that have made conclusions about the

common cause hypothesis. Despite an extensive literature search only a handful of
studies could be found which claimed to have empirically tested the hypothesis. As
will be demonstrated in the following discussion, very few of the studies reported
have actually tested the common cause hypothesis, although they have been used

subsequently by various authors (e.g. Hale 2000) to refute the hypothesis. Some

have concentrated on the ratio relationship between near misses, injuries and more
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serious consequences, an assumption which rests upon a confounded view of the

common cause hypothesis. Others, have understood the distinction between
frequency and severity versus causality, but have failed to use data that is appropriate
to causes. Traffic conflict studies especially have provided mainly anecdotal
evidence that can be used to support or refute the hypothesis — these will be
discussed in section 1.4.2.3. Finally, those studies that have used data that is
appropriate to test the hypothesis have failed to describe the data adequately and
provide transparency as to how statistics were applied. As a result, no firm
conclusions can be reached regardiﬁg the validity and applicability of the common
cause hypothesis. The studies are presented below according to the type of data used
i.e. inappropriate and appropriate data. It is important that this distinction is made

and demonstrated by recourse to the data as many objections to the common cause

hypothesis are based upon inappropriately conducted studies.

1.4.2.1 Ratio data studies

Two studies are described here which used frequency data and the invalidation of a

ratio relationship to conclude that the common cause hypothesis was not valid.
In a 1998 study by Saloniemi & Oksanen the relationship between fatal accidents in

the workplace and macrostructures of production life in Finland were examined. The

central question of the research was to determine how business cycles are related to
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fatal accidents. Accordingly, manufacturing and construction industries were
chosen. However, a subsidiary question was also asked of the data: “are the causal

chains behind fatal and non-fatal accidents identical or different?”. Re-stated, the

authors suggest this was an empirical test of the common-cause theory.

The data used in this study consisted of the following information for both
manufacturing and construction: fatality rate and number of fatal accidents; accident
frequency; number of wage earners; working hours and unemployment rate. For the
construction industry only, the nulﬁber of cubic metres under construction was also
iIncluded. Using these data, the authors conclude that there is no support for a pro-
cyclic relationship between accidents and economic activity. However, one surprise

finding was that declining production (in cubic metres under construction) was

followed by an increase in the fatality rate. The authors used this finding to suggest

that their study does not corroborate the common cause hypothesis.  Specifically

they state “the results are consistent with earlier findings which emphasise the
specific nature of fatal accidents, their own distinctive logic and their own causes”.
What this actually shows is that the iceberg model (in terms of ratios of minor to
major accidents) is not validated for the construction industry under specific
conditions (i.e. decline in metres under construction). This says nothing about
similar or dis-similar causes of either fatalities or accidents. It would appear that the

authors have confused causal pathways with the ratio produced by the iceberg model.
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As the construction industry does not fit the view of the triangle shaped ratio model,
the authors conclude that this is evidence of differential causal mechanisms. Such a
confounded view which inter-relates causal mechanisms and ratio data leads to
conclusions regarding underlying causes that cannot possibly come from data on
number of accidents and variables relating to economics (i.e. number of wage
earners and number of hours worked). Saloniemi and Oksanen state that the risk of
accidents is twice as high among non-skilled workers as anioﬂg carpenters. However,
carpenters have distinctly more accidents requiring one month or more sick leave
(they go on to suggest that this may be due to labour market resources 1.e. carpenters
are more likely to be able to afford longer sick periods). So having deduced that the
ratios for these different types of workers do not fit the original pattern displayed in
the iceberg models, they conclude that different causes must underlie non-serious,
serious and fatal accidents. Interestingly, they also conclude their paper with the
following sentence, “the statistical material used in this study is limited and could
hardly have provided any conclusive solution either to the problem of the causation

of different kinds of accidents or...”. Indeed, the statistical material used for this

study cannot provide any insight into the causal patterns involved in major and minor
accidents. The data can only point to discrepancies or problems associated with the

original ratio idea proposed by the iceberg style studies, and not to underlying causal

mechanisms.
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Tinline & Wright (1993) analysed loss of containment accidents and lost time
Incidents in chemical plants and showed there was no correlation between the
occurrence of the two within or between companies. Again, such research is based
on the ratio assumption of the iceberg model and not on the actual causes of the
incidents. The two are not related: from the frequency data presented there can be no

claims made about causal mechanisms.

1.4.2.2. Causal data studies

This section describes research which has attempted to test the hypothesis using data

based on causes of accidents.

A study by Williamson, Feyer & Cairns (1996) compared the causes of fatalities (i.e.
one level of the iceberg model) across all industrial groups in Australia. In order to
test the various causal mechanisms of fatalities, up to three precursor events and
contributing factors were assigned to each fatality, using a classification system.
Analysis of the data showed remarkable similarities across all industry types with

two thirds of all fatalities being described by only four combinations of precursor
events and contributing factors. Although this study researched only the top level of

the Heinrich/ Bird triangle models (fatalities), it does provide evidence for similar

causal mechanisms at that level of the pyramid. Unfortunately the study was not

expanded to include other levels of the pyramid, and so no conclusions can be made
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about similar causal pathways from the bottom to the top of the iceberg i.e. between

near misses, serious accidents and fatalities.

Shannon and Manning (1980) concluded that lost time accidents and non-lost time
accidents resulted from very different causes. This conclusion was based on the
comparison of 2, 428 accidents reported by employees of the Ford Motor Company
at Halewood, England. The accident causes were assigned by the employees and
then a sample was randomly validated by Safety Engineers. In 42 of 56 cases, the
Safety Engineers agreed with the employee’s assessment of cause. The actual
causes are not described in the paper nor are they compared. The authors have
compared the number of events which preceded the accident with the distribution of
accidents in lost time and non-lost time categories. In fact they state that the number
of accidents and differences in absolute numbers of preceding events leading to lost
time and non-lost time accidents are sufficiently large for normal statistical tests to
be unnecessary. It is clear that the authors have not compared causes and so the

conclusions regarding the common cause hypothesis are not valid.

Lozada-Larsen & Laughery (1987) lend their support to the common causation
hypothesis, citing their study of 7, 131 employee accidents as definitive proof that
identical patterns of causation occur across the various severity levels. The paper

clearly differentiates between major and minor injury accidents, although near
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misses are not included in the analyses. The paper clearly states that the identical
causation hypothesis is tested and then goes on to describe the data used. These
were 6, 435 minor injuries which were compared with 408 majof injuries: all were
extracted from 5 years of accident data extracted from the records held by Shell Oils,

Deer Park, Texas. The data appear to have been coded by the company and there are

no inter-rater reliability details.

The first test of the hypothesis examined the frequencies of various activities that
were taking place prior to the accident occurring. Such activities included:
assembling/ disassembling equipment, handling, moving materials, and manually

operating valve, among others. The results are presented in Table 4 below:

Activity prior to accident Major injury accidents Minor injury accidents
equipment

Handling — moving materials

Table 4: Most frequent prior activities for major and minor accidents after Lozada-Larsen &
Laughery (1987)

The authors state that the above results “indicate qualified support for the identical
causation hypothesis”. However, while such data provides an interesting insight into

the type of activities taking place prior to both major and minor injury accidents it is
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irrelevant as it does not shed light on causal mechanisms. For example “handling
materials” is not the cause of an injury, but the way in which the materials were
handled, or the procedures relating to the way in which the r_né.terials should be
handled and other circumstances surrounding the handling of materials is the cause.
The authors have failed to understand the difference between the cause of an event

and what activity was taking place when the event occurred.

This first ‘test’ of the hypothesis was followed by comparing “accident events” and

“incident events” for both major and minor injury accidents. Again the authors
conclude the results (which show a similar distribution of percentages across the two
groups provides support for the identical causation hypothesis). However, once
again these data are not valid to test the hypothesis. These data included variables
such as “impact with object”, “material noncontainment”, “caught between”, “cut
by” and others. Heinrich is clear that the event resulting in an injury is not the cause
of the accident: “Impact with object” is the cause of the injury sustained, but is not
the cause of the accident or event that caused the impact. Such data are not causal

explanations but descriptions of the injury event. While this study may provide
useful information for the industry concerned on the type of accidents occurring

during which normal, routine activities it is not a valid test of the common cause

hypothesis.
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Salminen et al (1992) improve upon previous studies which claim to have tested the
similar cause hypothesis. They have clearly identified the problems inherent in
previous studies thus “the hypotheses have been examined by comparing the types of
accidents which do not necessarily describe the causation of accidents”. While this
study shows promise and progresses beyond identifying and comparing types of
accidents, it provides a rather loose classification of “accident factors™ and still failed
to compare the combinations of causes present in serious and fatal accidents. There
was also no comparison of fatalities and serious accidents with near misses.
However, if the hypothesis is valid the same set of causes should be present between
the three different levels of the pyramid and so this should not have any effect on the

results.

Salminen et al (1992) found that their study did not support a similar cause
hypothesis for serious accidents and fatalities. The study focuses on the differences
(or similarities) in 99 serious accidents, of which 20 were fatalities; hence 20
fatalities were compared with 79 non-fatal accidents. Accident factors (assumed to
be the causal mechanisms) were assigned to each accident, from a possible 14
factors; with an average of 12 assigned to each accident. The consensus between
two independent raters was 79%. A Kolmogorov-Smirnov test was performed
between the two groups which revealed statistically significant differences (p<0.05).

in the distribution of the 14 factors between the two groups. Thus the conclusion was
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that the common cause hypothesis was disproved. However, this only demonstrates
that more or less causes were involved in the different outcomes of fatal and non-
fatal accidents: the authors failed to perform any analysis on the relative proportions
of factors assigned to the accidents. The table below provides a summary of the

categories and the percentages of each factor associated with the different level of
event. It can be seen that the non-fatal and fatal accidents differ on only a few of the

accident factors.

Accident factor Fatal accidents (n=273) Non-fatal accidents
Y% (n=916)
%

danger

Workhabt o
Other factors relaed tovieam [ 101
Coworkers |71 g
Foremenorcowstomers |1 |3
“Organisation factors_______ [ 11 7
Wm——r—
“Technical shortcomings |8 o
Workspace |8 1§ ——————————
Tools w55
Handing of materials |11 g
i
Weather 3 |y
Other |13

Table 5: Distribution of accident factors in fatal and non-fatal accidents (after Salminen et al
(1992)

There are a number of criticisms that are relevant to this research. Firstly, the 14
accident factors used for the study appear to be an amalgamation of contributing

causal factors (e.g. work habits, insufficient planning), situations outwith the control

of employees (e.g. weather, workspace), and subjective measures (e.g. perceiving
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and recognising danger). As such it is unclear whether the authors are clearly
identifying and testing causal ;;attems. Secondly, it is disappointing that no analysis
was performed at the level of individual causes to determine where the differences
between serious accidents and fatalities may lie. Thirdly, the criteria for inclusion in
the category ‘serious accident’ perhaps requires to be more specific — the authors
state that “all accidents...were classified as serious including the situations in which
the possibility of a serious accident was obvious”. Thus non-serious consequences
were included in the ‘serious’ category if they had the potential to become serious:
there is no information on how this distinction was made. This approach would
appear to be amalgamating the bottom layers of the triangle and comparing them
against only the fatalities. As these accidents were obtained from all serious

occupational accidents in Southern Finland it is unclear whether certain industries
are over-represented in either of the samples, and indeed the authors do not discuss

the issue of the types of industry represented in the fatalities or serious accident

categories.

These objections notwithstanding, this research is obviously important as the authors
have clearly differentiated between the similar cause hypothesis and the ratio

relationship posited by the iceberg studies.
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Kaplan, Battles & Mercer (1998) present data extracted from MERS-TM (the
Medical Event Reporting System for Tranfusion Medicine). This is a confidential
reporting system for failures that occur during the process of obtaining and
transﬁlging blood and blood products. Incidents are categorised according to a
taxonomy that includes Technical, Human and Organisational failures\; Within each
of these major categories there are a number of more detailed codes. The data
presented however, only relate to the higher-order catego'riss. Reported events are

divided into actual events and near misses. Severity levels are applied to both types

of event: for actual events the severity level is a reflection of the actual consequence,
and for near misses it is a reflection of the potential severity had the incident not
been recovered, halted or detected. A number of permutations of causes by event
category and severity level were compared using chi-square analysis. A rather
conservative significance level of 0.001 was selected. A total of 371 reported events

were analysed as part of the study. Results are summarised in Table 6 below.

Near misses compared with
actual events

N.S

Severity level (actual and
otential

Level 1 (fatality or serious
outcome

Level 2 (Minor and transient
inju

Level 3 (No ill effects)

N.S

P<0.001

Table 6: Results of MERS-TM analysis (adapted from Kaplan et al, 1998)
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These results appear to be based on all categories of cause being combined, as no
deeper analysis was performed to determine where the differences in terms of
Technical, Human and Organisational category occurred. Kaplan et al (op cit)
appear 'to have performed a comparison of near misses and actual events without
taking severity level (actual and potential) into consideration and this was reported as
being significant although no statistics or details were provided. There was no
attempt to determine if differences occurred at the various levels of cause comprising
the Technical, Human and Organisational categories. The authors conclude that the
data support the conclusion that actual events and near misses share the same causal
factors when analysing the more serious (actual or potential) events. This seems to
lend some support for Hale’s theory (section 1.3.1) which states that the more
potentially serious near misses are the most important in terms of prevention. This
study is a major step closer to testing the common cause hypothesis. It must
however remain inconclusive as the data are not fully described, there is no deeper
analysis performed and the results are based on a rather conservative estimate of

significance (0.001).

Wright (2000) con;pared the causes of near misses and unsafe acts as reported to the
railway confidential reporting system called CIRAS (Confidential Incident Reporting
and Analysis System). Causes were assigned according to the CIRAS taxonomy

which is fully described in chapter 3. The results showed some differences in terms
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of Technical and Organisational causes between the two groups. It was concluded
that the two groups studied and the results were insufficient to provide any

conclusive evidence to either support or reject the common cause hypothesis.

1.4.2.3 Traffic conflict studies
Traffic accident rates and conflict studies have been used by a number of authors
(Hyden 1987, Hale 2000, Brown 1991) to both support anhd call the common cause

hypothesis into doubt. These studies however, have not focussed on testing the

hypothesis per se and the data reported does not support the conclusions which have
been drawn from them. In terms of road traffic accidents and near misses, Hyden
(1987) suggested that near misses and actual crashes could be viewed as a
continuum, as the processes involved in near misses were often similar to those
resulting in a crash. However, there is little more than anecdotal evidence to support
this in traffic conflict studies. van der Horst (1991) has established that a TTC (time
to collision) of 1.5s distinguishes well between normal and critical behaviour of road
users. Hale (2000) takes this as evidence of different causes between accidents and

near misses. However, van der Horst makes no claims about causality, he merely
states that studying near misses (in terms of traffic conflicts) may help shed light on
the differences between near misses and actual accidents. The results of the traffic
conflict observations were not compared to actual accident data, and hence no

conclusions can be drawn as regards the common cause hypothesis. Brown (1991)
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did compare observations of traffic with actual accident data for the same location.

However, the research was not specifically focussed on the common cause
hypothesis and so presents only a’limited discussion of some differences found
l:;etween near miss occurences and actual crashes. For example a total of 665
conflicts observed over a three day period were compared to 378 actual crashes In
the previous five year period. The frequency of occurrence of different types of
conflict (e.g. conflicts at ramp, right hand turn at ramp) were compared to the

frequency of occurrence of actual accidents that occurred during similar types of

movement. Accident records showed 142 left hand turn crashes while the
researchers observed very few conflicts (actual number not provided). The author
concludes that there are differences between near misses and actual crashes based on
this and other similar findings. However, once again, this is the use of frequency
data and not causal data. Traffic conflict studies could present a good opportunity to
test the validity of the common cause hypothesis, but to date the data have not been
used for this purpose, and so any conclusions based on such studies must remain

tentative at best.

Traffic conflict studies may have implications for the railway industry. Similar
studies could be performed using data from train data recorders, which could provide

the industry with information on the critical time for when a SPAD will occur and
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cannot be avoided. Such information could also be used to determine successful

versus non-successful recoveries from missing signals or failing to react to signals.

1.4.3 A summary of the empirical common cause studies

It is clear from section 1.4 above that the common cause hypothesis is yet to be
comprehensively tested. For the sake of clarity the following table provides an
overview of the various papers discussed above, and presénts the type of data used,

whether the authors confused causality and the existence of an observable ratio

between minor and major incidents and the conclusions reached.

Reference | Type of data

used

Saloniemi | Frequencydata | Yes Yes. Confuses ratio of | Asratios not in agreement
& Oksanen | for major and minor to major with original iceberg
(1998) minor accidents incidents as being the theory, concluded that

in same as causal different causal

manufacturing mechanisms of major mechanisms present

and and minor incidents. between major and minor

construction accidents.

industries.
Lozada- Frequency data | Yes Yes. Basic Supports similar cause
Larsen & Comparison of misunderstanding of hypothesis, as similar
{.aughery the type of what constitutes tasks were undertaken in
(1997). activity taking causality. Confusion the various categories

place prior to over activity being prior to incidents

accident performed prior to occurring.

occurring e.g. incident and causes of

during incident.

manufacture.
Tineline & | Frequencydata | Yes Yes. Confuses ratio As ratios not in agreement

Wright,
(1993)

comparing the

occurrence of
lost time

Confounded view of
the iceberg model

Claims
re

causality
(yes or

data for causal data.

Conclusions

with original iceberg
theory, concluded that
different causal
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accidents and
loss of

containment
accidents

Data classified
according to
taxonomy of
causes. Only
for fatalities, all
industrial types.

Number of
accident events
assigned to non-
lost time and
lost time
accidents as
assigned by
victim.
Accident events
are not
described -
unable to
determine if
appropriate
causal data
Finnish
accident
research model
of 14 factors
applied to 20
fatalities and 79
serious
accidents.

Williamson
, Feyer &

Yes, only | No.
for
fatalities.

Cairns
(1996)

Shannon &
Manning
(1980)

Yes

Yes.

Salminen, Yes
Saari,
Saarela &

Rasanen
(1992)

No, although to cover
all bases, the paper also
examines accident type
(e.g. struck by object)
and part of body

injured.

Yes

Causal factors No

according to the
classification of
MERS-TM:
Technical,
Human and
Organisational
factors for near
misses and
actual events.

Causal factors
according to
CIRAS:
Technical,
Proximal,

Kaplan,
Battles &
Mercer
(1998)

Wright
(2000)

)

mechanisms present
between major and minor

Similar causes for all
fatalities.

As differences observed
between the number of
accident events assigned
to the consequence (lost
time or non-lost time)

concluded different
causes.

Results support Petersen’s
different causation
hypothesis more than
identical causation
hypothesis, based on
Kolmogorov-Smirnov test
comparing distributions
1.¢. the number of causes
assigned to the different
levels of severi

Authors’ state this data
supports the common
cause hypothesis - but
only under certain
severity conditions.

Conservative significance
level chosen.

Results based on
preliminary analysis of
data and comparison
graphically. Differences
noted between Technical
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Intermediate
and Distal for

and Organisational causes
between the near misses

near misses and and unsafe acts.

unsafe acts.
Table 7: A review of the literature on causality claims

From the table above it can be seen that an adequate test of the common cause
hypothesis has not yet been performed. Further, there are obvious limitations in a

number of the studies (in terms of data used and a clear understanding of the

hypothesis). An adequate test of the common cause hypothesis involves comparing

the relative contributions of the various causes to the incident consequences.

1.5 Summary and conclusions

This chapter has provided an overview of the genesis of the common cause
hypothesis and discussed the controversy that still exists today. Despite the lack of
definitive research many authors have strong opinions on the relevance of a common
causal pathway for near misses, injuries and more serious accidents. A discussion of
the supporting evidence was provided. The chapter concluded with a review of the

current literature available on testing the common cause hypothesis.

It was demonstrated that the studies so far have failed to grasp the difference

between causal relationships and ratio relationships and were basing results on a

confounded view of the iceberg model. Furthermore, those studies which have
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recognised this problem have failed to test the hypothesis in a satisfactory way: i.e.

comparing causal mechanisms of the various levels of the iceberg.

The préblems of the comparison of accident and incident data were described. It is
apparent that industry, researchers and safety practitioners have failed to collect data
of a standard or similar type. This has resulted in a variety of data types (accident
events, precursor events, preceding event, injury type, injury cause and event causes)

that exclude the possibility of comparing data sets across industries. Common data

standards between industries or at ieast across industry types (such as the railway
industry, the petro-chemical industry) would lead to meaningful comparisons of data
sets across or between industries. This lack of standardisation of terminology and
data collection also leads to confusion in the interpretation of results in general, and
in particular has led to a lack of understanding regarding what constitutes a valid and
reliable test of the common cause hypothesis. Researchers and those in industry
should clearly define the terms they are using, the data they have collected and fully

report the basis for their analysis.

It is concluded that the common cause hypothesis has not as yet been adequately

tested and that such a test to be described in this thesis is both relevant and
important. A valid test of the common cause hypothesis involves an analytical

approach to the problem (as described in this chapter), followed by developing a
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method by which to test the hypothesis, the development of a system to collect the
data, appropriate analysis of the data and finally a comparison of the relative
contributions of causal factors (the proportions of the various causes) that result in

different levels of consequence. The method is described in the following chapters.

The validity (or refuting) of the common cause hypothesis has major implications for
accident prevention and analysis. If the different levels of severity really do have
completely different patterns of causes, then industry has been concentrating on
levels of severity (near misses, small failures) which will have little impact on the
frequency of accidents which cause the greatest injuries. On the other hand, if

common causal pathways can be demonstrated then a concerted effort is required to

collect appropriate data and to ensure that causal analysis techniques become more

widespread.
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Chapter 2 Accident analysis and the use of taxonomies

2 Event analysis - purposes and methods

This chapter begins with an e:;camination of the purposes of accident and incident
analysis, and discusses the differences between two main approaches: the traditional,
ju.dicial approach and the organisational learning approach to event analysis. No
matter the purpose of the event investigation and analysis, analysts and investigators
will hold a view of the nature of causality and the way in which an accident or
incident is propagated. Therefore this chapter also briefly introduces various
accident models before moving onto the methods which are used to analyse events.
The role of taxonomic approaches is discussed and the minimal requirements of such
a classification system for accidents and incidents is proposed. Finally, the problems
associated with accident and incident investigation and taxonomic classification

systems are discussed.

2.1 The goals of accident/ incident analysis

For many, the goals of accident analysis are clear: the accident is investigated in
order to determine the causes, and then, prevention measures are derived which
should prevent future accidents from occurring (Heinrich 1931, 1980; Bird 1976;

Ferry 1988). However, prevention and reduction of risk is not always the aim of

accident analysis. There are many reasons for companies and investigators to

perform accident analysis: these may be to satisfy regulators; to determine
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responsibility, blame and liability; to satisfy insurers that all that could be done to
prevent the incident had been done; to understand why the event happened or to
make improvements based on the causes of incidents i.e. to learn from past failures.
Benner (2000) identified 44 different reasons for performing accident analysis based
on discussions with investigators, such as to support civil litigation, establish
liability, settle compensation claims, find and prosecute violations, determine causes
and prevent accidents. These differing and often conflicting goals result in different
types and levels of analysis being performed. The two main goals of accident
analysis, namely apportioning blamé and determining causes in order to learn from

them are discussed in the following sections.

2.1.2 Traditional approaches

In a traditional judicial approach (Hale, 1997) the objectives of event analysis are to
point the finger of blame at one individual or a group of individuals who failed to
perform their duties correctly, or who were negligent. Such an approach is
epitomised in the public inquiries which feature in the British response to disasters
and are becoming more prevalent when disasters occur on the UK railway‘
infrastructure (e.g. Fennell Inquiry, 1988; Hidden Inquiry,1989). The purpose of
accident investigation and analysis in this model is to uncover the chain of events
leading to the incident and to determine where the duty of care was breached. It is

assumed that all parties involved in the accident had a duty of care (as individuals or
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companies) to protect customers or users of the system against injury and damage.
Therefore when injury or damage does occur, this duty has not been fulfilled by one
or all of the parties involved, and so the judicial approach wili determine where
blame and responsibility (and therefore compensation) lies. Until recent times, the
focus of inquiries tended to be aimed at finding responsible individuals, although for
the last few decades emphasis has also been placed on the organisational failings
(Reason 1997) as well as the role played by individuals in the accident. The aims
and shortcomings of the judicial approach are highlighted by Svenson et al (1999) by
reference to a Swedish court case (Lundberg, 1992) in which three patients
undergoing kidney dialysis died. The result of the court case was that one
individual, the senior nurse, was found responsible for the deaths and subsequently
given a suspended prison sentence. Svenson et al (op cit) contend that within the
legal framework, the simplest form of accident analysis was performed (accident
resulted from single cause). The resulting action to prevent a similar incident from
occurring in the above scenario was to remove the nurse. However, in a complex
socio-technical system such as the renal unit where there were design failings
(emergency stop and alarms on the dialysis machines were the same), they suggest.
that the finding of one cause does not adequately explain how the accident happened.
In order to test this hypothesis, Svenson and his colleagues later compared the legal
anaylsis with analyses of psychology experts and engineering experts. The results

showed that the legal analysis was the least comprehensive. The analyses performed
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by both psychologists and engineers found that 74% and 63% respectively attributed
responsibility to agents other than the nurse. Further the psychology experts found a
mean of 9 errors while the engineering experts found a mean of 9.95 errors (in both
sets technical and human factors errors were found). This far exceeds the number of
errors found by the original judicial inqﬁiry; which found one individual responsible
and only her errors. Svenson et al (op cit) use these findings to argue that the legal
framework can be inefficient or even counter-productive in promoting improvements

to the safety of complex integrated systems. Baram (1997) also suggests that

regulatory and legal approaches result in defensive management attitudes and little
organisational learning due to decreased motivation for employees to make reports
(due to shame, blame and liability) and the company being concerned only with

penalties and liabilities rather than learning from incidents.

Another aspect of the traditional approach is that it tackles each accident as a
separate entity and does not require a structured approach to accident analysis in
terms of a methodology. Each accident is analysed individually and there may be no

commonalities between different inquiries in terms of method of analysis and
investigation. The aim is not to aid the organisation in better safety performance,
rather the objectives are to determine the specifics of the particular case, to apportion

blame and sometimes also to aid prevention of a future recurrence of the same

accident.
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Such an approach may well identify some causes of a particular accident, but
whether it aids organisational 'learning remains a matter of conjecture. Rosenthal
(1997) suggests that there is no easy answer to the ciuestion “Is the goal of using
accident event analysis to gather information aimed at improving process safety
regulatory and safety management systems compatible with the legal system’s goal
of establishing possible corporate responsibility as a basis for corporate punishment

and victim compensation?” (Hale, Wilpert and Frietag (eds) 1997 pp179).

While this thesis is not concerned with the traditional judicial approach per se, data
from formal company inquiries have  been used, and it is therefore important to
understand the different goals between an inquiry approach and that of an
organisational learning approach. That is not to say that organisational learning
cannot take place following a formal inquiry, however formal inquiries are based on
individual cases and fulfill a multitude of purposes: apportioning blame; satisfying

the regulators and preventing the same accident from happening again.

2.1.3 Organisational learning and safety improvement

The alternative approach to event analysis is that of learning from failures and
making improvements. The focus of event analysis is not on finding inaividuals to
blame but identifying why humans, equipment or systems failed and taking measures

to prevent a future recurrence of events caused by the same factors. Wagenaar and
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van der Schrier (1997) are clear that the only meaningful objective of accident
analysis is to prevent future accidents. Given that the aim is prevention, then it is
clear that the analysis method should systematically uncover the systemic causes of
the accident and result ultimately in a list of aspects of the operation that can be
changed. Wagenaar and van der Schrier (op cit) clearly identify the range of causes
that should be included in the analysis thus: “...causes that existed not only at the
specific time of the accident but had existed for a longer period, that remain present
after the accident, and that have the power to contribute in a significant manner to

future accidents” i.e. both active and latent failures (Reason 1990).

Van der Schaaf (1991) outlines three purposes behind the organisational learning

approach:

. Modelling and learning about new failure modes

Within this objective, van der Schaaf suggests that the specific goal is to “identify
likely factors or system elements” qualitatively in order to identify precursors of
future accidents. From this qualitative insight there are two ways to reduce the
likelihood of future incidents and accidents. Firstly by eliminating error-inducing
factors, and secondly by introducing or strengthening recovery-promoting factors.
Recovery factors are those factors which contribute to a full or partial recovery of a

situation after an error or failure has occurred, and so prevent or reduce the negative
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consequences of the error or failure. In order for successful recovery actions to be
strengthened, they must be identifiable and part of the modelling process (see Van
der Schaaf 1988: van der Schaaf and Kanse 2000 for a detailed explanation).
Further, he suggests that another type of qualitative insight may be the identification
of new or unusual combinations of factors which resulted in an incident or accident.
As new types of events are always possible (often what we fail to predict does
happen), this means that the set of possible accident scenarios is increased.

However, a completely pre-coded system is unlikely to be able to include such
events. This is not unrealistic — no taxonomic system can possibly list all possible

failure modes. This type of analysis then supplements the pre-coded system.

2. Monitoring the frequency of known failures

This objective requires pattern recognition across a number of minor accidents or of
more major accidents into pre-coded categories. Using such a system it is possible to
determine which factors or combinations of factors occur most frequently. This
would then form the basis for a rational decision making process on where to

concentrate resources in an attempt to improve safety in the most efficient way. If
such a system were also linked to actions undertaken, then the effectiveness of
interventions could also be monitored i.e. has the intervention led to a decrease in the

particular factors they were aimed at?

63



3. Maintain alertness and motivate staff
Descriptions of past events can be used for training and discussion purposes, and for

safety promotion campaigns.

These three objectives can be realised using a variety of methods for collecting and
analysing data. Van der Schaaf (op cit) suggests seven steps or modules which
provide the building blocks for designing a near miss management system (see

Chapter 3). However, the same steps can be used to describe the modules necessary
for a successful event reporting and analysis system that aims to process actual

accidents and incidents and not only near misses.

The problems and choices to be made concerning the detection of relevant events
and the type of data to select are discussed elsewhere (see for example Hale, Wilpert
& Freitag eds. 1997). While these problems are acknowledged, they are not central

to a discussion on the method selected to analyse events. However, these issues will

be re-visited in Chapter 3 (Near miss reporting systems) and Chapter 4 (The CIRAS

system).
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2.2 Accident causation models
The analysis, classification and coding of event data is usually based upon a model
of accident causation and / or a theory of behaviour. This section will discuss a

number of theories of accident causation and relate them to different analysis

methods.

Accident causation models have evolved from the most basic one-cause model, to
the complex interaction of the organisational accident. Both accident causation
theories and accident investigation methodologies have implications for how deeply
an event will be analysed, for how far back in time the analysis proceeds, when the
analysis stops (a stopping rule) and for the number and type of corrective actions that
will be suggested. Many accident causation models exist. Benner (1985) examined
and rated 14 accident models and 17 accident investigation methodologies used by
U.S. government agencies. The models identified ranged from the single cause
model to the events process model and the energy flow model. Benner (op cit) was
of the opinion that the basic underlying philosophy of accident causation would
affect the type of analysis and investigation technique adopted. Although he rated'
the different types of accident models he did not fully describe the models. Further
the rating of the models was subjective. Benner states that this could be improved

upon and should be performed in order to recommend the most appropriate models

and ensure standardisation in accident analysis.
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Hoyos and Zimolong (1988) provide an overview of analytical frameworks for
accident causation and the co&esponding investigation methods. They identify four
main approaches: systems theory; sequential models; integrative models; and the
epidemiological approach. Subsumed within each of these four approaches lie
numerous accident causation models and classification techniques: a brief
description of the salient points of the various accident models will be highlighted

here and a selection of the methodologies will be introduced.

According to systems theory an accident results from a defect in parts of a system or
the interaction between them. Within the systems theory approach there are a variety
of sub-theories e.g. systems ergonomics emphasises the man-machine-environment
taxonomy (e.g. Fault Tree Analysis, Meister, 1971), while the industrial engineering
systems view focuses on the control of the production process from a management
view (e.g. MORT [Management Oversight and Risk Tree] , Johnson 1975, Adams
1976). In Fault Tree Analysis the accident or failure itself is the beginning of the

analysis. A logic tree is then constructed to show the relationship that may occur

between faults in the system.

Sequential models view accidents as a sequence or chain of events. Heinrich’s 1959
Domino Theory is a good example of such a model of accident causation. An

accident will be prevented if one of the dominoes can be removed and thus prevent
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the rest from falling and therefore completing the sequence. Sequential analysis is
performed in order to determine which of the five dominoes — ancestry, social
environment, fault of person, unsafe act or unsafe condition — need to be removed.
A description of the accident sequence is the starting point for identifying the
situation that can explain why the incident happened.

The integrative models are a combination of the human and machine constituents.
These are combined to form an action taking into account information processing.
The action performed may result in adaptation resulting in system homeostasis or in
maladaptation resulting in a disruption to the system. Such system deviations are the
beginning of the accident. Kjellen (1984) called this the deviation concept.
Accidents are seen as a combination of the factors of the man-machine system i.e.

technical, organisation, social, economic and individual.

A study by Andersson and Menckel (1995) identified eleven conceptually different
models. The models ranged from the simplistic to the complicated and all had in
common three main dimensions of time, level and direction. These theories were

related to the epidemiological approach and the interaction between host, agent and
environment, and mainly focussed on the issue of primary, secondary and tertiary

prevention methodologies.
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Whatever philosophical approach is used to define accident causation, it is clear that
within all of these models, causation can range from the simplistic to the complex.
Benner (2000) proposes that accident perceptions with their associated theories
include the following: the single event perception and one cause theory; chain events
perception and domino theory; the determinant variable perception and factorial
theory; the multi-linear events sequences perception and process theory. Svenson
(1999) similarly suggests the following four main ways of looking at accident

causation:

One cause model

At the simplest level the view of accident causation is one cause leading to an
accident (see Figure 6). In such a model therefore, analysis ends when one cause
(usually the one immediately preceding the accident) is identified. Removal of this
cause will prevent a recurrence of the event, assuming sole and sufficient cause.
From a legal perspective this model is attractive because it focuses on only one cause

and this makes it easier to find someone to blame.

Figure 6: The single cause model
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Chain or sequence of events (also called multiple steps causal model)

In this model one cause or event may lead to a second event and so on (see Figure 7).
This model is only slightly more sophisticated than the one cause model, and is in
fact the one cause model extended backwards in time to the cause behind the cause

of the accident.

Figure 7:Multiple steps model

Multiple-cause model
In this model, several factors coincide and are linked to the occurrence of an

abnormal event (see Figure 8). Individual causes may be necessary or sufficient to
result in an accident. In this model accidents are viewed as the result of different

single cause factors simultaneously contributing to the incident.
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Cause

Cause

Cause

Figure 8: Multiple cause model

Multiple steps joint effects model
This model assumes multiple causes and traces back in time to discover the causes of

the causes. This is illustrated in Figure 9 below.

Cause

+ *

Figure 9: Multiple steps joint effects model
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None of the above models will individually satisfy fully the way in which all types of
accident or incident evolve. Sc;me events may indeed be the result of a single cause,
while others are the result of a more complex interaction of a number of factors. The
trick is for analysts to avoid becoming blinkered in their approach: analysts should
be open to the different possibilities and possible combinations that can lead to an
unwanted event when performing analysis, rather than rigidly using one model to the
exclusion of other possibilities. The next section traces the move from individual

human error to the organisational accident.

2.2.1 From human error to organisational accident

While the view of accidents has moved from simple to an increasingly complex
interaction of events, there has likewise been a move from simply blaming the active
failures of individuals (unsafe acts and rule violations) by staff at the sharp end to
increasingly including the failures of organisations (latent failures). The need to shift
the focus from individual front line operators to the organisational failures was
realised in the conclusions of the Zeebrugge and King’s Cross inquiries (Sheen,

1987; Fennell 1988). These inquiries stated that rather than being the cause of the‘
accidents the human operators were the inheritors of a defective system, riddled with
poor design, conflicting goals and bad management decisions. Reason (1‘990; 1997)
formalised the contribution of latent . failures following examination of major

disasters in a wide range of complex technologies using the ‘resident pathogen’
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metaphor. Latent pathogens are likened to the ‘resident pathogens’ within the human
body, which combine with external factors to bring about disease. Like cancer and
heart disease, accidents in complex systems do not arise from a single cause. It is
assumed that latent failures originate in the errors of high-level decision makers and
only come to light when they combine or result in a failure at the sharp end which
leads to an accident. It is further assumed that latent fatlures are present within the
system for some time before they are made visible via an accident sequence. The
focus on latent failures does not mean that human errors should be excluded from the
analysis. As Reason himself says (op cit) the work of improving the immediate
human-machine interface is still an important factor in accident reduction. Rather a
combination of human errors, technical failures and latent failures will provide a

fuller, more robust picture of accident causation and highlight the areas, or

combination of areas where improvements to the whole safety system may be made.

2.3 Classification possibilities
Accidents and incidents may be classified (i.e. the contributing causes can be

classified) according to models of error, behaviour and task. The following section
will concentrate on step 4, Classification, of van der Schaaf’s model, i.e. the

approaches taken to event analysis and classification of causes. It has already been
stated that the purposes or objectives of event analysis can be various and that this

has an impact upon the way the events are analysed. However, even within a

72



similarity of purpose, there exist a variety of ways in which to classify, code and

analyse the data.

2.3.1 Taxonomies: Goals and requirements

Taxonomies provide a system for classifying accident and incident causes. They
contain pre-defined categories (often including errors, latent failures and technical
faults) which enable accident causes to be identified according to a generic set of

possible causes. The sections below outline the goals and requirements of

taxonomies.

2.3.2 Goals
The goal of any taxonomy used to code event data is to build a database of causes to

enable the comparision of causes across multiple events. This requires pattern
recognition across a number of minor accidents or of more major accidents into pre-
coded categories. If there are no pre-coded categories then there can be no
meaningful comparison. Using such a system it is possible to determine which
factors or combinations of factors occur most frequently. This would then allow
preventive measures to be based on the factors that occur most frequently, rather
than on one major incident. The examination and analysis of single eveﬁts does not
allow for such a comparison and learning, prevention and improvements can

therefore only take place from individual events. Such a reactive policy may fail to
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reduce the most frequently occurring causes and tackle only those causes which have

resulted in high profile accidents.

2.3.3 The minimal requirements of a taxonomy

From the discussion on accident causation theories it is clear that current models
assume that accidents are not always simply a one to one correspondence (e.g. one
individual makes a single mistake and the result is a major-'accident). Rather they are
more likely to be a combination of active and latent failures combining in a complex
way to ultimately result in the catastrophic event or accident. Taxonomies have
attempted to reconcile this by addressing human errors and organisational failures as
well as technical faults. Consequently, a proliferation of taxonomies and
methodologies have been designed to encompass various types of human and
cognitive errors, organisational and technical failures. Many have been designed for
specific industries (e.g. nuclear power, aviation) and are not directly transferable to
other domains. Consequently, it is difficult to compare taxonomies and evaluate
their usefulness. It is necessary therefore, that a common set of requirements that are

built upon a common foundation, are developed that enable the evaluation of'
taxonomies, in order that users can be confident that the most appropriate and fit for
purpose method is selected and used. Such an approach is not new (é.g. Benner
1985 subjectively rated 14 analysis methods). However, little research has actually

been performed in the area of defining criteria and even less in evaluating
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taxonomies according to specified criteria. This section outlines a number of
requirements that have been proposed for any taxonomy (and briefly discusses

evaluations) to ensure that it provides the most benefit for the user.

A 'minimal set of requirements for any taxonomy used to identify accident causes has

been identified by van der Schaaf (op cit) as involving the following:

1. Should be based on a suitable model of human behaviour

2. Should include technical components, human behaviour, and organisational and
managerial causes.

3. Should be comprehensive in a qualitative sense (i.e. should be able to handle

accidents, damages and near misses; cover both failures and recoveries)

4. Suggest ways of influencing and rectifying the root causes identified

There are a number of analysis methods that fulfil these requirements (although the

majority do not incorporate identification of recovery strategies) such as MORT,
STEP, TRIPOD, CIRAS and PRISMA among others. However, there are other.
criteria that can be used to evaluate the methods used. A number of authors suggest
ways of determining the most appropriate method for classifying causes. Fahlbruch

and Wilpert (1997) propose criteria that are relevant for choosing an appropriate

analysis method. These are:

735



. Theoretical adequacy
2. Manageability

3. Ecbnomy

4: Comprehensiveness

5. Problem solving characteristics

This set of criteria is similar to that proposed by van der Schaaf and has been applied
to three event analysis approaches used in Nuclear Power Plants. Neither of the

above criteria includes the issue of reliability (the consistency of coding between
different raters). The table below provides a comparison of three methods (ASSET,

HPES and MORT) as performed by Fahlbruch and Wilpert (op cit). The authors
state that the metrics are fuzzy and not devoid of a certain degree of arbitrariness. It

is not explained upon what basis the scores were assigned.

| ASSET 'HPES | MORT

Theoy 01— Tor
Mamsgesbilty [0 [v — Tox
Beonomy - 1o v
Problemsolving___ [+ [~ |- —

Table 8: Characteristics of event analysis methods (+ = given; 0 = limited; « = not given)

Wagenaar and van der Schrier (1997) and Groeneweg (1998) suggest any method

should meet the following criteria:
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. Berevealing i.e. distinguish betﬁeen events and underlying causes

2. Be quantitative, enabling results to be computed and accumulated across many
accidents

3. Be valid i.e. that causes will also be present in future accident scenarios, while
not missing any important causes of future accidents

4. Be reliable i.e. that various independent analysts: should reach the same
conclusions

5. Be practical i.e. the analysis can be performed without employing rare
specialists, or costing too much in terms of time and money

6. Be consequential i.e. should formulate and rank order recommendations for

accident prevention.

This set of criteria adds the issue of reliability but does not say anything about the
theoretical model underlying the method of analysis. Nevertheless it is a useful set
of criteria against which to compare various methods. Wagenaar et al (op cit) used

these criteria to compare five different analysis methods, namely Fault Tree
Analysis, MORT (Management Oversight and Risk Tree), STEP (Sequentially

Timed Events Plotting) SCAT (Systemic Causal Analysis Technique) and TRIPOD.
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The comparison of five accident techniques based on the above criteria are shown in
Table 9 below: (it is assumed although not explained in the text, that (=) means does

not fulfill the criterion, while (+) denotes that the criterion is fulfilled.

|FrTA |IMORT__|STEP __ [SCAT __ [TRIPOD
Revealmg____ - [+ - [+ 1+
Quantiative - x5
N7 S A R i A i
Relable - 7 |7 g 5

Table 9: A comparison of five accident analysis techniques (from Wagenaar and van der
Schrier 1997)

o~ f oo

The lack of testing for validity found for all techniques is a result of the difficulty of
measurement. The authors only consider the aspect of validity which is concerned
with the accuracy of future predictions. The prediction of future accident scenarios
however is based on the assumption that nothing of importance has changed.
However, if an analysis technique aims to change the operating system and succeeds
in doing so then it would be expected that future accidents will have different causes

from past ones.

It is also worth noting that reliability (i.e. that various independent analysts reach the

same conclusions regarding the causes of the accident or incident — also called

consistency or inter-rater consensus) has not been tested for three of the five
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methods. This is an important omission for any taxonomy and 1s not a complicated

process.

Despité the fact that TRIPOD does not generate recommendations, it has been
ranked (-/+) for the Consequential category by the authors. This ranking was
justified by the following statement “the TRIPOD method is not designed to produce
specific recommendations, as we think this is mainly a'job for the organisations
themselves. The local flavour will have a substantial influence on the choice of
recommendations; generating own éolutions will enhance the ownership feelings of
the recommendations”. While this may in fact be justification for not producing
recommendations it does not explain the positive ranking associated with TRIPOD

for the ‘consequential’ category in Table 9 above.

While this evaluation of different methods is important research and provides some
basis for selecting a method, the authors do not provide details of how the evaluation
was performed (e.g. subjective judgement, expert opinion) or the level of
acquaintance with the various methods. Further the authors state that the
applicability of a method will depend on the reason for using the method. This may
in part be true, but any taxonomy in use should satisfy at least a basic set of criteria

to ensure it meets a minimum standard.
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Shorrock (2002) suggests a comprehensive list of twelve criteria based on those

proposed by Kirwan (1992). These are:

1. Comprehensiveness: the ability to discriminate and classify a comprehensive
range of errors and influencing factors

2. Consistency: (also called reliability) the degree to which the method leads to
consistent analyses between different users and with the same user over time

3. Life cycle applicability: the degree to which the technique can be used
throughout the formative and summative phases of system design lifecycle

4. Predictive accuracy: the degree to which the technique is able to accurately
predict potential errors
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