ORIGINAL ARTICLES

Scand J Work Environ Health 1991;17:302—11

A classification system for causes of occupational accidents

for use in preventive strategies

by Anne-Marie Feyer, PhD, Ann M Williamson, PhD'

FEYER A-M, WILLIAMSON AM. A classification system for causes of occupational accidents for use
in preventive strategies. Scand J Work Environ Health 1991;17:302—11. A comprehensive classification
system, which allowed operational analysis of the events preceding accidents, was applied to the analysis
of information surrounding the occurrence of all traumatic work-related fatalities in Australia in 1982—1984.
The coded information included factors immediately antecedent to the accident leading to the fatality
and factors removed in time which contributed to the occurrence of the accident. The complex network
of events leading up to the accident, their interrelationships, and their relative contribution to causing
the accident were examined. The results provide information about the use of accident analysis for the

formulation of preventive strategies.
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Epidemiologic descriptions of the occurrence of oc-
cupational accidents provide information about the na-
ture, distribution, and rate of work-related injury and
death (1). They describe how, when, and where acci-
dents occur and are therefore important starting points
for identifying preventive strategies. However, classi-
fying accidents by type or severity of injury, or by
agent or place of injury, provides limited information
about why accidents occur. Comprehensive knowledge
about the causes of occupational accidents has the
potential to provide much more specific information
on which to base preventive efforts.

Several frameworks have been proposed for analyz-
ing the causes of accidents (2—9). However, most of
these frameworks have not been comprehensive in that
they have not considered the range of possible causal
factors and their interrelationships. The range of causal
factors has been restricted both in the extent to which
different types of factors are considered and also in
the extent to which the wider circumstances surround-
ing the occurrence of the accident are included. In some
instances, only one type of causal event, for example,
human error (2, 7), or a broad general category of
causal factor, for example, behavioral factors (3), has
been considered in detail.

Alternatively, where a wide range of factor types has
been included, it has been at a relatively superficial
level. Consideration of some of the more complex
causal factors, such as human error, has typically been
much less detailed (5, 10).

Similarly, lack of comprehensiveness and detail has
also been evident in the extent to which circumstances
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surrounding the accident are considered. Although
several frameworks have considered only those events
immediately precipitating the accident (8, 11), more
typically, most accident analysis frameworks recognize
the potential importance of both immediate precipi-
tating causes and the wider circumstances surround-
ing the occurrence of the accident (5, 12—15). How-
ever, analysis of the wider circumstances has often not
been as detailed as for events occurring immediately
before the accident (12, 13).

The nature of the relationships between factors is
another important dimension of the analysis of acci-
dent causes. Several studies have considered the rela-
tive sequential nature of causal factors such that they
define when different factors occur in the accident se-
quence (5, 9, 12, 13). The relative causal nature of rela-
tionships between different factors in the accident se-
quence has not been studied. Since it is clear that all
factors are not of equal causal significance, having in-
formation about the relative importance of factors in
accident causation must improve the specificity with
which targets for prevention can be defined (14). This
information, however, is rarely gathered.

Some models of accident causation have attempted
to acknowledge the causal contribution of factors.
Frameworks based on fault-tree analysis have provided
the most restrictive view of the causal contribution of
factors (6, 9, 12, 16). They have sought to identify the
necessary and sufficient relationships between the
events in the accident sequence by use of logic rules.
Other approaches have taken a more conceptual view
of the relative importance of causal factors (5, 14), the
events immediately precipitating the accident being
seen as only symptomatic of the underlying or pre-
existing conditions which contribute to the occurrence
of the accident. The underlying factors, located in the
wider circumstances of the occurrence of the accident,



are seen as causally more significant. The most par-
simonious approach, adopted only rarely, has been to
impose a weighting system in order to establish the rela-
tive importance of factors without any preconceptions
about the role that either immediate or more removed
factors might play (10).

Classification systems have been developed which
recognize the need for the most comprehensive treat-
ment possible of information available about the oc-
currence of the accident (14, 16). These systems have
still to be applied to large banks of accident data. In
part, the lack of application reflects the fact that the
frameworks involve distinctions which can be speci-
fied at a theoretical level, but are often difficult to
operationalize, especially when the process is retrospec-
tive. The specification of complex logical relations be-
tween events (6, 16), for example, is limited in applica-
bility in retrospective accident analysis.

The aim of the present research was to design a com-
prehensive classification system for occupational ac-
cidents which would describe the array of causal fac-
tors, map their relative sequential relationships, evalu-
ate the relative importance of factors in accident cau-
sation, and, yet, be operationally applicable. For the
evaluation of its applicability, the classification sys-
tem was applied to a large heterogeneous data base of
occupational accidents.

Methods

The study population was derived from all work-
related traumatic deaths occurring throughout Austra-
lia in the years 1982—1984. The data were collected
from coroners’ reports in a study of work-related fa-
talities conducted by the National Institute of Occupa-
tional Health and Safety (as described in reference 1).
Of the 1738 fatalities judged to be work-related by Har-
rison et al (1), 1020 were included in the current study.
Cases were excluded on the following grounds: (i) case
was not in active work at the time of the fatality, (ii)
case was not of working age, that is, below 15 years
or above 65 years of age, (iii) death occurred during
work commuting, (iv) death due to a road traffic ac-
cident when the vehicle was not the person’s normal
workplace, and (v) death occurred when person was
on recess from active work or was a bystander to work.
Of the remaining cases, 130 were excluded because they
did not contain enough information to be coded. The
study therefore included all fatalities that occurred
while the person was actively involved in work over
the three-year period of study.

The coroners’ reports were relatively comprehensive.
They contained a textual account of the circumstances
of the accident and subsequent fatality, as well as
demographic information about the person, medical
information regarding the nature of the injuries and
cause of death, and details of all investigations into
the causes of death.

The classification system

The classification system was developed to establish,
from the information in the coroners’ reports, the se-
quence of events surrounding and leading to the fa-
tality. It was designed to allow coding of a sequence
of up to three events which immediately preceded the
accident and which led to the fatality, as well as any
further factor(s), classified into one of eight possible
categories, that made a direct contribution to the oc-
currence of the accident or fatality. These were titled
precursor events (abbreviated to PE1, PE2, or PE3,
depending on location in the sequence with respect to
the accident) and contributing factors, respectively.
Not all of the accidents involved the full range of
precursor events and/or contributing factors. For the
purposes of coding, time before the fatality referred
to the relative sequential order of the events leading
up to the fatality. Conventional units of time were
therefore variable. In other words, PE1 was closest to
the accident and PE2 occurred earlier than PE1 in the
accident sequence, but the time separating the events
could have varied from seconds to minutes to hours
or even perhaps days. Figure 1 is a schematic represen-
tation of the possible event sequence.

The nature of each of the three possible precursor
events was coded into one of the following categories:
(i) environmental — events resulting from the location
of the accident and are events that could not have been
changed at that point in time, (ii) equipment — events
resulting from breakage or malfunctions that occur in
machinery or tools at that point in time, (iii) medical
— events resulting from the person’s current state of
physical well-being, and (iv) behavioral — events
resulting directly from human involvement. Each cat-
egory was coded in terms of the certainty of evidence
for its existence, with 1 =yes, certainly; 2 =yes, prob-
ably; 3 =yes, possibly; 4 =indeterminate; 5=no.

Behavioral events were coded further in terms of
who performed the behavior (the deceased or another
person) and whether the behavior constituted an error
(ie, the incorrect performance of standard operating
procedure).

Errors were coded with the use of two well-known
error classification systems to enable the assessment
of the ease with which they can be used for the kind
of data available in this study and their utility for
preventive strategy formulation (17). They were
Swain’s (18) task-related error classification and Ras-
mussen’s (7) classification of the functional level of
behavior during which the error occurred. The results
of this coding have been discussed elsewhere (17).

The nature of the contributing factors was coded
into the following categories: (i) environment — fac-
tors resulting from the location of the accident occur-
ring at an earlier time, (ii) equipment — factors as-
sociated with the design of machinery, tools, personal
protective equipment or safety equipment, (iii) work
practice — factors involving poor or risky standard
operating procedures accepted by management and/or
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Figure 1. Schematic representation of the event sequence used for coding accidents.

personnel (this included separate categories of poor up-
keep or misuse of equipment, (iv) supervision — fac-
tors relating to inadequate charge of workers, (v)
training — factors relating to inadequate training of
workers, (vi) task error — factors relating to incor-
rect performance of duty, (vii) medical — factors in-
volving physical well-being at an earlier time, and (viii)
other — factors such as alcohol/drug involvement, de-
lays in receiving medical treatment and social aspects.
The coding for contributing factors was again in terms
of the certainty of evidence for the existence of the con-
tributing factor.

One factor that was not included in the present clas-
sification system was injuring energy. All injury is most
directly caused by energy release in excess of injury
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thresholds (19). Thus energy transfer was assumed to
occur in all cases in the present study, and therefore
the classification of its presence or absence would have
been redundant. Classification of the nature of the
energy involved is highly relevant to the nature, agent,
mechanism, and severity of injury. In contrast, the
focus of the present classification system was on the
causes of the accident leading to injury. Therefore, it
was those factors that initiated and influenced the
build-up of energy which were coded.

Information was also collected on demographic de-
tails, details of the person’s job at the time of death,
the nature of their usual job (if different), the use of
personal protective or other safety equipment, and the
degree of forewarning of the accident.



Ranking of causal factors

The precursor events and contributing factors leading
up to the fatality were ranked in terms of their sig-
nificance for the occurrence of the fatality. The chain
(or chains) of events and factors were ranked such that
the root cause was deemed as the most significant
(scored ‘‘1”’), and occurrences following directly from
the root were ranked by diminishing degrees as sig-
nificance decreased (ie, 2, 3, 4, etc). The root causes
were termed prime causes. An important feature of the
ranking procedure was that the prime cause or causes
of an accident could be located in the contributing fac-
tor categories or the precursor event sequence. There-
fore, it was possible for contributing factors to be
ranked as more causally influential than precursor
events in any given accident. This feature of the rank-
ing procedure allowed the separation of causal impor-
tance and temporal importance of events; events were
coded both in terms of proximity to the accident and
causal significance such that the two were not neces-
sarily equivalent. It was also possible to code more than
one prime cause for any accident sequence.

The coding instrument was developed by three
coders test-coding a random sample of 30 cases. The
results were then discussed and the coding instrument
modified to balance the scope of information collected
with the quality of information available. Once the in-
strument was finalized, a single coder coded all cases.

An example

The following is a hypothetical example of the coding
of an accident scenario into event categories and the
ranking of those event categories for causal sig-
nificance.

Scenario. While standing on a catwalk above large ma-
chinery, a worker leaned too closely into the path of
the operating machinery. He was dragged into the ma-
chinery. The guard usually on the catwalk had been
removed several days previously to facilitate repair of
the machinery and had not been replaced. The gen-
eral work area was poorly lit.

Coding. Precursor event sequence:

PEI1 (error: leaned into path of machinery;
RANK: 3)

PE2 (none)

PE3 (none)

Contributing factors:

Environment (poor lighting; RANK: 2)
Work practice (railings removed; RANK: 1)

Interpretation. The event immediately preceding the
accident was an error on the part of the worker when

he leaned too far into the path of the machinery. Oper-
ating the process without the usual safety railing al-
lowed the error to occur, while the poor lighting in the
work area made its occurrence much more likely.

Reliability

Inter- and intrarater reliability of two aspects of coding
were evaluated. First, the reliability with which the
same event category sequences were coded to describe
the cases was evaluated. Two independent coders coded
40 randomly selected cases, and their frequency of
agreement with the main coder was calculated. The
main coder recoded these 40 cases after a period of
six months had elapsed, and the frequency of agree-
ment between the two coding occasions was calculated.

The second aspect of coding that was evaluated was
the reliability with which the relative causal importance
of the events could be ranked. There were two parts
to evaluating the reliability of assigning rank to events.
First, ranks were assigned to the events coded in the
40 randomly chosen cases that have already been
described. In other words, where differences occurred
in categorizing cases into event sequences, the coders
had ranked different event category sequences for the
same case. Since the event category sequences into
which cases are coded critically influences the impor-
tance assigned to an event in the sequence, this was
not an unambiguous evaluation of the reliability of
ranking per se. Therefore, the following additional
method of evaluating ranking reliability was used: 40
randomly selected cases, coded into event category se-
quences by the main coder, were ranked by the two
independent coders. In this procedure each coder
ranked the same event category sequences. This proce-
dure allowed an evaluation of the reliability of the
ranking of events in a sequence in relation to each
other, independently of coding the events into cate-
gories.

To measure the association between pairs of coders
for the ranking of the events, the Guttman coefficient
of monotonicity was used. A monotone trend of Y on
X implies that, as X increases, any change in Y is one-
directional with the possibility that Y can occasional-
ly remain constant (20). The coefficient varies between
0 and 1.

Results
Reliability
When 40 randomly selected cases were coded by two
independent coders, the percentage of agreement with
the main coder for coding the cases into event cate-
gory sequences was 84 % for one coder and 82 % for
the other coder. The percentage of agreement when
the main coder recoded these 40 cases after a period
of six months had elapsed was 89 %.

When complete cases were both coded and ranked
independently, the Guttman coefficient was calculated
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on an event-by-event basis for all possible events in
the sequence (ie, for the three precursor events and the
eight contributing factors) because of the possibility
of different numbers of events in the sequence for
different coders. The mean Guttman coefficient for
one independent coder compared with the main coder
was 0.68 (SD 0.25). For the other independent coder,
the mean Guttman coefficient was 0.83 (SD 0.13). The
Guttman coefficient for the main coder compared on
the two coding occasions separated by six months was
0.89 (SD 0.09).

When coded cases were ranked, that is, the same se-
quences of event categories were ranked, by the two
independent coders and these were compared with the
rankings assigned by the main coder, the Guttman
coefficient was 0.99 for both independent coders.

Summary of involvement of event categories

Figure 2 shows the frequency of involvement of the
major event categories and the percentage of cases in
which each category was ranked as a prime causal fac-
tor. Errors, poor work practices, and environmental
factors were the factors most frequently involved in
accident causation. Errors showed the highest frequen-
cy of involvement, occurring in more than two-thirds
of the cases. Environmental factors, either as a per-
cursor event or as a contributing factor, were the next
most common and were present in 62.4 % of the cases.

Poor work practices were involved in almost half of
all the cases. The remaining categories each occurred
in less than 15 % of the cases.

Human error at some point in the sequence was also
the most common prime causal factor. In fact, almost
half of all the cases involved error as a prime cause.
Poor work practices were involved as a prime cause
of the fatality in approximately one-third of the total
number of cases. Although environmental factors were
among the most frequently involved factors, they were
not commonly involved as prime causal factors.

Patterns of prime causal rankings

Examination of the distribution of prime causal rank-
ings in the event sequences revealed that prime causal
factors were at least as prominent in the contributing
factors as they were in the precursor sequence. In over
half of all the cases (55.6 %) there was one prime causal
factor in the precursor event sequence. Similarly, in
56.2 % of the cases, there was at least one prime causal
factor in a contributing factor category. Furthermore,
in a little over one-third of the cases (37 %), prime
causal factors were located exclusively among the con-
tributing factors. In 43.8 % of the cases, prime causal
factors were located exclusively in the precursor event
sequence.

Multiple prime causes occurred the most common-
ly as a combination of precursor events and contrib-
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Figure 2. Major categories in the event sequences preceding occupational fatalities, shpwing percentages of cases_with each
type of event at least once in the accident sequence and the percentage of cases in which each was ranked as a prime cause

of the accident.
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uting factors. In 23.2 % of the cases there was at least
one contributing factor with a ranking of ¢‘1”’ in ad-
dition to an event in the precursor sequence with a
ranking of ‘“1.”” In contrast, multiple prime causes
were located in the precursor sequence only in 7.4 %
of the cases; they were present in the contributing fac-
tors only in 10 % of the cases.

Patterns of event sequences and rankings

The precursor event sequences were examined for con-
sistent patterns. Twelve patterns were found, each
representing at least 2 % (about 20 cases) of the cases.
Four of these patterns accounted for 66 % of all cases
in the sample. These four major patterns are discussed
in the following text.

Two of these event sequences involved a behavioral
event at PE1. (See figure 3.) For ease of display, pat-
terns involving other event categories at PE1 were ter-
minated at PE1 and nonmajor patterns involving a be-
havioral event at PE1 were terminated at PE2 or PE3
in figure 3. The number in parentheses under each PE
label in the figure refers to the percentage of total cases
represented by the sequence to that point.

Together, the two main patterns accounted for
34.5 % of all the cases, while the remaining patterns
with a behavioral event at PE1 accounted for only
4.1 % of the cases. In the more common of the two
patterns (25.7 % of all cases), the behavioral event at
PE1 was the sole event in the precursor event sequence.
In the other pattern, accounting for 8.8 % of the cases,
the behavioral event at PE1 was preceded by another
behavioral event at PE2. An important distinguishing
feature of these two precursor sequences relates to the
relative causal importance of the behavioral event at
PEIl. Specifically, when the pattern consisted of a sole
behavioral precursor event, that event was ranked as
a prime causal factor in the majority of cases (66.3 %)
represented by the sequence. However, when the pat-
tern was one in which the behavioral event at PE1 was
preceded by another behavioral event at PE2, it was
the earlier event (at PE2) which was ranked as a prime
causal factor for the majority of cases (57.3 %)
represented by the sequence, rather than the event at
PE1 (27 % of cases).

Figure 3 also shows the contributing factors asso-
ciated with each precursor sequence. The number in
parentheses under each contributing factor label refers
to the percentage of cases represented by the particu-
lar sequence which also showed involvement of that
contributing factor. The number not in parentheses
refers to the percentage of cases represented by the
precursor sequence for which the contributing factor
was ranked as a prime cause.

Both patterns showed almost identical involvement
of contributing factors. The work practice category
was involved in about one-third of the cases, the en-
vironment category and the other category both being
represented in approximately 20 % of the cases. With

respect to ranking, both the work practice category and
the other category were ranked as prime causal fac-
tors in more than 70 % of the cases in which they were
present, while the environment category was ranked
as a prime causal factor much less frequently (in 22 %
of the cases for one pattern and in 0 % of the cases
for the other).

The remaining two major patterns were ones in
which an environmental event immediately preceded
the accident. (See figure 4.) Together, the two patterns
accounted for about one-third of all the cases (32.1 %),
in approximately equal proportions.

In one of the patterns, the environmental event at
PE1 was the sole event in the precursor event sequence.
In the other pattern, the environmental event at PE1
was preceded by a behavioral event at PE2. The rela-
tive causal importance of the environmental event at
PEI was changed dramatically with the presence of a
preceding behavioral event. When the environmental
event was the sole event in the precursor sequence, it
was ranked as a prime causal factor in 41.4 % of the
cases represented by the sequence. In contrast, when
the pattern was one in which it was preceded by a be-
havioral event at PE2, the environmental event at PE1
was ranked as a prime causal factor in only 17.6 %
of the cases represented by the sequence, while the
earlier behavioral event was ranked as a prime causal
factor in the majority of cases (65.5 %).

The work practice, other, and environment cate-
gories were again the main contributing factors in-
volved. Work practice was the most common, and it
was ranked the most often as a prime causal factor.
Environmental factors were again less causally influen-
tial than contributing factors from either the work
practice or the other category.

For the pattern in which an environmental event im-
mediately before the accident was the only precursor
event, there was a substantially increased involvement
of behavioral contributing factors, work practice and
task errors at an earlier time being the contributing fac-
tors occurring the most often. Furthermore, these con-
tributing factors were predominantly ranked as prime
causal factors.

Discussion

Inter- and intrarater reliability was high both for
coding cases into event category sequences and for as-
signing rankings of relative causal importance to the
event categories. This finding suggests that the clas-
sification system is viable for describing the network
of events preceding accidents and for evaluating their
relative causal importance. The system therefore pro-
vides an important starting point for the development
of a data-driven base for the formulation of preven-
tive strategies.

Human error, poor work practices, and environmen-
tal factors were found to be the most frequent antece-
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dents of the fatalities. However, the prime causes of
accidents were not necessarily those factors which were
the most frequently involved. Error at some point in
the sequence was the most frequently involved factor.
It was also the most common prime causal factor. In
contrast, environmental factors, which were involved
at some point almost as frequently as error, were prime
causal factors in only a minority of cases. In other

words, for most cases involving environmental factors,
other factors in the accident sequence were of greater
causal significance.

Nor were the prime causes of the accidents neces-
sarily those factors which occurred the most closely
in time to the accident. In one-third of the cases there
were no prime causal factors located in the precursor
event sequence. That is, the root cause of the accident
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Figure 3. Major patterns of event sequences with a behavioral event at precursor event 1 (PE1). The number in parentheses
under each PE refers to the percentage of total cases represented by the sequence to that point. For the contributing factors,
the number in parentheses refers to the percentage of cases represented by the PE sequence which also showed involvement
of that contributing factor, and the number that is not in parentheses refers to the percentage of cases represented by the
sequence for which the contributing factor was ranked as a prime cause.
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for these cases was located outside the event sequence
leading directly to the accident.

Not only did prime causal factors occur at various
locations in the accident sequence, but multiple prime
causes were also relatively frequent. In about one-third
of the cases, at least two prime causal factors occurred
in the accident sequence, most commonly as a combi-
nation of precursor events and contributing factors.

Knowing where in the accident causation sequence
a particular factor is likely to occur and how impor-
tant it is likely to be provides a useful starting point
for identifying targets for prevention. However, be-
cause the accidents were shown to be multicausal, more
information is needed about the causal pathways
whereby factors exert their influence. Without this in-
formation it is very difficult to identify where in the
accident sequence, and with what sort of strategy, it
may be possible to intervene the most effectively.

A striking characteristic of these results was that
there were relatively few patterns of causal pathways.
Indeed, the majority of the accidents were accounted
for by one of four major precursor event sequences
consisting of exclusively behavioral events, exclusive-
ly environmental events, or a combination of these two
categories. Furthermore, similar networks of contrib-
uting factors were found to be associated with each
of the four main sequences, specifically the environ-
ment, the work practice, and the other categories. The
main component of the other category was found to
be drug and alcohol involvement.

Factors occurring early in the sequence were identi-
fied as much more influential in causing the fatalities
than events closer to the fatality. When two events oc-
curred in the event sequence, the earlier event (PE2)
was generally ranked as more important. This earlier
event was a behavioral one for all patterns; therefore
it was not possible to determine whether its influence
was due to the nature of the event or its location in
the sequence. The fact that behavioral contributing fac-
tors were always ranked highest regardless of the rest
of the accident sequence suggests that a combination
of these characteristics (ie, location and nature of the
event) is important.

These results clearly indicate that the nature and in-
fluence of events occurring earlier in the sequence has
important implications for drawing inferences about
preventive strategies. Being able to identify that pre-
existing poor work practices and earlier task errors,
and to a less extent drug and alcohol involvement, were
frequently the predisposing inputs for the events which
immediately precipitated the accident provides highly
specific targets for prevention.

The need for the application of comprehensive ac-
cident analysis systems to large banks of accident data
has often been highlighted (3, 14, 21). The present
study constitutes the first attempt to do so. The clas-
sification system was designed to provide the sort of
information that can be used to identify targets for
prevention. It comprehensively and reliably describes
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the antecedents of the accidents, their interrelation-
ships, and their relative causal importance. The results
confirmed that accidents are the outcome of a com-
plex network of interrelated factors which are not
equivalent in causal significance. The findings also
demonstrated that when information is available about
the nature, temporal location with respect to the acci-
dent, and causal role of all of the factors in the an-
tecedent network, then the targets for prevention can
be much more specifically defined.

The level of analysis reported in this presentation
has provided only an overview of the major causal net-
works preceding this large group of fatalities. It pro-
vides some insights into the contributors to work-
related deaths in Australia. A more-detailed analysis
of the involvement of human error has already been
completed (17). Further analysis will focus on the
differences in accident causation across industry, the
detailed investigation of the nature and role of poor
work practices, and the role of risk taking in accident
causation.
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