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FOREWORD

This report represents the second half of a two part literature
review project commissioned by the Alberta Occupational Health and
Safety Division under the direction of a project team consisting of
Judith Evans, Lynn Hewitt and John McDermott. The project was
initiated by Dr. Herbert Buchwald, Managing Director, who
recognized the need for critically examining the various approaches
to understanding accidents. Such an analysis represents an
important prerequisite to refining the division’s strategies for
collecting, interpreting and using accident data in the service of
effective accident prevention programs.

Dr. Harvey’s first literature review (Theories of Accident
Causation December. 1984) traced the historical progression of
accident causation theories and models from the original single
factor theories to the more recent systems theory approach.

In this report, Dr. Harvey discusses a cross-section of
accident investigation models in terms of their ability to satisfy
five evaluative criteria. These criteria, derived from the
occupational health and safety literature, represent major purposes
of accident investigation. On the basis of his analysis, Dr. Harvey
recommends the “best” current approach. In addition, he discusses
factors which limit the usefulness of data from accident
investigations

The project team gratefully acknowledges the advice and
assistance of colleagues from Occupational Health Services and Work
Site Services both in developing the terms of reference for this
project and in providing commentary on draft versions of the
reports.

Research Branch
June, 1985



EXECUTI VE SUMMARY

Four general nodels for accident investigation are reviewed and
eval uated with respect to five purposes which conprise the goals of
accident investigation. The investigation nodels chosen for review are:
The Heinrich nodel, with its focus on unsafe acts and unsafe conditions;
t he epi deni ol ogi cal nodel, which considers the three broad factors of
host, agent, and environment; fault tree nodels (specifically, the MORT
system); and the nultilinear events sequencing nodel recently proposed by
Benner .

The eval uative criteria devel oped for this review consist of five
pur poses served by accident investigations. These purposes are | egal (does
t he nodel consider safety code violations?), descriptive (can use of the
nmodel provide a detail ed description of the accident?), causal (can
acci dent causes be determ ned by the nodel ?), prevention (does use of the
nodel |ead to recommendati ons for inproved safety?), and research (wll
use of the nodel provide reliable and conprehensive data useful for
acci dent research?).

The Heinrich Mdel. This nodel seens to be nost clearly associated

with the I egal purpose of investigation, with its enphasis upon unsafe
acts and conditions. The major criticismof. the nodel is its potenti al
for introducing bias into the investigation procedure, since the
investigator’s attention is focussed not upon the facts per se, but upon
the unsafe aspects of the accident event only. The identification of
unsafe aspects after the accident has occurred is deceptively easy (the
hi ndsi ght bias), and can |lead to concl usions that
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are unfair, inconplete, and/or false.

Epi dem ol ogy. Epi dem ol ogy is a met hodol ogy applied to accident

events that seeks to identify the factors associated with the host, agent,
and environment that are correlated with various categories of accidents.
This nodel avoids the potential for bias noted above, and can potentially
lead to an investigation report that describes the accident event

conmpl etely. However, epidemiology is deficient in two respects; first, it
needs gui dance froma theory of accidents, and second, it needs an
efficient and theoretically based schene for the classification of

acci dents.

Fault Tree Moddels. The general fault tree approach to accident

investigation is attractive because it advocates a description of all the
necessary and sufficient conditions for an accident within the work system
in question. However, a specific adaptation of the nodel (MORT) has failed
to attend closely to the accident event itself, and instead focuses the

i nvestigation largely toward managenent oversights. The nodel is also
criticized for facilitating bias and because it could easily |lead to broad
reconmendati ons for prevention (eg., nore training; nore supervision)

rat her than specific ones.

Multilinear Events Sequencing. This nodel, proposed by Benner, is

simlar in many respects to a general fault tree nodel, but unlike MORT,

it does limt its focus to the accident event itself. Benner advocates
close attention to the sequence of events |eading up to the accident, with
special status given to the tenporal relations between events. This

i nvestigative nodel is very conpatible with the systens theory approach
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to accident causation. The nodel encourages a conplete description of the
acci dent event and successfully avoids introducing investigator bias. The
multilinear events sequencing nodel is judged to be the best investigative
nodel currently avail abl e.

| ssues and Concl usions. Many issues related to accident investigation in

general are raised. Anong them are the foll ow ng.

(1) It is inportant to consider what the content of an on-site

i nvestigation should be. An investigation report could consist of facts
al one, or could include inferences, conclusions, and recomendati ons as
well. (2) It is inportant that the potential for the biased gathering of
facts be recogni zed and mninized so far as possible. (3) There is a need,
especially if research purposes are to he achieved, for a relatively
simple yet theoretically guided systemfor the classification of

acci dent s.
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MODELS FOR ACCI DENT | NVESTI GATI ON

The purpose of this reviewis to identify the nmajor nodels for the
i nvestigation of accidents, to describe the essential features of these
nodel s, and to evaluate themin ternms of generally accepted criteria.
Four nodels are revi ewed. These four were chosen because (a) they were
applicable to accidents in general, rather than being designed for
accidents of a particular type, and (b) either the nobdels, or sone
variant of them were wi dely used, or the nodels are recent
devel opnents having features that hold promise for inprovenent.

It was decided to devel op evaluation criteria rather than rely on
the criteria of others because the only explicit criteria reported in
the literature were devel oped by an individual whose investigation
nodel is included in this review (O course, his nodel would do well
by his own criterial!) The evaluation criteria were devel oped froma
consi deration of the generally acknow edged purposes for investigating
accidents. It was decided that the nodel which best satisfies the needs
of these purposes would receive the nost favourabl e eval uation

An inportant distinction should be nmade at this point. This paper
consists of a review and eval uati on of accident investigation nodels,
the general franmeworks from which investigation practices are
devel oped. Thus, coments on and eval uati ons of investigation nodels
are not eval uations of how these nodels are actually put into practice,
and this reviewis not intended as an eval uation of any particul ar

i nvestigation procedure.



A. I ntroduction.

The purposes of an accident investigation systemare generally
agreed to consist of one or nore of the foll ow ng:

1. To satisfy legal requirements, and to docunent any viol ations of the
saf ety code

2. To describe the events and circumstances surroundi ng the accident.

3. To identify the probabl e cause or causes of the accident; often to
i nclude both i medi ate causes and renote causes (the latter are
sonmetines referred to as enabling conditions).

4. To recommend what changes could be nade to the safety code or to the
work site that woul d decrease the probability of a simlar accident
in the future.

5. To gather accident information for use in accident research prograns
and safety prograns.

Simlar statenents of these purposes can be gl eaned from many

aut hors representing a variety of perspectives on the investigation of

acci dents; for exanple, Benner (1980, 1983) on the eval uation of

i nvestigation nodels, Ferry (1980) on managenent safety methods,

Hei nrich, Petersen, and Roos (1980) on anal ysis and prevention

Lilienfield and Lilienfield (1980) on epideniology, and the “Field

Instructions I P 106" issued by Wrk Site Services, Cccupational Health

and Safety Division, Wrkers’ Health Safety and Conpensati on

Governnent of Al berta (1979). Wiile not all sources list all five as

i mportant reasons for investigating accidents, the present author



bel i eves that each purpose is nentioned often enough in the literature
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to warrant inclusion in a review of accident investigation nodels.

In this review four general nodels for accident investigation, two of
which are widely used in some formand two of which have been proposed
recently, will be considered prinmarily with respect to their ability to
satisfy these five investigative purposes, and secondarily with respect to
theoretical adequacy and in relation to Benner’'s (1983) eval uation of
i nvestigation nodels (which used a different set of evaluative criteria).
This review and eval uation of the nodels is followed by a brief discussion
of several issues relevant to the investigation of accidents regardl ess of
whi ch nodel one uses. These issues include (a) how to gather facts, (b)

j udgnent biases, and (c) the problemof classification. These issues form
a conmon thread running through the discussion and eval uation of the four
i nvestigation nodels. However, before describing the nodels, | wll

di scuss the five purposes in nore detail, indicating the possible

i mplications of each for an accident investigation nodel.
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B. Pur pose of Accident |nvestigation.

Thi s discussion of the purpose of accident investigation is nmeant to
acconmplish two things. First, it will clarify the basis upon which the
i nvestigation nodels are to be evaluated, and second, it will raise sone
i ssues regardi ng accident investigation in general, and focus attention on
sone of the questions that should be considered when devel oping policy and
procedure regardi ng investigations. My purpose, however, is not to resolve
these issues, but nmerely to identify them The five purposes are discussed
in the order in which they are listed above, and are naned | egal

descri ptive, causal, prevention and research

1. Legal. There are two senses in which investigation serves a | ega
purpose. The first is to satisfy the requirenent that certain accidents be
i nvestigated. This is a nmundane purpose, neutral with respect to the
content and procedure of the investigation. However, |egislation often
does define which accidents are to be investigated and which are not; for
exanple, only those resulting in injury, or that result in lost tinme at
work, may require investigation. These linmts on what is investigated are
arbitrary in terms of theoretical rationale, and yield a biased sanpl e of
events for research

The second | egal sense consists of the identification of safety code
viol ations. Many safety regul ations appear to be of the
preventi on—ef —+njury type (eg., the use of protective clothing), rather
than an accident prevention type. One potential problemw th this purpose

is that it may foster the mistaken inpression that a



5

safety code violation is a cause of the accident. For exanple, these of a

safety Iine when working above a certain height prevents serious injury by

breaking the person s fall, but it does not prevent the fall; therefore,
the absence of the safety line does not cause the fall. The cause of the
fall is a loss of bal ance.

2. Describe. This purpose is satisfied by the identification of a
compl ete set of facts relevant to the accident. To fulfill this purpose
requires both objectivity and the know edge of what facts are relevant. An
i nvestigation nodel should provide sonme gui dance with respect to the
rel evance of facts, and he able to answer the questions, where does the
acci dent begin, how far back in the chain of events should one | ook, are
saf ety managenent conditions to be included, and so on. (Some witers have
stated, quite seriously, that an accident begi ns when the victimwakes up
in the norning!) Good description of the facts of the case is inportant
for investigation reliability, and reliability of data are necessary for
successful accident research

3. Cause. One can conceive of causes in a variety of ways. One way
woul d be tenporal, to consider as a cause of X the inmediately prior
event (s). Another strategy is to search for the enabling conditions, using
a “but—for” criterion (but for the presence/absence of Y, X would not have
happened). The identification of cause is a problemof inference, and
i nference performed by humans is subject to a variety of biases (refer to
Sec. D.2). Causal inference based upon a good theory of accidents, or

statistical inference, are the preferred



met hods for identifying causes.

If an accident investigation nodel requires the identification of
cause, it runs the risk of inposing blane and finding fault as well. Cause
can be deternined objectively and di spassionately, but human judgnent is
al ways involved in blane. For accidents, blame judgnents should entail the
judgnent that “the event shoul d have been foreseen by soneone’’ , while
cause judgnments require only the judgnment that a person’s action, or somne
situation, was a necessary condition for the accident. Since hindsight is
so good, we tend to judge nost accidents as foreseeable, and the tendency
to blane or find fault is increased. An accident investigation nodel can
lead to errors by requiring the investigator to identify the person or
persons at fault, rather than requiring a neutral statenment of cause.

4. Prevention. An investigation will succeed in this purpose if it
can identify those conditions such that, had they been ot herw se, the
acci dent would not have happened. By changi ng such a condition, a future
accident can be prevented. Often, reconmendations for preventative
measures consi st of barriers, procedure changes, new safety regul ations
and so on. One issue regarding prevention is whether the goal is to
prevent the accident, or only the resulting injury. The prevention of
injury may be the nore sinple choice, since to prevent the accident itself
woul d likely require system changes, considerable noney, detail ed
research, etc. To prevent the accident requires a know edge of its cause;
to prevent injury requires only know edge of the enabling conditions and a

nmeans to elimnate them
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5. Research. For accident research purposes, the data obtained from
an accident investigation need to be conplete and reliable. Al so usefu
for this purpose would be reports that use conmonly defined and well
under st ood descriptive terms. Accident research requires a consistent data
set, so that the facts of different accidents can be conpared, and the
facts of simlar accidents can be sumuari zed and anal yzed toget her
Acci dent research should be able to produce the conmmon causes and
correlates for certain types of accidents, and to identify a common
preventative neasure for a | arge nunber of accidents. To acconplish this,
one needs to know how to group accidents into sets simlar enough that a
conmon cause or preventative nmeasure coul d reasonably be expected to
exist. The issue for research is, are there neaningful categories for
accidents, and how m ght we best identify these categories? Wthout a good
classification schene, an accident investigation nodel cannot satisfy the
research purpose to any great extent, and a good classification scheme

woul d hel p research greatly.



C Acci dent | nvestigati on Model s.

In this section four general nodels of accident investigation will be
descri bed; the “domi no” nodel and its variations (Heinrich et al., 1980),
t he epi deni ol ogi cal nodel, the fault tree nodels (eg., MORT; Johnson
1975), and the nultilinear events sequenci ng nodel (Benner, 1975). The
di scussion of these nodels will relate each to the five purposes of
i nvestigation described above, and to the systens theory approach (where
appropriate) described in Harvey (1984), and will also consider the strong
and weak aspects of each. This section will conclude with a description of
Benner’s (1983) criteria for evaluating accident investigation nodels,
briefly conparing his approach with the present one.

1. Heinrich's domi no nodel unsafe acts and unsafe conditions.

Central to Heinrich's (1931) original statenent of the nodel is the
assertion that the i medi ate causes of accidents are of two types:
unsafe acts, and unsafe conditions — and furthernore, the assertion that
unsafe acts of persons are by far the nost frequent cause (early
estimates, still quoted widely, were that 88% of all accidents were due to
unsafe acts). The nore renote causes of accidents consisted of the
envi ronnental and social conditions, controlled by nanagenment, w thin
whi ch the accident occurred. Judgi ng by the sheer nunber of conceptua
descendents, Heinrich's nodel of accidents is nost w dely used at present;
any investigation nodel that includes categories for unsafe acts and

unsafe conditions owes at least this dichotony to his original work.
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To illustrate this accident investigation nodel, exanples of
categories of unsafe acts and unsafe conditions are |isted bel ow.
These categories have been used since Heinrich’s original work (see
Heinrich et al., 1980), and are still used today, virtually unchanged
(see Field Instructions —1P-06).

Unsafe Acts of Persons:

1. Operating without clearance; failure to secure or warn
2. Operating or working at unsafe speed

3. Using unsafe equi pment, or using equi pnent unsafely

4. Taking unsafe position or posture

5. Working on noving or dangerous equi pnent

Unsaf e Mechani cal or Physical Conditions:

1. Inadequately guarded; guards of inproper height, strength, etc.
2. Absence of required guards
3. Unsafely designed machines, tools, etc.
4. Unsafely arranged; poor housekeepi ng
5. I nadequately lighted, sources of glare, etc.
A salient feature of nost of these i mediate cause categories is the

inclusion in their descriptions of the words unsafe or inadequate to

characterize the actions and conditions. The inportant question, then, for
this investigation nodel, is how are these ternms to be defined? For sone
categories, government |aws and regul ations may clearly define the proper
or safe working conditions and procedures, in which case unsafe,

i nadequat e, and dangerous woul d be defined as a failure to neet these

saf ety code standards. But
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where no such independent definition exists, the investigator’s
subj ective judgnent, after the accident has occurred, becones the basis
for deciding what is safe and what is not safe. According to Heinrich's
nodel an accident investigator nust identify one or nore unsafe acts or
conditions as causes, since only unsafe acts or conditions cause accidents
(by definition in the nodel). Therefore, the investigator is under
consi derabl e pressure to characterize some act preceding the accident as
unsafe, inadequate, or dangerous, and to do so without regard to its true
causal significance. The problemis the |ack of independence between the
identification of a cause and the occurrence of the accident. Under such
condi tions human judgnment errors (eg., the hindsight bias; see Sec D.2)
are easily made.

One step renoved fromthe unsafe acts and conditions in the causa
chain, the Heinrich nodel considers the general work and nmanagenent
“climate” that contributes to or enables the lack of safety, etc. It is
this feature of the donmino nodel that has been greatly elaborated in
recent years (eg., Petersen, 1975). The basic prem se for these expanded
nodel s is that sonme management error, om ssion, or lack of efficiency
causes the majority of conditions within which unsafe acts and conditions
can occur (for exanple, poor supervision, or inadequate naintenance).
These expanded nodel s do not contribute anything nore toward the
i nvestigation of the causes of the accident itself, and therefore
di scussion of themis beyond the scope of this review However, these are
potentially valuable contributions, because by focusi ng managenent

attention on the cost—efficiency of good safety
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practices, these nodels pronote accident prevention procedures.

How wel | does the Heinrich nodel of accident investigation neet the
pur poses outlined above? To the extent that the unsafe acts and unsafe
conditions identified in the nodel are also identified in |legislation and
regul ation, the nodel can certainly satisfy the | egal purpose of
i nvestigation. In fact, the close correspondence between this
i nvestigation nodel and the safety code | eads one to suspect either that
the Heinrich nodel was designed for this purpose, or that the safety codes
were largely informed by the Heinrich nodel. The expanded versions of the
Hei nrich nodel serve this same purpose in those cases in which safety
training, routine inspection, naintenance, and process nonitoring (eg., of
air quality) by managenent are a requirenent of |aw.

The nodel appears to satisfy the cause purpose, since it requires the
i nvestigator to nane the unsafe act or condition presuned by the nodel to
be causal. However, this aspect of the nodel has serious problens
(rmentioned above), and its potential for inaccuracy and distortion nake it
| ess than satisfactory for this purpose.

In a simlar manner, the nodel pronotes a biased description of the
events conprising the accident. The investigator is pronpted to seek out
t he unsafe, inadequate, or dangerous aspects of the event, while ignoring
facts that are presuned to be irrelevant to the cause of accidents. Such a
description cannot be conplete, and therefore cannot satisfy the research
pur pose of accident investigation either. Research cannot identify any new

causal factor if the investigation
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report only contains information about “known” causal factors. In
addition, the facts obtained using the Heinrich nodel cannot begin to
provide the detail needed for an analysis of the accident process al ong
the lines indicated by a systens theory approach (Harvey, 1984).

To the extent that conpliance with regul ati ons does prevent many
accidents, or at least mnimzes injury due to accidents, the Heinrich
nodel serves the prevention purpose well, by enforcing the safety code.
And since these investigations are capable of producing statistics on the
variety and frequency of unsafe, dangerous, and inadequate acts and
condi tions, |egislators have some direct basis for strengthening or
ot herw se nodi fying the safety code. However, the nodel is ill—suited to
prevent those accidents caused by factors not already recogni zed to be
unsafe or inadequate, and, as nmentioned above, it is ill—equipped to find
t he unknown or the unsuspected.

In sunmmary, the Heinrich nodel serves the |egal and prevention
purposes quite well, is potentially biased in the identification of cause,
and is nost inadequate for descriptive and research purposes.

2. Epi deni ol ogy.

The epi demi ol ogi cal nodel for the investigation of accidents is an
adaptati on of the nmethods used for investigating the incidence of diseases
and other medical conditions. So far as | can deternine, the goals and
met hods of the epidem ol ogi cal approach to accidents have been adopted
virtual ly unchanged fromthe original mnedical application. Epideniology is
not a theoretical enterprise; rather, it is mainly a methodol ogi cal one,

and therefore is readily used as
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a tool for the investigation of accidents. The general purposes of
epi dem ol ogy (adapted fromLilienfield & Lilienfield, 1980) are (a) to
identify the cause or causes of specific types of accident, and (b) to
provide a basis for choosing and inpl enenting preventative neasures.

The general research strategy is to identify the various person and
situation characteristics that are reliably associated with an acci dent of
some type, in order that the susceptibility of persons and the
danger ousness of situations can be determ ned and subsequently nodifi ed.
The concept of cause, as used in epidemology, is broadly defined to apply
to any variable that covaries with the incidence of the disease or
accident in question. Accidents are therefore seen to have potentially
mul ti pl e causes, but each causal factor need not be thought of as either
necessary or sufficient for the occurrence of the accident. A nore precise

statement of the “cause” purpose of epideniol ogy, then, would be “to
identify factors that are reliably correlated with a specific type of
acci dent”.

The epi demi ol ogi cal nmethod identifies three broad classes of data:
i nformati on about the agent (the object that produces the accident, or
that is in an essential way intrinsic to the particular accident), the
host (the person to whom the accident happens), and the environnent (the
ci rcunmst ances surrounding the accident that are extrinsic to the agent,
yet part of the event; eg., tinme, location, noise, light). Unfortunately,

epi demi ol ogy does not itself informthe investigator regardi ng which sort

of characteristics of agent,
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host, and environnent are to becone data. But the nethod inposes no
restriction either, and the investigator nust be guided by theory or
speci al know edge of accidents to be found el sewhere. As nentioned above,
epidem ology is a method, not a theory. In its application to disease, for
exanpl e, theory and know edge of a particul ar disease inforns the
epi dem ol ogi st that certain host, agent, and environment characteristics
are causal candidates, while other factors are nost likely irrel evant,
thus defining the observations to be nade. One can concl ude, then, that
epi dem ol ogy as an accident investigation nodel can only be as good as the
theory and special know edge of acci dents.

In application to accident investigation, epidem ology has little
difficulty in producing lists of host and environnment factors to be
recorded. Characteristics of the host are easy to define, and may include
such things as age, height, strength, job training, job experience,
accident history, sensory capabilities personal habits, amount of rest,
and so on; in short, any relevant property of persons may be included as a
host variable. Likewi se for environnental features. It is fromthese lists
of factors that the epideniol ogical nmethod seeks to identify the dangerous
situations and the persons at risk for a particular type of accident.

The difficult problemconfronting the investigation of accidents by
this method is the identification of the agent categories. Inits
application to disease, the agent is either a uniquely defined virus,

bacteria, poison, or other biological unit, or it can be described by
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a small set of synptons that are capable of distinguishing one
di sease from another. The epideniol ogi cal researcher can then select cases
for study on the basis of the specific agent involved, and di scover its
host and environment correlates. Wen applied to an acci dent, however,
describing the agent has proved to be a very cunbersone task, often
resulting in an unnmanageabl e nunber of agent categories while yielding no
benefits in terns of data reduction or increased organization
For exanpl e, the adaptation of the ANSI Z16.2 classification of

acci dents (CGovernnent of Canada, 1975) consists of a four—fold
classification for accident type, which includes (a) nature of the injury,
(b) body part affected, (c) source of injury, and (d) injury event. Many
categories and sub—ategories are listed for each of these: The nature of
injury (eg., sprain, cut, burn), 24 nmain categories; body part affected
(eg., toe, head, chest), 21 nmain parts; source of injury (eg., body
novenent, boxes, tools, vehicles), 46 main codes and up to 20
sub—eategories for each; and injury event (eg., struck, fall, caught), 14
mai n categories. To describe accidents by these four sets of variables
yields in excess of 300,000 categories of the form"'*tool —struck—toe—eut’

The question for the epidemologist is, are the instances in this
category simlar enough to each other with respect to the host and
environnent characteristics that one can identify the causal candi dates.
One can only hope. Certainly, the classification of accidents for the
pur poses of epidem ol ogi cal research needs to be re—worked, preferably

with an established theory
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of accident causation to guide the classification process. This problemis
consi dered again, briefly, in Sec. D.5.

How wel | does the epidem ol ogi cal nodel succeed in neeting the purposes
of accident investigations? Epideniology has as its focus all factors that
may contribute to an accident, and therefore the nodel has the potential to
describe events very well. Epidem ol ogy does not burden the investigator with
causal theories, and so does not have a built—n investigation bias. For
t hese reasons, the nodel can also satisfy the research purpose, at least in
principle; but a satisfactory classification schenme is not yet available, and
the nodel can satisfy research purposes only with a meani ngful and sinple
system for categorizing accidents into sinilar types.

The purpose of accident prevention can be reasonably well served al so.
To the extent that the host and environment correlates of some accident type
are capabl e of nodification, accidents can be prevented and/or injury
m nimzed. For exanple, protection for sone body part when working on a
particul ar machine is the type of prevention neasure that can be derived from
an epi demiol ogical study. Sinmilarly, the nmethod could identify the need for
special training for some group, or the need for signs or signal systens on a
particul ar nmachine or process. The reconmendati ons from epi deniology are a
product of research, and the efficiency of these reconmendati ons can be
i mproved with inprovements in the research potential of the nethod.

The ability of epidenmiology to identify the causes of accidents depends

upon the particular theory of accidents that is used to



gui de data collection. As a nethod, however, epidemniology can in principle
identify causes, in the sense that it can find the reliable correlates of a
specific accident type. The identification of cause in this nodel is a
product of research, deternmined fromstatistical inference rather than human
intuition; judgnent and good theory are needed to nmake good guesses about

whi ch accident correlates are causal and which correlations are due to a
conmon unknown causal factor.

Epi dem ol ogy by itself serves no | egal purpose in accident
i nvestigation, except for neeting the general requirenent that an acci dent be
i nvestigated. However, the nmethod could be used for this purpose if desired.
For exanpl e, an epideniological study of a particular safety regulation (the
agent, in this case) would observe the host and environnent characteristics
associ ated with conpliance and non—onpliance with the safety code
regul ati on.

In summary, the epideni ol ogi cal approach to accident investigation can
potentially serve the description, research, and prevention purposes fairly
well, and with a conplete data base could identify accident causes.

Epi dem ol ogy does not concern itself with any of the I egal purposes. To
achieve its potential, the epidemn ol ogi cal nethod needs the support of a
theory of accidents, and in addition needs an efficient and theoretically
meani ngf ul acci dent classification schene.

3. Fault Tree Mbdel s

The fault tree approach to accident investigation is an adaptation of
the met hods used in engineering to determine the safety and reliability of

any machine or system of machines, be it small (eg.
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a valve, notor, or switch) or large (eg. , an aircraft, a nuclear
power plant). Know edge of each system conponent and of the process by which
each conponent affects other parts of the systemare essential pre—onditions
for the use of such a nodel. This know edge of the system allows the engi neer
to identify the necessary conditions for an accident or systemfailure; for
exanple, to be able to state that failure Awll occur if condition X and Y
or Z have occurred. By calculating the probabilities of X, Y, and Z (i.e.
knowi ng the failure rates of the conponents) and by conbi ning these val ues
appropriately (with reference to the relati ons anong conponents), one can
predict the likelihood of failure A (eg., that the probability of a major
accident in a nuclear power plant is 1 in 10,000 years). As used in
engi neering, however, fault tree analysis considers only the contributions of
machi nes, but not those of humans. Adaptations of the fault tree approach to
the probl em of accident investigation, therefore, have attenpted to include
human deci si ons and actions as conponents of the system The Managenent
Oversight and Risk Tree (MORT) system (Johnson, 1975) is one such adaptation
and will be used here as an exanple of this general approach.

A fault tree analysis that includes the operator should do so by
consi dering how the operator interacts with each nmachi ne conponent in the
process; in other words, it should detail the operator’s sequence of
behavi ors (an operating process) at the same level as it details the machine
conmponents. However, the human elenments in MORT are not considered so much at

the operator level, but rather (as the
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nane of the systeminplies) at the managenent or supervisory |evel

The approach, therefore, tends to maintain a separation between the
machi ne system and human interaction with it. The MORT system asks, in
general, what human acts or omi ssions are the preconditions for a particul ar
component failure. Exanples of the questions posed by MORT are; was
mai nt enance or replacenment of conponent parts sufficient to prevent conponent
failure?, was the design of and use of barriers sufficient to prevent energy
transfer?, was operator training sufficient to ensure proper nachine
operation and mai nt enance?, and so on. The enphasis of this nodel is on
managenent safety practice and procedure rather than on the details of the
behavi or of the operator who experiences the accident.

When, using the MORT anal ysis, the investigator constructs a chart of
t he managenment systemrelevant to a particul ar accident, a chart capable of
identifying all possible contributing factors. For each possible contributor
X, the investigator answers the question “was X | ess than adequate?” An
affirmative answer identifies a contributing cause, a nmanagenment oversight,
and furthernore, indicates what inprovenment woul d decrease the probability of
a repeat accident.

The investigator’s judgnent in this case is biased in a manner sinilar
to the bias described in the Heinrich nodel; nanely, that since an accident
has occurred, it is presuned by the nodel that one or nore system conponents
must be | ess than adequate. It becomes too sinple for the MORT user to
conclude that “if maintenance were nore frequent, if supervision were

improved, if . . ., this accident would
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not have occurred”. One has no basis upon which to choose the nost
i mportant contributing factor, and changing all may be grossly inefficient.
In addition, the MORT nodel includes no standards by which to nmake these
“l ess than adequate” judgnents; the standards used, then, are likely to be
either the safety code or the best guesses of the investigator. Either way,
an investigation using MORT is really no inprovenent over a well conducted
i nvestigation using an el aborated Heinrich nodel. The only advantage to MORT
may be that the use of a tree diagramto describe the conpl ete operating
systemmay bring to the investigator’s attention aspects of safety managenent
that m ght otherw se be nmissed, and a nore conprehensive investigation would
result.

The MORT approach to accident investigation appears capabl e of
satisfying the sane investigative purposes as are satisfied by the Heinrich
nmodel , with the added potential to be nore conplete. MORT very likely can
satisfy | egal purposes, since regulations seemto be the nost readily
avai l abl e set of standards by which to judge the adequacy of conditions. MORT
could al so make use of industry policy regarding safety, etc., as an
addi tional set of standards for this judgment task.

MORT al so seens capable of contributing to the prevention of accidents,
because it specifically searches for those areas that need inprovenent; in
fact, accident prevention seens to be its major purpose (Johnson, 1975).

The MORT approach could do a good job of describing the facts of
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an accident, but fails in this respect due to its focus upon safety
managenent rather than upon the accident itself. The concept of a conponent
failure interacting with human failure (to perceive, or to react) to produce
accidents is consistent with a systens theory account of accident causes,
but, as mentioned above, MORT does not consider human invol vemrent at this
| evel . The nmethod has potential in this respect, but has not yet realized it.

As a source of research data, a MORT investigation is an inprovenent
over the Heinrich nodel because MORT i nposes a consistent organi zati on upon
the information to be included in the investigation. In addition, its
potential for yielding a nore detail ed description of the accident event
i ndi cates that sone variant of MORT could hold considerable pronise for
acci dent research. As a tool for identifying cause, the MORT analysis is very
simlar to the Heinrich nodel, and simlar coments with respect to biased
j udgnent and reporting apply.

In summary, MORT serves | egal purposes and safety managenent purposes
(prevention) reasonably well, although its approach to prevention appears to
be broad (the shotgun approach) rather than focused. For the purposes of
descri bing the accident, identifying causes, and conducting research, MORT is
at present (and in the words of the nodel) |ess than adequate.

4. Multilinear Events Sequencing.

The multilinear events sequenci ng nodel (Benner, 1975, 1980, 1983;
hereinafter called Benner’s nodel) was devel oped largely in response to the

i nadequaci es found in the Heinrich nodel and ot her
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wi dely used accident investigation strategies. Benner’s nodel is clearly
informed by and is consistent with a systens theory approach to accident
causation (Harvey, 1984), in that it seeks to identify the events in the
accident process fromthe initial perturbation (a departure fromthe norma
operating process)through to its harnful or damagi ng conclusion. Unlike other
approaches, Benner’s nodel focuses exclusively on the accident episode,
al though it makes use of the descriptive logic found in fault tree analysis
when expanded to consider contributing conditions.

Benner’ s nodel for accident investigation consists first in identifying
all the actors involved in the accident episode. These actors can be either
persons, or an object capable of action (i.e., it can nove, enit sound or
light, can fail to nove when expected to do so, etc.), and the analysis of
the accident involved docunmenting the actions of each actor fromthe
beginning to the end of the episode. The basic unit in Benner’s nodel is the
event, defined as a single actor and a single action. The investigation
proceeds by organi zing these events in tine, fromthe initial perturbation to
final injury, with each actor described on a separate tinme line while
mai ntai ning the correct time ordering of events between actors. The results
of such an investigation would yield a conplete description of the state of
each actor at every point in time. To conplete this picture of an accident,
Benner suggests that the conditions necessary for each event to occur (if
known) can be indicated for each event. Unfortunately, Benner is vague when

defining these enabling conditions,
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referring only to “conditions that nust have existed for the events to occur”
(1975, p. 71). FromBenner’'s illustration of a condition, it seens that an
i nvestigator seeks to answer the question “under what condition C would event
E not have occurred?”, and the necessary condition then becones the absence
of C (eg., because the rug was not nailed down (a condition), the rug slipped
(an event)). In Benner’s nodel these conditions are not treated as causes,
but rather, as indicating possible solutions for accident prevention

Benner’ s nodel satisfies the descriptive purpose very well; not only
does it advocate a detailed reporting of events, but it also insists that
detail ed tenporal information be included. In addition, unlike nodels
di scussed previously, Benner’'s nodel identifies the tenporal linmts of the
i nvestigation, beginning at the nost recent occasion of system honeostasis,
or nornal cy. However, by making provisions for including conditions in the
i nvestigation, the investigator could if desired go beyond these tenpora
limts and consider such things as safety training, naintenance, barriers,
etc.

Benner’ s nodel can al so satisfy the research purpose, since the
descriptive data are conplete and well organi zed. But Benner’'s nodel, I|ike
t hose di scussed above, does not offer an accident classification system H s
nmodel seens best suited to a case-by—ease analysis of accidents, and does not
explicitly provide a neans of conparing or aggregating acci dent cases.

Prevention of accidents can also be well served by Benner’s nodel, and

this can be acconplished in tw ways. First, to the extent
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that enabling conditions are identified, preventative nmeasures could be
considered for them And second, the know edge about acci dent process details
contained in the “events” analysis may identify the changes that could be
made to the human —nachi ne operating system (eg., slow down, speed up
change distance, etc.); in short, the analysis nmay suggest another way to
design the task.

Wth respect to cause and | egal purposes, Benner explicitly asserts that
hi s nodel does not seek causes, and nothing in the nodel is defined with
reference to an explicit or inmplicit safety code (eg., the terns unsafe and
i nadequate are not enployed in any definition). O course, Benner’'s nodel can
identify cause, in the sense that it can in principle provide a description
of a sequence of events ending in an injury (this sequence becones the
cause), and enabling conditions could constitute safety code viol ations. But
Benner insists that accident investigations that seek causes and/or
violations (I think he has the Heinrich nodel in nmind here) generate
adversarial relations, when cooperation anong all concerned will provide the

nost reliable description of the events sequences required by Benner s
nodel

In summary, Benner’s nodel for accident investigation can provide
quality information for research and prevention purposes, primarily because
it provides an excellent description of the accident process. The node
explicitly avoids causal and | egal purposes, with sonme justification; but the

nmodel can satisfy these purposes by considering enabling conditions in

addition to the events sequences.
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5.Benner’s (1983) Evaluation Criteria.

Benner (1983) has suggested 10 criteria by which to judge the nerits of
an accident investigation nodel. | will briefly describe these, and indicate
how each is related to the five purposes of an investigation described
earlier.

A nodel should be realistic (1); that is, it should require a conplete
and adequate description of the accident. This criterion is clearly rel evant
to achi eving the descriptive purpose. A nodel should also be definitive (2),
by clearly defining what observations are to be made. Furthernore, what to
observe should not be directed by the requirenments of the data anal ysis;
rat her, data analysis should be directed by the nature of the accident
phenonena. This criterion serves both the descriptive and research purposes.

A nodel should al so be satisfying (3), conprehensive (4), and
disciplining (5). By these criteria Benner neans that a nethod shoul d provide
informati on that can nmeet the goals of the investigative agency (eg.
prevention, or regulation), should not require followdp investigations or
i nvestigations by other agencies, and should use a strict termninology for
reporting, such that all parties concerned understand the investigation in
the sane way. These criteria can pronote the |egal, descriptive, and research
purposes, and further, seemdirected toward the overall efficiency of the
i nvestigation.

A nodel should al so be consistent (6), in that two investigators of the
sane acci dent should produce sinilar reports; and functional (7), neaning

that the investigation should relate directly to the
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operating systemw thin which the accident occurred. These criteria serve
research purposes primarily, but al so prevention purposes, since an
investigation that relates directly to the work process can suggest
nmodi fication and i nprovenent in that process. Benner al so advocates a node
that is direct (8), so that a single accident investigation is sufficient to
recomend procedure changes. This criteria serves the prevention purpose, and
greatly decreases del ays between the investigation and reconmendations for
change.

Two final criteria, that a nodel be non—eausal (9) and that it be
visible (10) seemto be directed toward the goal of good public rel ations.
The non—ausal criterion reflects Benner’'s fear that finding cause is
perceived to nmean finding fault, which results in antagoni sm between
i nvestigator, worker, and managenent, with a subsequent |oss of data
reliability. The visibility criterion refers to the distribution of the
i nvestigation report to all parties concerned, in a formthat is understood
by all. Such feedback, Benner believes, should increase the appreciation for
bot h acci dent investigations and the reconmended safety procedures.

O the general nodels for accident investigation reviewed here, both
Benner (1983) and the present author agree that Benner’s nodel nerits the
hi ghest rating, and this agreenment is achi eved even though these two
judgnents are based upon different evaluation criteria. Benner’s nodel has an
addi tional advantage, in that there is a close correspondence between it and

the systens theory approach (Harvey, 1984) to accident causation
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D. Issues Relevant to Accident |nvestigation

In this section | will briefly discuss several issues relevant to the
conduct of an accident investigation. These issues will not be resolved here,
but are brought forward for the purpose of discussion. It is inportant to
consi der these issues regardl ess of what accident investigation nodel is

ultimtely adopted or devel oped.
1. Gat hering facts.

The investigator should be concerned primarily with the facts of the
accident, and should beware of confusing facts with inferences,
presuppositions, or evaluations. Therefore, an accident report should avoid
the use of nodifiers such as unsafe, etc., and use evaluatively neutra

nmodi fiers only. If an investigation nodel requires judgnments as well as
facts, the structure of the report should clearly separate these from each
other. The accident nodel can assist the investigator in the identification
of relevant facts by clearly defining the endpoints of the accident episode,
and by distinguishing fact frominference and judgnment. A fact only approach
shoul d promote better description and nore useful research data. In addition
many of the reporting biases could be avoided if investigators adopt .this
attitude. The accident investigation nodel and the underlying theory of

acci dents can gui de decisions regarding the facts to be included in the

report.
2. Avoi di ng bi as.

Recent research in social psychol ogy has docunmented nunerous errors and

sources of bias relevant to human i nference and deci sion
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maki ng (these are very well presented in N sbett & Ross, 1980), and severa
of these are relevant to the accident investigation process. There is a
strong tendency, for exanple, to believe that one could have anti ci pated,
predi cted, foreseen, or avoi ded sonme event, given the knowl edge that the
event has occurred (the hindsight bias). An investigator, know ng that the
acci dent has occurred, may believe too strongly that it could have been
antici pated and therefore avoided; the result would be to find fault with
precedi ng acts or om ssions when this may be unjustified.

Anot her bias concerns the tendency to seek evidence that confirns a
causal hypot hesis while ignoring evidence that would or could disconfirmit.
An investigator who approaches an accident with the belief that fatigue
causes accidents would actively seek evidence for fatigue, but would
unwittingly pay less attention to other possibilities. The perceived
simlarities between accidents nmay al so bias an investigator; for exanple,
because accident A renminds the investigator of accident B, the investigation
of A may be inappropriately directed by the conclusions and reconmendati on
fromthe investigation of B

The best protection agai nst these and ot her biases would consist of an
i nvestigation nodel that discourages inference and hypothesis, and encourages
fact—inding only. Know edge of these biases nmay also alert investigators to
the possibilities for bias in their reports.

3. Regul ations. As nentioned previously in this review, the
violation of a regulation is not necessarily a cause of an accident, and it

may be
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only of minimal inportance to the accident episode. However, the
i nvestigation has as a major purpose the nonitoring and enforcenent of the
safety code, and violations need to be found and reported sonmewhere. In order
not to distract the investigator fromseeking the facts of the accident, and
to avoid bias that nmay be introduced in the quest for violations, it is
suggested that the investigator maintain i ndependence between the | ega
pur pose and the descriptive purpose. This may be achi eved by maeking the | ega
purpose the last to be satisfied, and by reporting on possible safety code

violations only in a separate section of the report.
4. Investigator conclusions.

The issue here is, should an investigator nmake conclusions, etc., and if
so, what type should these be? On—site investigators have accunul ated t hrough
experi ence consi derabl e know edge of accidents, and one should take advant age
of this. However, since this informal know edge is subject to biases of
various kinds, it may be better to treat the recommendati ons and concl usi ons
as informed opinion rather than as additional facts about the accident.
Concl usi ons about the cause or causes of the accident, then, mght be clearly
separated fromthe “facts” section. It is the role of research on the facts
of many accidents to nmake unbi ased inferences about causes, and efficient
recomendations for prevention, and a field report should not be allowed to

i nfluence the research product unduly.
5. Accident classification.

To neet the research needs associated with accident investigation
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it is necessary to have an accident classification scheme. Such a
schene should allow for the nmeani ngful aggregation of investigation reports
into a small nunber of categories, and these categories should contain
accident reports that are sinmlar to each other in sonme inportant way. The
difficult questions are howto create categories that are useful, and what
constitutes neaningful sinmlarities and differences anong and between
accidents. It is clear that the only nodel that attenpts classification
(epi demi ol ogy) is inadequate for this purpose

One step toward solving this problem | believe, is to consider the
variety of operating systems within which accidents occur, and to develop a
job or task or process classification for accidents. Systens theory is
concerned with process, and so is Benner’s nodel for investigations.
Consistent with the theory and the nodel, a useful classification schenme

m ght categorize accidents by the nature of the task concerned. One coul d

aggregate all accidents that occur while painting, or fixing, or using hand
tools, or power tools, or while noving fromone job site to the next, for
exanpl e, rather than a classification based upon the nature of the injury.
Intuitively, it seenms that there would be greater sinilarity anong accidents
that occur while operating a drill, a saw, and a lathe, than there is anong
all accidents involving a cut to the hand, or that concern damage to sone

ot her body part.
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E. Summary.

Four accident investigation nodels were reviewed and evaluated with
respect to five commonly cited purposes that they are neant to serve; |egal
descriptive, causal, prevention, and research. O these nodels, the
mul tilinear sequencing of events approach recently proposed by Benner (1975)
was judged the best. Wdely used nodels derived from Heinrich' s doni no nodel
of cause was found to be poor for descriptive purposes, and subject to biases
in reporting. The epideniol ogi cal nodel, also widely used, was judged to be
i nadequate prinmarily because it requires a theory for its inplenentation
(this has not yet been done), and because its classification of accidents is
unwi el dy. Fault tree analyses (eg., MORT) are potentially nore descriptive
than the Heinrich nodel, but these too introduce bias and thus far have
failed to require that accident episode details be reported

Several issues were rai sed concerning the conduct of an accident
i nvestigation. Inportant anong these are the necessity for keeping separate
the facts, on the one hand, from opinions, inferences, and safety code
violations, on the other. It is also inportant to recognize the variety of
bi ases that can affect human judgnent and inference. Finally, it was
recommended that efforts be nade toward the devel opnent of a theoretically

gui ded system for the purpose of accident classification



-32 —
Ref er ences

Benner, L. Accident Investigations: Miltilinear Events Sequenci ng Met hods.
Journal of Safety Research, 1975, 7, 67—43.

Benner, L. Accident Investigations —A case for New Perceptions and
Met hodol ogi es. Soci ety of Autonotive Engineers, Inc., 1980.

Benner, L. Accident Mdels: How Underlying Differences Affect Wrkplace
Safety. Presented at the International Sem nar on Cccupational Accident
Research, Septenber, 1983, Saltsjobaden, Sweden.

Ferry, T. S. Mddern Accident |nvestigation and Analysis. John Wley & Sons;
New York, 1980.

Governnent of Alberta, “Field Instructions —IP 106"; Wrk Site Services,
Cccupational Health & Safety Division, Wrkers' Health, Safety, and
Conpensation; July, 1979.

Gover nnent of Canada, “Modifications to the ‘Standard C assifications
Proposed for the National Systemfor Statistics on Work Injuries, April,
1973.'" Special Projects Section, Health Division, Statistics Canada;
April, 1975.

Harvey, M D. Theories of Accident Causation. QOccupational Health and Safety
Di vision, Wrkers' Health, Safety, and Conpensation, Governnent of
Al berta; Decenber, 1984.

Heinrich, H., Petersen, D., & Roos, N Industrial Accident Prevention. (5th
edition), New York, McGawHill, 1980. (Original edition, Heinrich, H,
1931).

Johnson, WG MORT: The nanagenent oversight and risk tree. Journal of Safety

Research, 1975, 7, 4-45.

Lilienfield, AM, & Lilienfield, D E Foundations of Epidem ol ogy. New York;
Oxford University Press, 1980.

Ni sbett, R, & Ross, L. Human Inference: Strategies and Shortcom ngs of
Soci al Judgnent. Englewood diffs, N J., Prentice—Hall, 1980.

Petersen, D. Safety Managenent —A Hunman Approach. Engl ewood, N.J., Al oray,
1975.






