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ABSTRACT The idea of accident proneness, which originated in the early 1900s, has proved to be
ineffectual as an operational concept. Discrete econometric methods may be useful to find out
which factors are at work in the process that leads to accidents and whether there are individuals
who are more liable to accidents than others.

The history of the concepts "accident liability" and
"accident proneness" goes back to the 1920s when
Greenwood and Woods,' Greenwood and Yule,2
and Newbold3 performed their statistical studies of
accident frequency distributions. The term accident
proneness was first mentioned by Farmer and
Chambers.4 Their original definition said, "accident
proneness is a narrower term than accident liability
and means a personal idiosyncrasy predisposing the
individual who possesses it in a marked degree to a
relatively high accident rate. Accident liability
includes all the factors determining accident rate,
accident proneness refers only to those that are per-
sonal." Accident proneness thus seems to be a rela-
tively stable and entirely personal characteristic that
predisposes some workers to have a higher accident
rate than others, although all workers are exposed to
equal risk. Apparently it is meant to define some
stable personal trait as opposed to some characteris-
tics of the environment. The implied advantage of
this reasoning is that after having found out who the
accident prone cases are in a group, their removal
from it should result in a decrease in the relative
frequency of accidents sustained by the remainder.
Critical reviews of this line of reasoning are given
by, for example, Cobb,5 Smeed,6 Minz and Blum,7
and Arbous and Kerrich8; (see also Adelstein' s
empirical findings9). In fairness to the original inves-
tigators (Greenwood, Woods, Yule, and New-
bold'-3) it must be observed that they themselves
made no inferences regarding accident causality
based solely on the frequency distribution. This,
however, has not prevented others from doing so
and frequency distributions are often used as a proof
that a relatively small group of individuals is
"responsible" for a high proportion of accidents,
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which has erroneously led many to formulate the
concept of accident proneness as a means of expla-
nation.
My work on the war proneness of nations (see

Houweling and Kune'°) has led me to study pub-
lished reports of accident proneness. It seems from
these that accident proneness is not a useful concept
but they have given rise to much important statisti-
cal work. The present paper deals with some aspects
of the concept of accident proneness and directs
attention to the relevance that discrete econometrics
can have for research on accident liability.

Earlier statistical studies on accident proneness

In 1919 Greenwood and Woods carried out their
classic experiment in a British munitions factory and
documented the distribution of accidents that incur-
red in 13 months, as reported by 648 female work-
ers.' It was found that 105% of workers were con-
cerned in 56% of the accidents. A relatively small
proportion of workers thus sustained a relatively
high proportion of accidents. The authors, however,
were reluctant to draw inferences regarding causal-
ity. Newbold continued the statistical investigations
begun at the munitions factory and extended them
to include other occupational groups.3 Rawson ana-
lysed the possible causes of accidents of 1400 truck
drivers." Cresswell and Frogatt carried out a study
of the accident records of bus drivers in Northern
Ireland over the years 1952-5'2; Mellinger et al
studied the accident repeatedness among children.'3
More references are given by Haight.'4 More
recently the accident causing propensity of auto-
mobile insurees as a regular Markov process was
analysed by Hachling von Lanzenauer and Lund-
berg. 1

In a statistical analysis it is essential to define as
precisely as possible what is being analysed. For
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Accident liability

instance, the word "accident" has been used in
many senses and this has led to confusion in compar-
ing and analysing statistical data. There seem to be
at least three important errors that (can) make the
validity and representative nature of an accident
frequency distribution doubtful.

Reporting bias The question arises as to which
accidents are reported and which not. Often what is
being measured is not the occurrence of accidents
but the tendency to report accidents. Many acci-
dents are relatively minor and therefore difficult to
document accurately. Merely because they are not
dramatic many of them are not reported.

Different events The term accident may indicate
entirely different events. Injury to oneself, injury to
others, and damage to property can be distin-
guished. In fact one might expect that the tendencies
to injure oneself and to injure others may be entirely
different aspects of one's personality and the ten-
dency to damage property may be still a third aspect.
Furthermore, accidents differ from one another
from the point of view of who initiated the chain of
events that eventually led to an accidental injury and
who was actually injured.
Duration of the observational period Accidents,

particularly the minor ones, tend to be distributed
more evenly over a long observation period than
over a shorter. For example, if on one day one
worker had an accident we can say that that worker
was in 100% of the accidents. To generalise beyond
this and to conclude that this worker is accident
prone would be inappropriate. Schulzinger
observes, "it appears that when the period of obser-
vation is sufficiently long, the small group of persons
who are responsible for most of the accidents is
essentially a shifting group of individuals with new
persons falling in and out of the group."'6
Greenwood et al formulated three hypotheses-

pure chance, proneness, and contagion-to explain
the observed frequencies of accidents.' 2 With
respect to all three hypotheses it was assumed that
individuals are working under conditions of equal
environmental risk. If accidents are assumed to
occur by pure chance in a homogeneous population
this hypothesis leads to a Poisson distribution. In
this case a decrease in the accident rate might be
obtained by ameliorating general working condi-
tions. The hypothesis of proneness assumes that
workers are not equally likely to have accidents.
Rather, they may be divided into subgroups, each of
which has its own susceptibility to accidents. The
overall distribution of accidents is then a compound
formed by a number of subdistribution, each of
which is a Poisson, with the Poisson parameter
showing, for example, a gamma distribution (Pear-
son type III). The resulting distribution is a negative
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binomial. If this hypothesis is true removal of the
accident prone cases from a group will result in a
decrease in the casualty rate. Note that the same
result is obtained when the population is assumed to
be homogeneous but when different workplaces
with varying conditions of environmental risk may
be distinguished. The third model, representing con-
tagion, assumes that the individuals all start work
with an equal probability of incurring an accident.
Nevertheless, if one incurs an accident by chance,
his liability of sustaining further accidents is
increased or decreased in a certain way. This model
may also result in a negative binomial distribution,
which, in the univariate case, has the same para-
metric form as that which results from the model of
proneness.

If a population is homogeneous with respect to
personal attitudes or environmental factors then a
Poisson distribution will follow. The converse does
not necessarily hold. An illustration of this with
respect to railway accidents is given by Maritz.'' If a
population is non-homogeneous with respect to per-
sonal attitudes or environmental factors or both then
a non-Poisson distribution of accidents will follow,
which may be the negative binomial distribution
(NBD). On the other hand, if the observed distribu-
tion is found to be a negative binomial then this may
be explained by non-homogeneity of the population
with regard to either personal attitudes or environ-
mental factors or both. Note that entirely different
hypotheses may also give rise to the NBD (see Bos-
well and Patil'8). Even if the hypothesis of non-
homogeneity can be accepted as the true explana-
tion of the observed NBD, one still does not know
whether this is due to non-homogeneity in either
personal attitudes or environmental factors or both.
This causes much confusion. For occupational
health, ergonomics, preventive medicine, and safety
authorities have often been too ready to assume-
out of many hypotheses-that the observed NBD
means non-homogeneity with respect to personal
attitudes only, thereby disregarding the role of
environmental factors calling people and not work-
places accident prone. It must be concluded, there-
fore, that there is no easy way to infer from fre-
quency distributions who the accident prone cases
are.

Discrete econometrics: a new approach

To find out whether particular personal characteris-
tics and environmental factors exist which influence
the accident liability of individuals in a significant
way econometric analysis may be useful. The correct
specification of the relationship between accident
liability and its determining factors appears to be a
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difficult problem. Structural model building is a use-
ful instrument for solving the specification problem.
Causal modelling procedures that have been
developed in biology,'9 medicine,20 the social sci-
ences,2' and on a wide scale in economics provide a

means of constructing structural models that depict
the causal relationships that are hypothesised as

existing among a system of interrelated variables.
Once a model has been formulated a set of relation-
ships may be written and the model parameters
estimated. This set of equations permits predictions
as to how changes in any one variable in the system
affect all other variables. The model shown in the
figure reflects some tentative hypotheses regarding
the causal relationships between a number of
selected exogenous variables and a number of
endogenous variables in respect of a group of work-
ers exposed to risk of accident. Following Webb,22
an accident may be conceived as a condition of lia-
bility, as an event subject to and contingent on the
existence of identifiable, at least in a theoretical
sense, events. A categorisation of such events is the
following.

Factors within an individual-for example, intel-
lectual and physical capacities, fatigue, illness, level
of education and training.

Factors outside an individual-that is,
characteristics of the sociotechnical en-
vironment-for example, the company, the firm,
the workplace; quality of the maintenance, safety
measures, instruction, or communication.
The two groups of variables denoted by an aster-

isk in the figure are exogenous variables. Variations
in these variables are assumed to be caused by vari-
ables outside the system. The other variables,
characteristics of the workplace and personal
attitude towards risk and safety, are endogenous
variables and as such are considered to be deter-
mined at least in part by some combination of the
variables in the system. The interpretation of the
model relations is:

(1) The characteristics of the workplace are
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influenced by the characteristics of the company-
for example, its financial and economic conditions,
type of production, technology used, management,
general labour conditions, or safety measures. Evi-
dently there is interaction of the sociotechnical envi-
ronment, the personal attitude of workers, and acci-
dent liability.

(2) The personal attitude of workers towards risk
and safety is influenced by underlying personal,
physical, and psychological characteristics of the
individual such as age, sex, education, income, social
status, physiological handicaps, disorders of the ner-
vous system, fatigue, illness, intelligence, work
satisfaction, or alertness. Generally, personal
attitudes are positively influenced by characteristics
of the workplace-for example, good working con-
ditions, safety measures, proper training, and
instruction.

(3) Accident liability depends on the two groups
of variables referred to, the characteristics of the
workplace and the personal attitude of workers
towards risk and safety.
The causal model depicted may easily be written

as a set of linear structural equations that represent
the hypothesised relationships that underlie the
model. These structural equations are of a simul-
taneous character, because the endogenous vari-
ables are determined not only by the exogenous var-
iables but by other endogenous variables as well. As
is shown in most econometric textbooks the
endogenous variables may be expressed as functions
of the exogenous variables only. They are called
reduced form equations.23 The resulting equation
with respect to accident liability (AL), is given,

AL = bo + b1CC* + b2CI* + U (1)

where AL = 1 for individuals who had at least one
accident during the observational
period, or
0 for all individuals who were not
concerned in any accident,

CC*= a set of variables representing
characteristics of the company,

CI*= a set of variables representing
characteristics of the individual
worker,

bo= intercept term, and
U = disturbance term. We assume a normal

distribution for the disturbance term
with zero expectation.

The reference period must be sufficiently long to
ensure that differences in liability observed are
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Accident liability

reasonably stable and persistent over time. This type
of analysis may help us to find out whether there are
individuals with stable personal characteristics
which make them more liable to accidents than
others or whether there are only sociotechnical
environmental factors at work or both.
The presented reduced form equation can be con-

sidered as a multiple linear regression equation. The
estimation of the unknown a-parameters is usually
carried out by means of ordinary least squares.
Theoretically, however, multiple linear regression
analysis is not quite appropriate for estimating rela-
tionships where the dependent variable is binary-
that is, takes on only two values, representing
occurrence or non-occurrence of some event.
The objects raised against the use of OLS-

methods to estimate parameters of the above linear
probability model are:

It can yield predicted probabilities outside the
acceptable interval [0, 1].
The true probability relationship is more likely to

be S-shaped than linear, approaching the limiting
probability values of zero and one asymptotically.
The OLS assumptions that the disturbance terms

are (a) normally distributed with zero expectation,
(b) homoskedastic-that is they all have the same
variance-are violated.
The heteroskedasticity that arises causes the OLS

estimator of the "b"s to be inefficient, though it
remains unbiased. Furthermore, the variance of the
"b" s is biased. Thus we cannot apply the classic tests
of significance for the estimated parameters, since
the tests depend on the normality of the errors. Also
traditional R2 is no longer meaningful.
The heteroskedasticity problem may be solved by

using a weighted least squares procedure. The prob-
lem may also be avoided by estimating the model by
maximum likelihood methods rather than by a least
squares procedure. Maximum likelihood methods,
however, are much more difficult computationally
than the method of least squares.
The real problem with a linear model for a qual-

itative dependent variable, as previously argued, is
that a linear functional form may be inconsistent
with the requirement that a probability be in the
interval [0, 1]. This can be solved only by using a
different functional form that is restricted to [0, 1].
The linear model, therefore, has to be abandoned.
Probit analysis, originated in biology, has been
proposed as a preferential technique to correct for
the above mentioned technical problems.23-25 One
can find numerous applications with respect to such
things as choice of occupation, job and firm location,
union membership, migration, transportation
choice, purchase of consumed durables, housing,
birth, schooling, crime, and justice. For a survey see
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Amemiya.26
Write equation (1) as follows,

Yi =X;b +Ui, i= 1, 2,...,n (2)

where Y1 is the value for individual i of the depen-
dent variable, Xi is the vector of explanatory vari-
ables of individual i, b the coefficient vector, U a
vector disturbance term, and n the number of obser-
vations.

The probit model assumes that the dependent variable
is generated by the following mechanism,

(a) for each observation Xi and disturbance term
Ui the underlying process makes X;b - Ui > 0
or X;b - Ui < 0;

(b) when X;b - Ui > 0, Y; is set equal to 1, other-
wise Y, is set equal to 0.

Now we have,
Pi = P[Y= I I X;b]= P[Ui < X;b]

fX,b 1
. exp (- JU)dU,

= F(X'b), i = 1,2, ...,n (3)

The predicted probability Pi resulting from the
probit model may be interpreted as the conditional
probability that an individual will have one or more
accidents during the reference period, given the
whole set of individual and environmental charac-
teristics.
The probit model is non-linear and is not as easy

to estimate as a linear model. An adequate method
of estimation is maximum likelihood. The principle
of maximum likelihood necessitates choosing b as
estimate of b in such a way that, if they actually were
b, the given observations would have the greatest
probability of occurrence. The form of the likeli-
hood function is fairly simple. It is the product of n
probabilities, one for each observation, where for
each observation we use the probability of the
observed value of Y. The likelihood function may
therefore be written as,

n

L= HPT,.( -pi)1 Yi
i= 1

(4)

The estimates are obtained by maximising the
logarithm of (4) numerically with respect to b. This
necessitates the use of an algorithm, starting from
some set of initial guesses for b. For large n, the
maximum likelihood estimators of b are unbiased
and efficient and are also normally distributed.

Conclusion

There seems to be no agreement in published
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reports on what, in fact, constitutes a scientifically
operational definition of accident proneness. The
area is fraught with contradictions-for example
some authors assert that accident proneness is a
fixed quality, which imbues individuals with differ-
ent strength of accident attraction,27 whereas others
assert that accident proneness is not a fixed quality,
but is likely to be affected by changes of the physical
and mental health, which may alter in accordance
with one's changes in activity. Analyses of frequency
distributions of accidents do not provide an ade-
quate means to find out who are accident prone or
more liable to accidents than others due to fixed
personal characteristics.

Econometric analyses may show which factors are
at work in the process that leads to accidents and
whether some individuals are more liable to acci-
dents than others. Because the dependent variable
only takes on values 0 and 1 ordinary regression
analysis cannot adequately be applied. To avoid the
difficulties implied other approaches have become
available of which probit analysis is widely used.
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