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Abstract: We propose a new approach to analyze the mechanism of occupational accidents,
employing the economic concept of incentive. In the existing literature of occupational accidents, a
human factor is regarded as one of the main causes of accidents. For the prevention of occupational
accidents, therefore, human actions are considered to be the target of control. Accident reports in
Japan usually place their focus on listing up of unsafe actions. But watchwords to stop unsafe actions
which are often seen in occupational setting do not necessarily assure the change of worker’s
behaviors. From the viewpoint of economics, which has developed the analytical tools for actions, it
is assumed that a man who took unsafe actions in an occupational accident must have had an
incentive to do so. We argue that the most important thing in drawing plans to prevent occupational
accidents is to provide proper incentives for managers and/or workers to avoid unsafe actions. We
first illustrate the way of analyzing occupational accidents with the notion of incentives by
introducing an example, and then discuss the possible applications to accident prevention plans.

Keywords: Occupational Accidents, Human Factors, Incentive, Economics

4 Introduction

To draw up effective occupational accident prevention measures, studying about and learning
from past accidents are crucial. For this purpose, efforts have been made to collect information on
past occupational accidents, analyze mechanisms of its occurrence, and develop systems that can
easily be used by managers and workers on the job to browse through the analyzed results. In Japan,
the Relational Information System for Chemical Accidents Database (RISCAD), the Petroleum
Energy Center - Safety Assist For Engineer in Refinery (PEC-SAFER), and the Failure Knowledge
Database are such systems.

There are roughly two possible approaches in analyzing the causes of and in planning preventive
measures for occupational accidents. One method analyzes errors and accidents that occur in the
nonbehavioral physical engineering systems; and the other approach analyzes human errors that
occur in the behavioral dimensions of managers and workers.

For errors and accidents that occur in physical engineering systems, the method of probabilistic
risk assessment (PRA) is well developed. However, researchers point out that the development in the
understanding of the occurrence mechanisms of human error and assessment of probability of human
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error are rather behind when compared with the PRA method for physical engineering systems. For
example, Bedford & Cooke (2001) pointed out that “Despite many years of research, there are still
no very satisfactory models for human reliability” [1]. '

We believe that the current analytical methods used for the development of human error
prevention measures are not entirely satisfactory for the following reasons. One reason is because
the general trend in the current human error prevention measures does not go so far as to consider
practically applicable measures to guide humans (for example, managers and workers) to behave in
the way we desire (for example, safer behaviors). While emphasis on the importance of safety
behaviors (to dissuade unsafe behaviors) itself may pose no harm, it offers neither analysis on
practically applicable measures nor new ideas that can be used to guide others into behavior in a
certain way. For example, in a situation where we wish to have workers wear safety belts, Takagi
(2011) commented that “we must consider how workers can be encouraged to wear safety belts” [2].
The question here is the kind of measures that can be used to guide managers and workers to choose
favorable behaviors.

To assess the occurrence mechanisms of human error and to design preventive measures against
human error, we believe that the economic way of thinking, which is founded upon the concept of
“incentives,” and the game theory way of thinking that considers the notion of strategic
interdependency among individuals are important. This is because we think that economics and
game theory provide theoretical tools based on the concept of incentives to understand why people
choose certain actions and thus offer a framework that can be applied to formulate solutions for this
problem.

The research was conducted to claim the efficacy of the way of thinking used in the field of
economics and game theory when analyzing occupational accidents and drawing up preventive
measures. Although a preliminary version of this idea can be seen in the paper published by Hausken
(2002), the idea remained highly abstract [3]. This is the first step of a series of research that aims to
develop practical applications of this idea.

Methods

First, data on actual cases of occupational accidents involving human error were collected and
organized. Various reports on occupational accidents, compiled in a database of accidents reported
in Japan, were examined and occupational accidents that were caused by human error or
organizational error were extracted. Information on the extracted accident cases such as the
background of the accident, sequential development of the accident, details of human error, etc. were
then organized. These were further categorized to reveal the occurrence patterns of the accidents.

Next, the basic idea behind the way in which the way of thinking used in the field of economics
and game theory can be applied to the observed occurrence patterns of the accidents for formulating

preventive measures, is organized and explained.

Case Studies of Occupational Accidents

Cases of occupational accidents recorded in the three databases listed below were chosen as the
population of the study.
@RISCAD: National Institute of Advanced Industrial Science and Technology (AIST) and Japan
Science and Technology Agency (JST)
® PEC-SAFER database: Petroleum Energy Center (managed by Japan Petroleum Energy Center
since April 2011)
® Failure Knowledge Database: Japan Science and Technology Agency (JST) (managed by
Hatamura Institute for the Advancement of Technology since April 2011)
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Cases of occupational accidents in each of the three databases were searched using keywords
such as “human factor” and “human error” and a total of 212 such cases were found. Their
breakdown was 38 cases in database @, 154 cases in database ®, and 20 cases in database ®. Due to
the characteristics of the databases, accidents included as the population of this search were confined
to primarily chemical related accidents.

Of the total 212 cases of occupational accidents, 155 were judged from information written on
the report as accidents that were due to strong influence of chance and were therefore excluded from
further examination. This left 57 cases of accidents for categorization. Examples of the accidents are
shown in Table 1.

Table 1 Examples of theaccidents

030

(985/12/21)

The cases were categorized according to the cause of occupational accidents. The cause of
occupational accidents which was frequently raised by the incident reports are listed in Table 2. The
five most frequently stated causes of accidents are examined below.
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Table 2: Patterns of human error

[tems Cases

Lack of communication 21
Habituation 14
Inadequate staffing 6
Lack of training and/or ignorance 27
Misjudgment due t.:o unwarranted 7
assumptions

Breach of internal regulations 9
Lack of internal regulations 13
Inadequate safety measures at the 4
corporate level

Violation of law 2

Lack of training and/or ignorance

There were many accidents that were thought to be caused by lack of knowledge such as
operational procedures that the personnel in charge of the operation are reasonably expected to have
knowledge of. This explanation goes hand in hand with the interpretation that the management had
not trained their employees on indispensable knowledge. The thinking behind the solution that says
that if lack of knowledge was the problem, teaching would be the answer, is simple.and can easily be
understood. However, the problem is not that simple. This is because simply having knowledge of
something has no direct link with preventing accidents. Every driver knows that driving 100 km/h on
an ordinary road is dangerous. However, despite this knowledge, people drive over 100 km/h for
various reasons.

Lack of communication

Lack of communication typically appeared in the form of insufficient exchange of information.
Unshared information among workers within the same department, among different departments
within the same firm, and between companies (typically

with cooperative companies), became the cause of an accident. Three explanations as to why
information may not be shared are raised as an example. @ Since exchange of information takes time,
the workers omit to do so. Especially when the worker was to leave the field after the exchange of
information, maybe the worker becomes (though nonconciously) somewhat careless. ® The worker
mistakenly assumes that information that needs to be shared has already been shared. The worker
makes the assumption (either consciously or nonconsiously) that whatever the worker knows must
also be known by another. ® The worker lacks understanding of the importance of information
sharing. And for this reason, the worker had never even thought about checking whether information
is shared or not. ‘

Habituation

Even when the worker was engaging in activities that entail high risks when viewed objectively
(such as short cut behavior and breach of rules), if the same action was repeated every day and days
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passed without an occurrence of an accident, the worker might begin to suppose that the high risk
action cannot become the cause of an accident since it had not caused one all this time, and as a
result, it might work to reinforce the high risk activity. In the case where it is handling of chemical
substances, even when the substance is actually hazardous and must be handled with plenty of care,
it is not difficult to imagine that as constant handling of the substance continues, one might begin to
feel as if there were no danger in handling the substance. A

Lack of internal regulations

This was the case in which the scope of work and work procedures were not clearly defined.
This cause was often pointed out in accidents where lack of communication had also been attributed
as one of the causes. The understanding behind this is that the lack of predefined rules regarding
information sharing (the types of information to be shared, with whom, at what point, and how it
should be shared) was the source of the problem. It is easy enough to point out the lack of
regulations after the accident. However, it can be less than apparent as to what should be specifically
included in the rule when the accident is yet to occur.

Breach of internal regulations

This reason was often pointed out along with misjudgment due to unwarranted assumptions. It
can be inferred that assumptions such as it is all right, it is safe, there should be no problem with this
operation, etc. all led to the conception that breach of regulation should pose no threat. There is also
another commonly used reasoning which is that compliance entails cost. In this case, the cost does
not always imply monetary costs. Generally speaking, compliance often demands physical,
psychological, and time burden. Thus, it is thought that people breach regulations simply to avoid
such burden.

Incorporation of incentives in the analysis

From here on, example analyses of occupational accidents using the economic way of thinking
centering on the concept of incentives and the game theory way of thinking that deals with strategic
interdependence are presented. The content of this section is indebted to Hausken (2002) [3].

Changing the definition of cost

When cost is mentioned, a large number of safety researchers seem to consider cost only in terms
of monetary costs. However, costs cannot be limited to monetary costs. As pointed out in the
previous section, compliance often demands physical, psychological, and time burden and these are
also costs. On the other hand, greater disaster risk due to breach of rules is also a part of the overall
cost. Actions of managers and workers are presumably intended to minimize this overall cost. In
short, not only in monetary terms, but various costs are working as incentives to influence human
behavior.

Considering the length of relationship among concerned parties

When it is apparent that the relationship is only temporary, the possibility of not being able to
achieve cooperation (in this case, to take safety behaviors together) is high. It is not easy to establish
cooperative relationships with people one may never have to work together again after the current
(one time only) relationship. This is because cooperation generally entails burden. When the
relationship is expected to last for a long time, cooperation might be achieved. This idea is
formalized as the folk theorem. Even in analyzing occupational accidents, the relationships among
concerned parties, especially whether the business relationship is expected to continue or not, must
be taken into consideration.
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Considering information held by the concerned parties

Normally, managers and workers do not completely know what type of person others are (for
example, job competency, ability to assess disaster risks, discounting of the future, and physical
fitness). In a situation where worker “A” does not know what type of person co-worker “B” is and
thus impossible for A to predict B’s next action and A’s next action was to change depending on B’s
next action, to predict A’s next move, one must know A’s prediction of B’s actions.

Incorporating the thinking of the principal-agent theory

Normally, workers work for corporate managers to receive pay in return. However, since it is
difficult for corporate managers to directly observe the work performance of its workers, the workers
have the incentives not to make the best effort. Under this circumstance, corporate managers need to
create internal systems designed to generate incentives for the workers to strive for the best. The
principal-agent theory formalized such problem. In the context of occupational accidents, workers
must be given adequate incentives to select safety behaviors (or not to take unsafe behaviors).

Conclusion and Future Plans

In this research, we indicated the importance of incentives when studying the causes of human
error in occupational accidents. Based on the results of this research, we are planning to construct a
model that can be used to quantitatively simulate occurrences of human error.
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Are Flexible Workers Truly More Accident-prone?

Abstract

Numerous studies have investigated the greater frequency of occupational accidents on the part of
flexible employment workers (FWs), in comparison to permanent employees, and it is unclear
whether the mere fact of being an FW contributes to this greater incidence. Although these studies
conducted detailed statistical analyses, some important confounding factors respecting workers’
occupational accident involvement risk were not included in the analyses, probably owing to
database limitations. The aim of this study is to reconsider the factors influencing workers”
occupational accident involvement risk using characteristics data respecting 2,882 Japanese workers
and their firms, collected through an Internet survey, which contain newly introduced variables. In
summary, our findings suggest that: (i) being an FW pér se does not affect the accident involvement
frequency; (ii) neither increased worker job experience nor safety training necessarily decrease
workers’ chances of accident involvement; (iii) workers’ proneness to accidents seems to have no
bearing on accident involvement risk, except in the case of construction workers; (iv) a worker
witnessing someone being punished for rule violation or injured in occupational accidents has no
influence on accident involvement reduction; (v) occupational accidents tend to happen in
workplaces where the company’s rules are violated; (vi) safety patrols by managers, and the
introduction of an occupational health and safety management system, would be effective in
occupational accident reduction. These findings may suggest that measures to develop
organizational effectiveness respecting safety would be more effective than those to develop

personal ability, in occupational accident reduction.

Keywords: Occupational accidents; Flexible workers (FWs); Permanent workers (PWs); Accident

proneness; Cognitive failures questionnaire (CFQ).
1 Introduction
The number of workers hired as flexible employment workers (e.g., dispatched workers, contract

workers, and part-time workers) has been growing in the labor market of Japan. The proportion of

flexible employment workers (héreafter FWs) rose from 10.3% in 1994 to 13.7% in 2009. The
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implementation of the revised Worker Dispatching Act' of 2004 is considered the principal cause of
this labor market change. The main provisions of the act were: (i) the extension of the permitted
contract period for dispatched workers, and (ii) deregulation of dispatched workers in the

manufacturing sector.

As the proportion of FWs increases, occupational accidents involving them are drawing attention
as a social issue in Japan. On the basis of the data published by Japanese Ministry of Health, Labor
and Welfare (MHLW, 2010), the injury rate’ of FWs rose from 0.20% (2,437/1,240,000) in 2005 to
0.28% (5,631/1,980,000) in 2008, while that of all workers fell from 0.25% (133,050/53,930,000) to
0.23% (129,026/55,240,000)°. FWs appear to suffer greater insecurity in their job in comparison to

permanent workers (hereafter PWs), in terms of higher accident risk, in addition to lower wages.

The Japanese government has been trying to decrease the number of occupational accidents
involving FWs. For example, on March 31, 2009, the MHL W issued an Official Notice stating that it
was important for companies that are supplied with dispatched workers to take appropriate safety
measures to protect these workers from occupational accidents or adverse health effects (MHLW,
2009). In order to design effective accident reduction measures, it is necessary to explore the causes

of occupational accidents in light of the characteristic differences between FWs and PWs.

In the academic literature, numerous empirical studies have examined the injury rates of FWs
and PWs using the occupational accident data of various countries. Most of the studies agree that the
injury rate of FWs is higher than that of PWs' (Jacobsson and Schelp, 1988; Aiken et al., 1997,
Kirschenbaum et al., 2000; Amuedo-Dorantes, 2002; Guadalupe, 2003; Saha et al., 2004; Saha et al.,
2005; Benavides et al., 2006; Hernanz & Toharia, 2006; Fabiano et al., 2008).

The most basic analysis consists of a simple comparison of the respective injury rates for FWs

and PWs (as in Jacobsson and Schelp, 1988; Aiken et al., 1997; Salminen et al., 2003; Saha et al.,

1 Act for Securing the Proper Operation of Worker Dispatching Undertakings and Improved Working
Conditions for Dispatched Workers.

2 The injury rate is defined as the number of injured workers whose lost work time was more than
three days (per year) divided by the number of workers (per year).

3 The statistics on the total number of Japanese workers are obtained from the web site of the
Ministry of Internal Affairs and Communication (http//www.stat.go.jp/data/nihon/16.htm) .

4 Salminen et al. (2003) and Saloniemi & Salminen (2010) concluded that there was no difference
between the accident rates of FWs and PWs, using Swedish data.
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2004; Saha et al., 2005; Fabiano et al., 2008). The principal limitation of such analysis lies in its
failure to take into account the existence of potential confounding factors. In the last decade, some
studies have focused on various factors behind occupational accidents (Kirschenbaum et al., 2000;
Amuedo-Dorantes, 2002; Guadalupe, 2003; Benavides et al., 2006; Hernanz & Toharia, 2006;
Saloniemi & Salminen, 2010). In their statistical analysis, some individual and workplace
characteristics were added as independent variables to explain the variation in the injury rate of -
workers. The results, however, were ambiguous. Some studies concluded that being an FW did not
affect a worker’s likelihood of being involved in an occupational accident, when the influence of
other variables, such as their job experience and the industries they bélonged to, was controlled
(Amuedo-Dorantes, 2002; Benavides et al., 2006; Hernanz & Toharia, 2006; Saloniemi & Salminen,
2010). On the other hand, there are studies suggesting that being an FW did have an impact on
accident involvement risk (Kirschenbaum et al., 2000; Guadalupe, 2003). All these abovementioned
studies conducted detailed statistical anaiyses, and most employed accideht involvement frequency

as the dependent variable. However, there are three possible problems with such analyses.

Selection bias: Suppose that accident-prone individuals tend to be hired as FWs. In this case, though
statistical analysis may suggest that FWs tend to be involved in occupational accidents, this may
simply reflect the fact that accident-prone individuals tend to be involved in occupational accidents.
This would reveal what is called “selection bias.” In the extant literature, only Guadalupe (2003)
investigated such selection bias, and detected a “pure contractual effect;” that is, a direct impact of
being an FW per se on occupational accident frequency. In order to rule out selection bias, a variable
representing workers’ accident proneness must be incorporated into the statistical analysis.
Guadalupe (2003) used information on “the accident on the way to work™ as an index representing
worker’s accident proneness, which was assumed té be independent of the work contract held. In
this study, we solved the problem of selection bias by employing a more direct index to quantify
workers’ accident proneness as one of the explanatory variables in our statistical analysis; namely,
the score on the Cognitive Failures Questionnaire. The Cognitive Failures Questionnaire is explained

in detail in Section 2.

Work type: Information on the type of work done by sample workers was not fully taken into
account in the extant studies. This may be due to the limitation of the databases used in these studies.
However, accident statistics show that some types of work clearly tend to increase the probability of

occupational accidents. In Japan, 589 workers died from a fall or a traffic accident, for example,
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comprising 50% of the total of 1,195 worker fatalities in 2010 (MHLW, 2011). This shows that
occupational accidents tend to happen more in workplaces involving elevated work or traffic vehicle

operation. Such contingent factors must be included in the statistical analysis.

Firm characteristics: Firm characteristics such as industrial category, normative consciousness of
company rules, busyness, and implemented safety measures, would naturally have an impact on the
-occurrence of occupational accidents. Rule violation, for example, is noted as one of the unsafe
actions that tend to lead to accidents (Reason, 1997). Firms that are very busy in their main business
activity, as a result of a shortage of staff for example, may not be able to make sufficient efforts to
reduce the possibility of accidents. In addition, reduction measures taken by firms, such as safety
patrols by managers, would give workers an incentive to work more safely. Many extant studies do
not take into account the impact of such factors on workers’ accident involvement risk, probably

owing to limitations on the databases employed.

In this study, we examine factors affecting variations in the number of occupational accidents,
using the accident data of Japan. Taking into account the limitations of the extant studies mentioned
above, we constructed a conceptual model representing occupational accident involvement risk of
FWs, as shown in Figure 1. Factors influencing occupational accident involvement risk are assumed
to be: (i) worker status (FW or PW); (ii) individual characteristics, including worker accident
proneness; (iii) work type; and (iv) firm characteristics. We will pay attention to possible
correlations between FW status and individual characteristics. The aim of this study is to reconsider
the factors influencing occupational accident occurrences using newly introduced variables
representing workers’ accident proneness, work type, and firm characteristics, in addition to the

variables that have been used in the extant studies.
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