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Introduction

Human error is often cited as a cause of accidents, when all other factors have been
eliminated. This does not mean that human error cannot be investigated by scientific
principles. In fact, today, there is considerable interest in researching human error [1].
The aim of this article is to describe human errors and their relationships with
occupational accidents.

Definition of human error

The aim of this chapter is to define what is considered as “human error”. Another, the
aim is to compare the traditional and modern views of human error.

It is very difficult to provide a satisfactory definition of human errors [2] as they are
often a result of a complicated sequence of events and therefore an elusive
phenomenon to analyse. However, Reason [3] has defined “human error” in the
following way: "Error will be taken as a generic term to encompass all those occasions
in which a planned sequence of mental or physical activities fails to achieve its
intended outcome, and when these failures cannot be attributed to the intervention of
some chance agency." On the other hand, it has been said that to err (i.e. to make
mistakes) is human. Human error is an element that cannot be totally eliminated, but if
the typical errors are identified, most of them can also be prevented.

According to the traditional viewpoint, human error is a cause of failure and accident.
According to a new philosophical approach, human error is a symptom of failure, which
reflects the deeper problems existing in a system. Examining human error provides
information to delve beneath the simplistic label of 'human error'. Human error is an
attribution after the fact, and it is systematically related to people, tools, tasks, and
operating environment[4], [5].

Although there in no unanimous definition of human error, the general thinking has
changed from attributing guilt to an individual towards a much more broad contextual
approach.

One classification of human error regards them as 'Action errors' (action not as
planned), which can be further categorised as 'slips' or 'lapses'; or as 'thinking errors'
(action as planned) - classified as 'mistakes'.[6] The inadvertent nature of such errors
sets them apart from deliberate actions (known as 'violations') where an individual
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wilfully and knowingly adopts an incorrect course of action.

Identification of human error

The aim of this chapter is to describe how to identify human error. First, the "Swiss
Cheese" model will be presented. Subsequently different methods which can be used
to identify the causes for human errors will be examined.

Accidents are rare

In the well-known "Swiss cheese" model, Reason [3] suggested that there are several
intrinsic defences and atypical conditions preventing accidents. In an ideal world, each
defensive layer would be intact. In reality, however, they are more like slices of Swiss
cheese, having many holes. These holes are continually opening, closing, and shifting
their location. An accident happens when the holes in many layers momentarily line up
to permit a trajectory of accident opportunity[7]. The main message of the "Swiss
cheese" model is that the chance of danger factors finding all in the holes lined up in
all of the defences at any one time is very small and that is why accidents are rather
rare.

Human factor

In a Swedish study, ten professional accident investigators were interviewed. They
listed eight different meanings for human factors and concluded that there is no such
thing as a professional definition of the human factor. The study concluded that the
meanings of human factor 1) always evolve in the dynamic process of producing and
understanding language, 2) are context-dependent, and 3) emerge though talk, as one
type of discourse [8]. The same comments are related also to the concept of human
error.

Cognitive failures

The aim of the Cognitive Failures Questionnaire (CFQ) is to measure self-reported
failures in perception, memory, and motor function [9]. The scale was presented to 240
electrical workers in the United States Army. The CFQ predicted both car accidents
and work accidents. When the foremen were asked to assess the workplace safety
performance of 158 workers, the assessments of foremen and employees
corresponded very well to each othersʼ (r = .79)[10].

Based on the Cognitive Failure Questionnaire, Wallace and Chen [11] developed the
Workplace Cognitive Failure Scale with 22 items like "Cannot remember whether or not
you have turned off work equipment?" Using this scale, the researchers showed that
general cognitive failure predicted unsafe behaviours and micro-accidents of American
workers. Later with a smaller sample the same scale predicted supervisor safety
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ratings, injuries and missed work days.

The process of cognitive failure were also studied in British consumers. Typically
shoppers forgot to buy an item, and this is why they had to return to the shop again.
The second most common mistake among the consumers was to forget the shopping
list at home. Older consumers reported fewer errors than their younger counterparts
[12] – Age perhaps conferring experience on how to handle shopping and devising
practical methods to avoid past mistakes.

These same researchers [13] also examined the tips-of-tongue phenomenon by
analysing diaries, which volunteers kept for four weeks. The volunteers wrote down 75
tips of tongue experiences, which was an average of 2.5 tips per diarist. There were no
gender differences in experiencing tips-of-the-tongue state. The object of the tip-of-
the-tongue was a familiar person for the speaker in one out of three cases.

These studies revealed different methods to measure cognitive failures even for
everyday situations. They also indicated that cognitive failures and processes were
related to injuries and human errors.

Factors leading to human errors

The aim of this chapter is to examine factors that have an effect on human errors. The
analysis is based on Rasmussen's [2] SRK (Skill – Rule – Knowledge) model:

1. Skill-based behaviour represents sensorimotor performance automatically
without conscious control. Work performance is based on subroutines which are
subject to higher level control.

2. Rule-based behaviour happens in a familiar work situation, where a consciously
controlled stored rule is applied. Performance is goal-oriented, but structured by
feed-forward control through a stored rule.

3. Knowledge-based behaviour happens in unfamiliar situations, where a goal is
explicitly formulated, based on an analysis of the environment and the overall
aims of the person. The means must be found and selected according to the
requirements of the situation.

In a study of British drivers, errors were defined as the failure of planned actions to
achieve their intended consequences. Women drivers were more prone to harmless
lapses, whereas male drivers reported more violations. The number of violations
declined with age, but the number of errors did not decrease[14].

In the Serbian electric power company, human errors were analyzed by Absolute
Probability Judgement. This is based on the assumption that people can directly
assess their likelihood in the case of human error. Human errors with the highest
probability of happening were failure to use prescribed tools and absence of job
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authorization[15]. In the analysis of 500 reported pipe work incidents at a British
chemical plant, 41% of immediate causes of incidents were of human origin and 31%
were operating errors[16].

Hospitals are another work environment, where human errors can have fatal
consequences. In the cardiology ward of a Japanese hospital 181 accidental and
incidental events were reported during a six month period. A total of 40 of the reported
events were classified as skill-based errors, 52 as rule-based errors, and seven
incidents were designated as knowledge-based errors. A total of 12 errors were life
threatening[17]. Adverse drug events accounted for about 25% of human errors in
hospitals[18]. Most of accidents were human errors made by the doctors and nurses, in
fact only 3-5% of errors were due to equipment[19].

Air traffic is one of the safety-critical industries, where the effect of human error has to
be examined thoroughly. The majority of the commercial aviation accidents in the
United States were due to the pilot error, of which over half were skill-based errors,
over one third were decision errors, under one in every ten perceptual errors with final
group being violations of regulations[20].

Aircraft mechanics in Australia reported 666 human errors. They spent 65% of their
working time correcting skill-based errors, 32% were rule-based errors, and 3% as
knowledge-based errors. Based on incident reports, researchers[21] assessed that the
reporting skill-based errors was more reliable than reporting rule- and knowledge-
based errors. Subsequently, they[22] examined a larger data set and revealed that only
skill-based errors were related to occupational accidents. In addition, they[23] reported
that memory lapses, rule violations and knowledge-based mistakes were the most
commonly identified human errors made by aircraft mechanics.

Skill-based errors were the most common unsafe act encountered in Australian mines.
Inadvertent or missed operations were the most general types of skill-based errors.
These errors were typically the result of a breakdown in visual monitoring or the
inadvertent activation of a control[24].

Rasmussen's SRK model can help to identify the reasons for human error in a more
detailed way compared to traditional general "human error" concept.

Organizational factors behind human error

In a Japanese train company, drivers who made errors were required to participate in a
mandatory training class. In order to avoid this “penalty” – a loss of face - the drivers
did not report any mistakes. This practice led to over 100 fatalities in commuter train
accidents[25]. Thus, this organizational measure to criminalize drivers who had made a
human error (by forcing them to participate to a training class) resulted in even more
fatalities.
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A similar effect is to be expected in relation to the Zero Accidents Vision displayed by
some employers. If the will to prevent any accident is commendable, excessive
pressures, conscious or not, can induce the employees and/or middle management not
to report certain accidents to avoid direct or indirect sanctions. This can lead to not
treat the causes of accidents that can later result in more serious effects.

The REVIEW method consisted of 16 measures of organizational health such as staff
attitudes, departmental communication and training[26]. For example, carelessness and
inadequate training can increase the risk of human error. The method helped identify
latent failures made by top management and line management has done leading to
human error and accidents. This checklist was sent to Australian train drivers. Three
problem factors were found: staff attitude, maintenance and operating equipment[27].

To summarize, there are some organizational factors which can influence employeesʼ
behaviour so that they will make errors. Penalizing “human error” usually leads to
hiding or denying that mistakes ever happened.

Human error and accidents

In everyday life, it is generally believed that human errors can cause injuries. This is
confirmed by empirical studies.

It is generally accepted that 80-90% of accidents are due to human error[28]. For
example, approximately 70% of aircraft accidents have been attributed to human
error[29]. In a Finnish study, human errors were involved in 84% of serious accidents
and in 94% of fatal accidents[30].

In the fatal occupational accidents which occurred in Australia, two out of three were
due to skill-based errors, one fifth to rule-based errors and the other fifth to
knowledge-based errors. Equipment work practices were relatively clearly related to
rule-based errors, personal protective equipment to skill-based errors, and
management unsafe procedures to knowledge-based errors[31]. In fatal accidents on
British construction sites, skill-based errors and knowledge-based errors both caused
nine fatalities, whereas only three fatalities were due to rule-based errors[32].

In a recent Mexican study[33] the safety experts documented 70 human factors
causing hand injuries. These factors were classified as personal factors, human error,
unsafe conditions, and organizational factors, respectively. The most frequent types
classified as human error were improper handling of heavy objects, attempts to save
time in conducting their operation, and the operator did not respect rules and
procedures safety. That study did not contribute significantly to knowledge of human
error, but it did highlight the current interest about "human error".

It is usually thought that errors are invariably negative, always to be avoided. The
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opposite approach is to conduct training that allows for the errors. When German
typists were being taught to use computers, the subjects in the error-allowing-training
group wrote fewer words and spent more time in correcting them than the subjects in
the error-avoidance-training programme. However, the typists in the error allowing
group dealt with a difficult task better than the control group[34].

These studies reveal that human error makes a significant contribution to occupational
injuries. Thus prevention of human error is also one way to prevent occupational
injuries.

Prevention of human error

In the prevention of human errors only a few practical, everyday means available for
individual workers have been studied: 1) Drinking coffee helps to maintain vigilance,
and 2)stress can increase the probability of errors, and thus reducing stress is another
way to prevent accidents.

Staying focused

A Cochrane systematic review based on 17 studies showed that intake of caffeine
could prevent human errors. Caffeine improves concept formation and reasoning,
memory, orientation and attention and perception. Drinking coffee after a nap
decreased significantly human errors among shift workers[35]. On the other hand, the
best reduction of human errors was achieved, when accident information was provided
in such a way (for example Rasmussen´s [2] SRK model) that it corresponded
employees' way of thinking[36].

Avoiding stress

A study with British Royal Navy personnel showed that highly stressed employees were
more likely to suffer an accident in the workplace because they had a propensity to
suffer cognitive failures[37]. Since stress is a major source of human error, then
reducing stress is one way to reduce human errors. Hurried working increases stress
and accidents. Thus if one can slow down haste in the workplace this will be one way
to reduce human errors.

Conclusion

Human error in the workplace is a common phenomenon, it can cause disturbances
and accidents at work. Although there is no guaranteed method to prevent human
errors, avoiding stress, and remaining focused by drinking coffee are the most often
used, practical, everyday methods available to all.

As defined in the beginning, human errors are typically results of long chains of events,
and preventing human error in workplaces requires different types of preventive
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actions: skills and safety awareness at the individual level about the risk factors of
human errors, safety awareness and leadership provided by organizations (managers
and supervisors recognizing the risk factors for human errors), and appropriate
technical resources (safe design; solutions not requiring active human engagement
such as handrails, light curtains etc.) - both being available in the markets (produced)
and reasonable priced so that companies are able to afford the investment[38].
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