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Abstract: By road traffic accident prevention generally we understand a set of measures that
either directly or indirectly influence road users so as to reduce their conflict behavior in road
traffic, which mostly results in harm to health or damage to objects. This preventive activity
takes many forms including: the creation of safe traffic environments through traffic engineering
measures; education and training of individual road users, including training in driving schools
and testing the applicants for licenses; good quality legislation regulating and monitoring the
technical condition of vehicles and roads. Punitive enforcement, too, can be considered pre-
vention. The basic general rule for work in the field of road traffic safety accident prevention is
the "3 E" rule: Education, Enforcement, Engineering. Sometimes this is extended to "4 E" by
including Evaluation. These 3 or 4 rules express the necessity for a complex approach to the
problem. The analysis of the reliability of individual accident prevention systems should refer to
the tripartite basis: the person, the means of transport, and the environment; and it is made possi-
ble by theoretical models based on the analysis and evaluation of errors. Within the framework of
analyzing preventive measures, the research was focused on selecting workers, education of road
users, training programs and working conditions.
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People are generally not able to specify
exactly why the accident and injury hap-
pened. The etiology of many accidents and
work injuries is relatively unknown. Psy-
chological approaches have been asserting
themselves in research, classification of
sources and factors that precede these
events. System models were focused on a
man (dangerous action) and hazardous
work conditions or sources of injuries.
Accident analysis with an emphasis on its
causes and effects was an aim of interest to
Rotter (2005).

Attention was rightfully paid to problems
of human action reliability. In connection
with technical development and analysis of

technical systems reliability, a range of
approaches and evaluation of errors that
happen in the course of human activity was
evolved. Human error problems are be-
coming one of the sharply developing
branches of theoretical and applied psy-
chology. Questions such as which mistakes
people make, why they make them and
how we can prevent them are asked.

Since the beginning of the 20th century,
injuries have belonged to the main prob-
lems of public health. Because many inju-
ries are mostly an effect of modifiable
human behavior, it is logical that behavior
modification should be precisely what
psychologists press for.
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The work accuracy of a man operating a
machine or some technical equipment
(operator) is an indicator of how his ac-
tions correspond to a set program. In Engi-
neering Psychology, the feature of ac-
curacy has another function. It is used
as a mean of research on the psychical
activity of an operator. Accuracy of work
can be an indicator of individual differ-
ences among operators, an indicator of
their mental and physical states and an
indicator of the influence of various exter-
nal factors on their activity.

If the inaccuracy of an operator’s work
exceeds set limits, the normal activity of
the system is disturbed and this is classi-
fied as operator error. If the inaccuracies of
an operator’s work reach the level where
that operator cannot fulfill his functions or
if his activity indicator exceeds the limit

necessary (o achieving an aim, we speak
about operator failure.

Correct fulfillment of an activity depends
on a range of tasks, states and facts. The
particular elements of which every critical
activity consists can be designated as criti-
cal activity elements.

Psychological study of an increasing
operator reliability problem demands re-
search into his activity in situations with
higher or even extreme demands. For these
situations, in which one or more parame-
ters of system and surrounding in interac-
tion with a man are approaching the limits
of human possibility or even exceeding it,
we generally use the terms demanding or
extreme situation. It is necessary to place
especial emphasis on detection of differ-
ences in how a man acts and even of his
character and abilities in demanding situa-
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tions compared with normal or optimal
situations. Study of human activities in
demanding situations is a basic approach
to problems of reliability of actions at
work.

Evaluation of risk generally proceeds in
four steps, which are worked up in series
(see Figure 1).

In order to achieve all the conditions, a
research system must, as a first step, be
defined. During a risk analysis in the se-
cond step, possible scenarios of events,
their relevancy or, as the case may be, their
probability of appearance, together with
their consequences, are analyzed. The third
step is very important, assessment of iden-
tified risks takes place there (Hohn, 2007;
Kaasboll, Rundmo, 2007). It can on the
basis of this evaluation be decided in the
last step whether existing risks will be
realized and remembered, whether techni-
cal and organizational measures will lead
to a decline in potential danger, to a pre-
vention of threat or getting events under
control.

In a road transport system, two opposing
forces act. One is oriented to safety and the
second one to mobility. If mobility over-
rides safety, the number of injury accidents
increases. If mobility decreases and more
safety measures (restriction of speed limit,
use of safety belts) are imposed, then the
number of injury accidents declines.

Progress in traffic safety is based on a
process of collective learning by society as
a whole. Safety is improving in many
countries, but not to an equal extent. The
rate of improvement is specific for every
country and stays constant for some time.

The next step in developing the con-
ceptual approach, which is intended for
clearing the findings of various traffic
safety studies, is to propose a typology of
basic risk factors as a cause of accidents
and injuries that can be affected. This

typology can stand us in good stead as a
basis for modeling engineering measures.
Risk factors can be reduced to the follow-
ing types: 1) Kinetic Energy; 2) Adhesion;
3) Visibility; 4) Compatibility; 5) Com-
plexity; 6) Predictability; 7) Individual
Rationality; 8) Individual Vulnerability
and 9) System of Safety Warning.

Movement of people and vehicles pro-
duces kinetic energy. The amount of kinet-
ic energy is a function of body weight and
speed. This basic physical principle identi-
fies speed and vehicle weight as basic risk
factors in frequency of accidents . Howev-
er much kinetic energy may be a risk fac-
tor, it does not lead to undesirable effects if
it is under control. If control over a body
in motion is lost, the possibility of stop-
ping is critical for the avoidance of an
accident or the reduction of serious injury
if an accident does happen.

Adhesion between vehicle and surface of
road is said to be a basic risk factor of
accidents.

Another basic factor is visibility. Visibili-
ty is the possibility of seeing an object at a
specific distance. The greater the distance
at which an object can be identified, the
better the visibility is.

If different vehicles or road users collide,
their compatibility in terms of weight and
speed influences accident consequences
markedly. Compatibility corresponds to
differences between categories of road
users in terms of the kinetic energy caused
by movement. The smaller the differences
are, the greater the participants’ compati-
bility is. One of the ways to reduce incom-
patibility is to separate groups of partici-
pants that are distinctly incompatible in
time or place. Speed, weight of vehicle,
adhesion, visibility and compatibility are
risk factors that are closely connected to
physical principles of bodies moving on a
surface.
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It is often argued that human factors
present the greatest risks for traffic safety.
The stated approach proposes a reduction
of the human factors that are conductive to
accidents to these basic categories: com-
plexity, predictability, rationality and vul-
nerability.

Complexity relates to both traffic system
and traffic in general. It is the amount of
information that road users have to process
and behave in accordance with in a unit of
time. In dense city traffic, complexity is
high, because participants must pay atten-
tion to a quickly changing traffic situation
while performing perception-movement
tasks as they walk or drive a vehicle.

Predictability means the reliability with
which we can anticipate the appearance of
a risk factor. The behavior of road users
can be predicted for a specific situation.
Driving in a traffic lane can be an example
of easily predictable behavior. When driv-
ing on an unzoned double - lane road -
most drivers do not expect any driver trav-
eling the opposite way to drive unexpect-
edly into their lane. For most of the time,
this prediction is right.

Individual rationality concerns a range of
ways to act by which a road user satisfies
his preferences (maximize utility). Acci-
dents are often explained as a failure of
rationality or reliability, such as risk-taking
or human error. Nobody can use a traffic
system without being exposed to the risk
of a road traffic accident. On the other
hand, it is reasonable to suppose that al-
most nobody wishes to be exposed to acci-
dents. That is why the range within which
road users are able to act rationally guaran-
tees that they can avoid accidents to a large
extent. Factors that can stifle rationality
involve both elements of roads and ve-
hicles (wrong signing or vehicle defects
increase the probability of error occur-
rence) and human status. Alcohol or drug

consumption, lack of sleep, illness or other
more or less stable individual traits can
stifle rationality.

When an accident of a certain gravity
happens, some people are more vulnerable
than others. We talk about individual
vulnerability. People are more vulnerable
as they get older. From a biomechanical
point of view, an accident that would not
lead to the fatal injury of an eighteen year
old can kill an eighty year old.

Hazardous behavior is defined either as a
socially unacceptable voluntary activity
with possible negative consequences, if
inattentiveness rises (e.g., excessive speed,
intoxication, etc.) or a socially accepted
behavior when the danger is known (such
as it is at motor races). It has been proved
that hazardous behavior by even one man
in a population leads to accidents and inju-
ries (Galovski, Malta, Blanchard, 2006).

The importance of risk evaluation at
either individual or group level results
from the high number of risk situations we
are involved in every day. Risk evaluation
is difficult, because there is an extreme
variety of risk situations and different
approaches to their evaluation (Stikar,
Hoskovec, Smolikovi, 2006).

It is very difficult to envisage how road
users can be modified to a precautionary
approach to traffic. Engineering measures
on their own do not completely guarantee
an increase in traffic safety. Traffic safety
increases only if no abnormal behavioral
adaptation occurs. Is it possible to explain
a behavioral adaptation of road users in
general terms? Wilde’s theory of a risk
homeostasis can be interpreted as an at-
tempt to form a general theory of adapta-
tion of road traffic participant behavior. It
was developed originally for an area of
drivers’ behavior. The rate of accidents is
not determined by the level of real risk but
by a risk level acceptable to an individual
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in a given situation. The theory indicates
that people adjust their behavior so that
they keep a constant level of perceived
risk. If improved safety measures (e.g.,
better protection) are established, then
people will behave in a more risky way to
keep their habitual risk level.

The characteristics of changes of a
structural-safety range resulting from the
engineering effects of traffic-safety mea-
sures influence the probability of a partici-
pants’ behavioral adaptation to them.

Modification of Basic

Figure 2 shows a relation between an
engineering effect and the effect of behav-
ior in relation to safety measures.

The result of a behavioral adaptation is
expressed in terms of a range of safety
behavior. This term has regard to how road
users evaluate their safety while traveling.
In contrast to the structural-safety range, it
is not possible to express it in physical
terms. Exact measurement of forms and
levels of accommodation in some cases,
such as measurement of vigilance and

Structural Safety

Risk Factors —> Range
Traffic Previous Factors Leading to End Result
Safety Behaviora Following Behavioral (accidents, injuries)
Measures Adaptation Adaptation
Range of Safe
Behavior

Figure 2. Modified model of cause string that expresses an effect of traffic safety mea-

surcs
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attention of traffic participants, is difficult.
Maladapted behavior of road users is easi-
ly measured, e.g. in terms of increased
speed.

Traffic-safety measures realized in a
structural range do not usually lead unam-
biguously to a decrease in the number of
accidents. For example, if a lighting is
improved markedly, it can lead to an in-
crease of speed and a decrease of attention,
which can sometimes have a negative
effect.

A number of experts have asked which
errors people make, why they make them,
and how we can prevent them. The
theoretical approach to human mistakes
has contained psychoanalytic, cybernetic
and social-theoretical conceptions, field
theory, decision-making theory and S-R,
activating grades, stress, human enforce-
ment and skills concepts.

Reason (2003) brought out a historical
review of important psychologists’ contri-
butions to the study of human errors. Start-
ing with Jamese Sully (1881) and Sigmund
Freud (1904, 1922), he goes on to William
James (1880) whom he takes for an author
of an almost compact error theory. He
continues with Joseph Jastrow (1905),
Gestaltists Max Wertheimer, Wolfgang
Kohler and Kurt Koffka (1912) and their
follower Kurt Lewin in the inter-war peri-
od. He brings up a contribution of the
neurologists Karl Lashley (1917, 1951),
and Henry Head (1920), who introduced
the term "scheme" as an explaining princi-
ple for some psycho-physiological phe-
nomena. After the Second World War
information theory (e.g., Miller, 1956) was
especially beneficial. Focus on cognitive
processes led to a range of important find-
ings, especially to the rise of a main
memory concept (Baddeley, Hitch, 1974)
and to a basis for a decision-making
theory, which was elaborated by Tversky

and Kahneman (1974), who used the term
"restricted rationality".

Reliability is determined by 1) the char-
acter of a man who has a natural tendency
to make operational errors; 2) the sur-
roundings in which the activity takes place.
The surroundings do not consist only of
physical, chemical and biological settings
but also of a social one. The effects of
these surrounding are designated as PIFs
(Performance Influencing Factors). Some
authors use the term PSFs (Performance
Shaping Factors), which is actually the
same. In error analysis, near-accident and
accident analyses, these four categories are
discerned: 1) exciting cause - which led
directly to the result; 2) contributing
causes, i.e. the PIFs that contributed to an
accident event, such as reduced visibility,
unsuitable ergonomic construction of com-
municators, etc.; 3) root causes, which
are hidden behind a range of contribut-
ing causes. These lie mainly in a range
of social conditions, e.g. behavior and
attitudes of company management towards
people and safety problems. The neglect
of safety problems leads to the result
that only the employee actually involved
in an accident is blamed for the error,
but all the PIFs stay hidden and remain
latent.

It is necessary to distinguish between
different types of errors; these can be des-
ignated as "slip", lapse, mistake and will-
ful, i.e. intentional breaking of a rule.

A "slip" happens if a man tries to perform
some correct action but does it wrong.
Such as when a doctor or a nurse puts a
wrong dose into an infusion, even though
he/she knows the correct one. Errors refer
to visible activity and are usually con-
nected to errors in attention or perception.
A serviceman’s attention can be disturbed
and then he undoes another hydraulic tube
than the one he was supposed to. He knew
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what he wanted to do, nevertheless he
makes a simple error.

Lapses are internal events, usually
memory failures. It is an omission of some
action, in Czech we call them "opo-
menuti”, in English "lapses”. Such as when
a surgeon forgets some instrument in an
open body and sews up the patient.

A mistake is an error that happens when a
person does the wrong thing. The action
can be done perfectly but it is not the ac-
tion that was supposed to be done. Such as
when a doctor prescribes what the patient
is allergic to. Mistakes happen on a higher
level than perception - it is a matter of
mental processes contained in evaluation
of information that is available to planning,
formulation of intention and evaluation of
probable results of planned actions. If a
serviceman forgets an operating sequence
or he has never understood it completely,
then he can make a wrong decision, espe-
cially in a case where he has to manipulate
some new thing. It is the choice of a wrong
action.

Willful breaking of rules are actions done
intentionally but which are not correct.
People intend only to break a rule but not
to suffer from the possible results. Em-
ployees sometimes cut corners because
they want to increase their productivity or
finish a task. Breaking of rules is permitted
and sometimes even demanded by man-
agement. This kind of mistake is the most
difficult to inhibit.

According to Reason (2003) this leads to
an analysis of the way people recognize
that they have made an error. Processes of
error detection are part of multilevel in-
struments that coordinate and take control
of human activity. Their efficiency is given
inversely to their place in a controlling
hierarchy. For example, low-level correc-
tions of body position work with a high
rate of reliability. At the other extreme,

cognitive processes at a higher level (aim
setting and choosing means of achieving
them) are much less sensitive to possible
departure from the optimal way to a de-
sired state. The relative efficiency of these
detecting instruments depends on the im-
mediacy and validity of feed-back in-
formation. On a low level, this is auto-
matically provided simply by neutral in-
struments. At higher levels it tends to be
absent or at least be open to many inter-
pretations.

Basically, there are three ways to discov-
er an error. Primarily it is a self-monitoring
process, which is the most efficient when
bringing about changes on the level of
physiology and skills. It can be signaled by
some environmental signs, the most evi-
dent being the enforcement function that
restrains the continuation of the activity. It
can be also revealed by another person,
which is the only way of finding specific
mistakes in complex, dangerous and stres-
sful situations. Analyses indicate that about
three out of four errors are disclosed by
their causers. The chance of their correc-
tion is best at the skill level and lowest at
the level of knowledge.

Rasmussen (1983) contributed to a cre-
ation of an error taxonomy by distinguish-
ing three effect levels corresponding to a
decreasing range of knowledge or experi-
ence in surroundings or task:

Based on a skill: A man carries on rou-
tine, highly mastered tasks that can be
characterized as automated. Except for the
occasional check, this behavior is con-
nected to a low effort of will. Errors on
this level are concerned with internal vari-
ability of power, place or time coordina-
tion.

Based on a rule: Means a situation solu-
tion, which arises if the situation changes a
little and modifies our programmed behav-
ior though we know the situation and are
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trained in it. It is based on rules, because
we apply known principles. Errors are
connected with a wrong situation classifi-
cation that leads to the use of a wrong rule
or an incorrect recollection of the proce-
dures.

Based on knowledge: This kind of activ-
ity happens in new situations when we
have no applicable rules. We have incom-
plete or incorrect knowledge. It can have a
form of a problem solution, in which ana-
lytic thinking and retained knowledge are
used.

"Slips" and lapses relate mainly to tasks
based on skills without a lot of cognitive
effort. Small differences in a situation can
be missed (attention failure). It is possible
not to remember one step in the procedure.

Mistakes occur particularly at tasks based
on rules and knowledge, such as there
being no rule for the given situation or the
correct solution’s not being found for the
problem.

A given classification allows a system
analysis in terms of cognitive processes. It
offers guidance on the cognitive character-
istics, abilities and limitations of people.
That has both implications for which kind
of errors can be made and specific indica-
tions how to construct systems to prevent
errors.

As we go on to show, in the beginning of
the 90’s this taxonomy admitted of materi-

Accident Causes
Permanent Characteristics -------------
Development Factors

Temporary Variable Factors

al alterations which relieve some theoreti-
cal deficiencies and introduce new con-
cepts into thinking about human errors that
more realistically reflect human activity,
mainly in the area of activities based on
knowledge.

We think it appropriate for both theoreti-
cal and practical purposes to classify these
human differences into three groups: per-
manent individual characteristics, develop-
ment factors and temporary variable fac-
tors (see Figure 3).

Permanent characteristics mean the
structure and nature of behavior, constitu-
tional type, intellectual capacity, sensory
and psychomotor capacity and personality
structure that are innate or acquired in
childhood. These factors remain constant
with respect to work accidents, without
respect to work age. Their variability is not
important. Every person has his/her rela-
tively constant level. Preventive measures
with regard to permanent factors concern
employee selection for a job that demands
special abilities or a job with a high risk.
To this end psychological and medical
methods are used.

Development factors are mostly con-
nected to the age of a person. Age has an
influence on physiological and psychologi-
cal changes and, through them, even on
accident probability. The different accident
frequency and characteristics of people of

Preventive Measures

People Selection (Psychological and Medical)
Training and Education, Age Limits
Activity Mode

Figure 3. Accident causes and preventive measures
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different ages is quite well known. Next to
these age-dependent facts, there are many
variable and suggestible factors that belong
to this group. The most important are
education, training and experience. The
influence of knowledge, work habits and
attitudes to accident frequency is at least
basically clear.

Prevention measures for time-dependent
factors include time-limit settings (e.g., for
driving licenses, for different jobs, etc.),
requirements for minimal training and
safety experience and education focused
on increasing knowledge and improving
attitudes.

Temporary variable factors are irregular-
ly and quickly changing characteristics,
such as short-term illness and tiredness,
effect of alcohol and drugs and temporary
stages of depression and excitement. These
factors can increase the probability of an
accident in certain circumstances, though
the person belongs to the "safe" category
in both the previous groups.

One of the central aims of traffic psycho-
logical research is to identify sub-groups
with a higher accident risk or characterized
by certain mobility problems in a heteroge-
neous total group of road users. Acquired
information makes it possible to develop
the measures, that have to be focused on
sub-groups. These kinds of measures have
greater influence than broadly oriented
campaigns. To the most important groups
belong: children, teenagers, older people
and, according to kind of vehicle and job:
motorcyclists, truck drivers (Krems, Bau-
mann, 2005; Kroj, Holte, 2006), profes-
sional versus non-professional drivers (Oz,
Ozkan, Lajunen, 2007) and according to
mental shortcomings, such as alcoholism
and agressivity (Galovski, Malta, Blan-
chard, 2006).

The preventive measures that a state
provides for permanent factors are not
possible to the same extent for other fac-
tors. Immediate control of temporarily
variable factors depends on the individual.
Regulation of working hours, restriction of
alcohol percentage in blood while using
the road, etc. are partly preventive but it is
not possible to control them in entirety in
practice. Continuing analysis leading to
preventive measures is necessary.

Received November 6, 2006

REFERENCES

GALOVSKI, T.E., MALTA, L.S., BLANCHARD,
E.B., 2006, Road rage. Assessment and treatment of
the angry, aggressive driver. Washington D.C.: APA.

HOHN, M., 2007, Decisional behaviour in trans-
port and traffic psychology. Xth European Congress
of Psychology, Prague, Czech Republic, 3-6 July.

KAASBOLL, J., RUNDMO, T., 2007, Self-assess-
ment of driving ability and behaviour in traffic. Xth
European Congress of Psychology, Prague, Czech
Republic, 3-6 July.

KREMS, J.F., BAUMANN, M., 2005, Verkehrs-
psychologie. In: A. Schiitz, H. Selg, S. Lautenbacher
(Hrsg.), Psychologie, 3. Aufl, Stuttgart: W. Kohl-
hammer, 491-508.

KROJ, G., HOLTE, H., 2006, Verkehrspsycholo-
gie. In: K. Pawlik (Hrsg.), Handbuch Psychologie,
Heidelberg, 851-858.

0Z, B., OZKAN, T., LAJUNEN, T., 2007, Differ-
ences between different driver groups’ risky traffic
behaviors and stress reactions in traffic settings. Xth
European Congress of Psychology, Prague, Czech
Republic, 3-6 July.

RASMUSSEN, ., 1983, Skills, rules, knowledge:
Signals, signs, symbols and other distinction in hu-
man performance models, IEEE Transactions on
Systems. Man and Cybernetics, 13, 257-267.

REASON, J.T., 2003, Human error. Cambridge:
Cambridge University Press.

ROTTER, T., 2005, Zarzadzanie czynnosciami
powypadkowymi na drogach. Krakow: TEXT.

STIKAR, J., HOSKOVEC, J., SMOLIKOVA, 1.,
2006, Psychologickd prevence nehod (Teorie a
praxe). Praha: Karolinum.



226

STUDIA PSYCHOLOGICA, 50, 2008, 2

ANALYZA A PREVENCE NEHOD Z PSYCHOLOGICKEHO HLEDISKA
J.§tikar,J.Hoskovec,J.§moll’kové

Souhrn: Prevenci nehod v silni¢nim provozu se obecné rozumi soubor takovych opatieni, kterd
piimo ¢i nepiimo pusobi na dcastniky silni¢niho provozu s cilem predejit jejich konfliktnimu
chovéni v silni¢nim provozu, které md ve vétSin€ piipadi za ndsledek poskozeni zdravi nebo
véci. Preventivni puisobeni md mnoho forem, mimo jiné: vytvofeni kvalitni pravni tpravy
chovdéni jednotlivych dcastniki silni¢niho provozu; vytvdieni bezpetného dopravniho prostiedi
formou dopravné inZenyrskych opatieni; vychovu a vycvik jednotlivych tdcastnikii silni¢niho
provozu, vcetné vycviku v autoSkoldch a zkouSek Zadateli o fidi¢skd oprdvnéni; kvalitni
legislativa, upravujici technicky stav vozidel a pozemnich komunikaci a kontrola jejiho
dodrZovéni. Také represi je moZno chdpat preventivné. Zdkladnim obecnym pravidlem price v
oblasti bezpecnosti silni¢niho provozu a prevence nehod je pravidlo "3E" (Education, Enforce-
ment, Engineering, t.j. vychova, tvorba a prosazovani prdva a dopravni inZenyrstvi). Nékdy se
toto pravidlo rozsifuje na "4E" o Evaluation (zhodnoceni). Toto pravidlo vyjadiuje nutnost kom-
plexniho pfistupu k danému problému. Piistup k analyze spolehlivosti systému ¢lovék - dopravni
prostiedek - prostiedi, z néhoZ by méla vychézet prevence nehod, umoZiiuji teoretické modely
zaklddajici se na analyza chyb a jejich hodnoceni. V rdmci analyzy preventivnich opatfeni byl
vyzkum zaméfen na vybér pracovniki, vychovu tcastniki silni¢niho provozu, vycvikové progra-
my a pracovni podminky.



