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Andrzej Szymanek

SYSTEM APPROACH IN ROAD SAFETY STUDIES

The road safety management methodology should be based on a system approach. This means that the road

transport must be formalized as a complex system (CS), and then safety can be interpreted as an emergent feature

of such a system. Road accidents should be interpreted as "organizational accidents". They should be studied using

concepts such as "normal accident theory" (NAT) and "highly reliable organization" (HRO). The main purpose of

the article is to show the usefulness of these concepts for the road safety and risk management, especially in Polish

conditions. The system approach to road safety research (and transport safety) will allow for the belter safety results.
Keywords: road safety, road risk management, system approach, complex systems

1 Introduction

Road transport generates the highest social costs,
including the costs of: road accidents, environmental
degradation, congestion. Among them, the costs of road
accidents are the highest. Therefore, one of the four main
objectives of the road transport management is to minimize
the number of road accidents, as well as reduction of fatal
and serious accidents.

Paradoxically, a coherent safety management
methodology does not yet exist. Road transport must
be described as a complex system and it follows that
there is the need for a systemic approach to road safety
management.

Effective transport safety management is management
according to the objectives set out for the transport system
under consideration.

The road safety management is a system management,
whereby an acceptable risk of traffic accidents and/or
risks of other road incidents over a specific period and in
a specific area is managed.

2 Road transport is a system with the greatest
potential for the risk reduction

This system, which generates higher costs, also has
greater potential to reduce them. The road transport
generates the highest costs and therefore through effective
risk management a relatively greater reduction of losses
could be achieved, thus reducing costs.

The primacy of the road transport in generating
external costs is confirmed by various indicators. These
relate primarily to the risk of fatal and serious accidents,
as well as the costs of environmental degradation. Below
there are two indicators that show that the road transport
is the most dangerous and socially expensive, Table 1 [1],
Table 2 [2].
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Here are some of the more important characteristics of
road accidents [3]:

1. The road safety is a major public health concern; in
2016, around 1.35 million people died in road accidents
worldwide;

2. Today, it is estimated that macroeconomic losses due
to road accidents will cost the world economy almost
USD 1.8 trillion between 2015 and 2030. This number is
higher than the total GDP of Canada in 2017 (the tenth
largest world economy) [4];

3. Macroeconomic costs of road accidents vary in
different regions of the world. The highest aggregate
economic burden is in the USA (USD 487 billion)
and in China (USD 364 billion). For Poland, this
burden is estimated at USD 15.7 billion. On the other
hand, average costs of road accidents, calculated
(in USD) per capita, are the highest in Luxembourg
(1465). For Poland this indicator has a value of
417 USD. It is estimated that the average annual
economic burden of the road accidents will amount
to 0.12% of the world GDP in the coming decade,
with the average burden per capita amounting to 231
USD [4].

The 2018 WHO report describes the level of the road
safety and the costs of road transport [3]:

1. Road accidents are the 8th cause of death worldwide
for all the age groups and the main cause of death
for children and young people aged 5-29 years;

2. More than half of all the road fatalities involve
unprotected road users;

3. Road accident mortality rates are more than three
times higher in the low-income countries than in the
high-income countries.

In 2018, 25100 fatalities were recorded on the roads of
the European Union, meaning a decrease of 21% compared
to 2010. The average road mortality rate in 2018 in the EU
was 49 deaths per 1 million inhabitants. Nevertheless, it
is doubtful that the planned 50% reduction in the number
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Table 1 Annual Average Probability of Fatal Transport Accident (AAPFTA) [1]
Transport type AAPFTA Transport type AAPFTA
Road transport 2.25010* Rail transport 750107/30 times smaller]
Sea transport 5010°/4.5 times smaller] Air transport 170107/132 times smaller]
Table 2 Average costs of transport accidents, (2000) [2]
Transport
Road Rail Air Road Rail Air Water
Passenger transport [euro/10° vehicle-km] Freight transport [euro/10°tons-km]
32.4 0.8 0.4 7.6 0.0 0.0 0.0

of fatal accidents will be achieved in the ending decade
2010-2020.

In the Europe on the Move package from May 2018,
the European Commission proposed a new approach
to road safety policy for 2021-2030. The long-term goal
is to bring the number of fatalities and serious injuries
in road transport closer to zero by 2050. The closest
new intermediate target is to reduce the number of road
fatalities by 50% by 2030 [5-6].

3 Road safety as a research problem

One of the many effects of traffic intensification was an
increase of number of road accidents. The reaction to this
phenomenon was planning various road safety strategies.
The historical order and context of these strategies is
discussed by Lu at works [7-8].

The reports of the Organization for Economic
Co-operation and Development, (OECD) highlighted
several major aspects of the road safety issues that have
gained particular importance in theoretical work and road
safety research at the beginning of the 21st century.

Among other things, a great need to build the road safety
theories and models was pointed out [9]: “Unfortunately,
the lack of theoretical basis 1s more common in road safety
research than in many other research fields. (...) There is
a lack of nmew research hypotheses and formulation of
general principles of counteracting”.

Safety defined in terms of accepted losses. As
a scientific concept or construct - “road safety” is usually
interpreted by political decision-makers, traffic experts, the
media and the public opinion - as a category representing
the total number of road accidents and their results
(fatalities and injuries of different severity) in a given time
period.

A different - according to the author, more creative -
is interpretation of “road safety” given by N.G. Levenson
[10]: Freedom from accidents or losses. (...) safety should
be defined in terms of acceptable losses”. Levenson adds:
Deciding on the level of acceptable losses is obviously
not a trivial issue and contains complex and ethically
contentious forms of socioeconomic evaluation al the

political level. This was already a definition that announced
the need to handle and manage risk. The key issue here
is decision making - determining the level of acceptable
losses. And that is the problem of the risk assessment.

4 Three important elements for systemic road
transport safety studies

Safety studiesas a “tied discipline”. One form of
discipline integration is clustering, when a single idea
becomes an axis of interest for several disciplines. This idea
can be a phenomenon, a problem, a person, a geographical
area, or other. Specialists from different disciplines study
a common theme from the perspective of their own
disciplines. This is how a “bonded discipline” arises. It
seems that such a knotty idea may be the “transport
safety”. A thesis can be formulated, [11]: “transport safety”
is a nodal idea that binds research on different branches of
transport. It is an interdisciplinary research”.

OECD experts for a long time have stressed the need
for a multidisciplinary approach to road safety research [9].

Geysen’s thesis as a tool for a broad view understanding
of safety issues

W. Geysen in his work [12] formulated as obvious as
inspiring thesis: “(...) safety problems in different areas are
very often of the same nature and can be formalized in the
same way”. This thesis allows to search for principles and
methods of effective road transport safety management in
other systems.

Geysen’s thesis allows the use of: reasonable analogies,
recognized theoretical concepts and some safety models
for safety transport studies. Among other things, the aim
is to critically review the known safety principles and
implement them in the field of transport. However, when
seeking reasonable analogies, it is important to keep in
mind the characteristics of transport and road transport
particularly. Geysen’s thesis provides a methodological
basis for research of the road transport safety, based on the
philosophical and methodological canons of Safety Science.

Safety in any system can be considered on four levels
[12]:
1. level of the “ safety philosophy” - setting safety criteria
and expected losses;
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2. the level of investigation of ways and methods, which
may be useful in improving safety;

3. the level of “safety technology” - implementation of
safety improvement techniques;

4. level of “safety policy” - compilation of knowledge and

practice of levels 1-2-3.

Haddon’s idea. The system approach to road safety
research was applied by Haddon, which in the model “3
phases of accident - 3 groups of risk factors” showed the
idea of systematic “safety intervention management” in the
road traffic. He spoke about the need for “comprehensive
systemic treatment”. In his model he presented an
epidemiological approach to road accidents as a “disease”;
he distinguished three phases of the disease and a triad
of general causative factors: man, vehicle, environment.
Treatment of such a disease would consist of interventions
in each of these phases and in each group of risk factors,
thus in each of the nine “Haddon’s cells” [13].

Haddon’s model can be interpreted - this is the author’s
view - as a variant of the principle of defense in depth;
it also resembles the “blunt-sharp-end” model. And no
wonder - both of these tools, although formally different
from the point of view of safety philosophy, are similar and
describe well the essence of systemic approach to safety
in general.

5 General system theory in the description of road
safety

Since the 1960s of the 20th century, attention was drawn
to usefulness of the systemic approach, introduced into the
scientific circulation by von Bertalanffy [14]. Among other
things, it was postulated that the road transport should be
interpreted as a complex and open system, which allows
to explain its inherent properties, hierarchical structure
and interactive processes. Road accidents are the result
of a failure to adapt the “structure” of this system to the
cognitive abilities of road users. Eliminating some of the
road accidents is possible by “matching” the traffic to road
users. This can be achieved by systemically improving all
the elements in the road traffic, i.e. by analyzing the effects
of the whole. The lack of this methodology results, for
example, in the “risk transfer” effect, which is the result of
risk compensation by road users.

The basic argument for applying the systemic approach
to transport safety issues is that the traditional, reductionist
approach has serious limitations that can be forced
through a holistic view of transport safety issues [15]. The
reductionist approach does not primarily take into account
the dynamic and blurred interactions between the transport
participant, mode of transport and transport infrastructure
[16].

The Skyttner’s thesis that the system approach to
road transport safety can play an important role: safety
is emergent property of the road transport [17]. Thus, it
is a system property that reveals itself when elements of
the transport system cease to be independent and interact

with each other. Emergency is the appearance of a new
system property, as if from nowhere and unexpectedly. Of
course not out of nowhere, but as a result of unobservable
complex interactions on different levels of the system
structure. Adopting the thesis about emergence means that
it is the interactions between the elements of the transport
system that are decisive in the occurrence of transport
accidents - especially in road transport [18-19]. The issue
of emergencies in general systems has a rich literature, see
e.g. [20].

Levenson’s observation is interesting in relation to
“safety optimization” [19]. Well, the optimization of safety
of particular elements or subsystems does not have to
lead to the optimization of the whole system (for example,
transport) due to complex and non-linear interactions
between these elements.

If a systemic approach is adapted to the road safety
testing, the complexity and dynamics of its processes can
be explained by interactions between traffic participants,
vehicles and road elements. Road safety, as well as other
measures of “performance” of the traffic system, can be
seen as properties resulting from incorrect interactions
between the traffic system components. The systemic
nature of the road safety problem is also referred to by W.
Haddon, who over 40 years ago gave an inspiring definition
of road transport as: “an ill-designed “man-machine”
system that requires comprehensive systemic treatment”,
[13].

The emphasis on the need for a research approach
based on “systems-oriented approach” appeared in OECD
expert opinions [9, 21]. Systemic analysis is mentioned here
as one of the disciplines belonging to the fourth paradigm
of the road safety research, while the “system-oriented
approach” should characterize the fifth research paradigm.

6 Road transport as a complex system

The transport system, which is analyzed over a large
area and in the long term, can be interpreted as a complex
system; it is justified here the definition of such systems
[22]: A complex system is one of which development is
very sensitive to initial conditions or small disruptions,
where the number of independent interacting elements
is large, or where there are many possible paths of
development for the system.

Large transport systems have both known forms of
complexity: 1. chaotic complexity; 2. organized complexity.

The first is the result of a very large number of elements
(infrastructure elements, means of transport, human factor
involved in implementation and participation in transport).
The second one results from the course of transport
working processes, mainly traffic processes. Safety depends
on the strength of the functional links present in such
systems. There are a tight and coupling connections. The
former is characteristic of a decentralized and the latter
of a centralized (hierarchical) management structure. This
leads to a paradox that characterized C. Perrow: the system
should be both centralized and decentralized.
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Large transport systems are complex systems, as they
have the following features:
1. they have difficult to define boundaries; they are
ultimately determined by the purpose and scope of the

study;

2. they are open systems, according to the cybernetic
approach;

3. they are memory-based systems; they are dynamic
systems;

4. they are “embedded” systems, i.e. their subsystems are
also complex systems in themselves;

5. they can “produce” emergencies (the emergence of
new features);

6. the interactions between the elements of these
systems are non-linear, which means that initially small
transport incidents can have large effects;

7. there are feedback loops in the interactions between
the elements, which means that there are both negative
and positive (amplifying) feedback.

Transport systems also meet other criteria for complex
systems:

8. they are intrinsically hazardous systems;

9. they contain mixtures of “hidden failures” (e.g.
incorrect design conditions);

10. the changes made generate new forms of damage
(failures);

11. safety is a system characteristics, not an individual
component.

In transport systems comes to huge numbers of
interactions between elements of transport infrastructure,
means of transport and the activities of the human factor.
The products of these interactions are sometimes hard
to predictable behaviors, systems, in particular, human
behavior in the areas of decision-making and action. The
ultimate product are transport accidents and congestion -
the main negative effects of transport /NET/ [23].

The work on road accident investigation methodologies
often considers that the underlying causes of traffic
accidents are mainly due to external (exogenous) rather
than internal (endogenous) sources. This leads to the
conclusion that the complexity of the road environment
may in certain situations exceed the adaptability of road
users, resulting in the generation of behavioral errors. From
a sociotechnical point of view, ‘complexity’ of the system
means that the road system is not properly designed for
road users. This is confirmed: adapting the traffic system to
the expectations of the road users is an important issue in
the Swedish study “Vision Zero” (SVZ).

D. Woods identified complexity factors in those
systems where the capabilities and skills of the human
factor are important, i.e. in sociotechnical systems,
which also include any transport system. In particular,
he identified four “dimensions” with which he defined
“cognitive requirements” to solve complexity problems in
any field [24]:

1. Dynamism - the property of a system to generate events
that cause changes;

2. Number of subsystems and the extent (extensiveness)
of links between them;

3. Uncertainty - which refers to information about the
investigated problem (phenomenon); this information
may be ambiguous, imprecise, erroneous, incomplete;

4. Risk - which refers to the “nature” of different system
results and their relative frequency.

These dimensions are also characterized by the
complexity of transport systems, in particular traffic
systems. The degree of system complexity depends on these
dimensions. It is believed that the increase in complexity
of any particular situation in the system under analysis
increases the potential for cognitive and perception errors.
Therefore, the greater the complexity of the situation, the
greater the temporary instability of the system, which may
increase the risk of accident. This thesis is consistent with
results of general systems theory and can be fully applied
in road safety research.

7 Perrow’s theory of “normal accidents”. Transport
accidents as system accidents

Charles Perrow’s main thesis of the “Normal
Accident Theory” (NAT) reads [25]: Accidents in complex
organizations ... are inevitable. This is exactly how road
accidents must be understood globally: they are inevitable.
Therefore, there remains only one rational strategy to
improve the road safety - to eliminate fatal and serious
accidents. Of course, this is known (SVZ), but 35 years ago
the creator of NAT stated this, only in a general perspective.

What Perrow described as normal accidents or
ordinary accidents, he also called, and later on others:
systemic accidents or organizational accidents. According
to Perrow, these are: unexpected interactions with many
Sailures in a complex system. From more recent work on
NAT, one can list [26-27].

The rather pessimistic Perrow’s thesis about inevitable
accidents in complex systems has its alternative; supporters
of the “high reliability point of view” claim that good design
and effective management in such systems can significantly
reduce the probability of accidents [28-29)].

It divides systems into simple and complex ones,
depending on the type of interaction in these systems.
Simple systems are those where simple interactions - i.e.
predictable-such asthose in the domino sets prevail. Systems
are complex if complex interactions are predominant - i.e.
unpredictable, coming from an accumulation of factors or
aspects that, taken separately, appear to be without risk.
The occurring complex interactions in the system are
accompanied by an emergence that initiates unpredictable
system behaviors that develop so quickly that the system
operator no longer understands the resulting situation,
making it irreversible and leading to a system accident. It is
this aspect of safety that Perrow emphasizes when he says
that “accidents in a complex system are inevitable”. System
accidents are the effects of an accumulation of the so-called
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“common-mode failure”, which are created in the system by

unknown feedback between system components.

An extensive definition of a systemic accident is given
by Llory (1999); I quote de Almeida [30]: “The accident
1S organizational to the extent that it is, primarily, the
product of a socio-technical organization. It is no longer
only the result of an “unfortunate” combination of passive
and latent failures with active and divect failures, no
longer only the result of a specific combination of human
errors and material failures”. And on: The accident is
“... rooted in the history of the organization: a series
of decisions, or the absence of decisions; the evolution
of the organizational, institutional and cultural context
that interferes in the future of the system; the progressive
evolution (deterioration) of conditions or factors that
are inside the organization, some particular events
that have a notable impact on the life and functioning
of the socio-technical system, crealing an unfavorable
situation: territory into which the accident (or incident)
may intrude and develop. [...] the accident incubates. The
incubation period may be long...”

The frequency of occurrence of systemic accidents
depends on many aspects of the functioning of a complex
system, but most of all it depends on:

e the degree of “interactive complexity”;

e the degree of “strong links” between system
interactions.

The latter feature makes the system highly
interdependent, i.e. changing one part of it can quickly
affect the state of other parts and the whole system.

It would be interesting to verify the hypothesis on
the frequency of system accidents in the road transport.
It would need to be examined whether this frequency
depends on the interactive complexity and strong links
in large road transport systems, as well as in integrated
transport systems. Possible “transport interpretations” of
system accidents, known from other technical areas, would
be of a great importance [19].

For a large road transport system to meet the criterion
of “strong links” it would have to have the following
characteristics [30]:

e most of the work processes are time dependent, i.e. the
system cannot be stopped while waiting for corrective
interactions to appear;

e specific and unchangeable sequences prevail, such that
event A always leads to event B;

e the system is inflexible, i.e. planned in such a way that
there is only one way to achieve the final goal.

Only the first criterion seems to be met by any
road transport system. By contrast, the dangerous goods
transport system would mostly meet these criteria.

8 High reliability organizations (HRO)
and transport safety management

In 1984, a group of researchers from the University
of California at Berkeley initiated research on complex

systems, which was named High Reliability Organizations
(HRO). The point is that there are systems whose integral
parts are the highly dangerous technologies, and yet serious
accidents hardly ever happen there. Those are systems in
which errors and failures can have disastrous consequences
for people and the environment. The matter of talking
are the nuclear power, chemical industry, management
systems in passenger aviation, maritime industry. So, the
HROs are systems where disasters are avoided and where
the so-called “normal accidents” are expected (a concept
Perrow) due to the many risk factors and complexity of
such systems.

How can one define the HRO in the easiest way?
According to K. Roberts, this can be done by answering
the following question: how many times could such an
organization fail without producing disastrous results? If
the answer is: tens of thousands of times, it means that
one is dealing with the HRO [31]; quoted after: [32]. The
key term “fail” here refers to the errors and malfunctions
that may occur in such a system, and yet, there will be little
consequence.

One may ask: are the large transport systems - which
are, after all, complex systems - also the HRO type systems?
So, can safety management in the road transport systems be
implemented using the philosophy and methodology used in
High Reliability Organizations? Large transport systems
may sometimes be the HRO systems’ exemplifications;
it is primarily about functioning of transport in the crisis
management conditions, as well as the transport of
hazardous materials. In general, however, road transport
could not be classified as the HRO systems, because [23]:
1) Thepotential consequences of individual road transport

incidents are hardly ever catastrophic; of course, the

extent of losses when dealing with road accidents over
longer periods of time is catastrophic;

2) Road accidents are not rare events (in the probabilistic
sense).

A review of the subject literature is contained in the
paper [33].

9 A new paradigm of systemic understanding of
road safety

Since 2000, when it was shown how a systemic
approach to road safety management could be used, global,
national and regional variants of this approach have begun
to emerge. In the WHO report of 2004 [13] and the Auckland
Regional Road Safety Plan 2009/12 - a characteristic of the
“new” paradigm of understanding road safety can be found
[34]:

1. Traffic injuries are highly predictable and can be
prevented by a rational analysis of possible remedies.

2. Road safety is a multi-sectoral social health problem
and it is impossible to achieve success in reducing road
accidents without the full involvement of all actors

(including other road risk “owners”).
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Figure 1 Systemic approach to road safety [35]

3. Any behavior of road users should not lead to death
and serious injury; a traffic safety system should
help all of them to cope with increasingly demanding
conditions.

4. The sensitivity of the human body should be a control
parameter (constraint) in the design for traffic and
speed management systems.

5. Technology transfer should be in line with local
conditions and the need to know how to implement
local road safety solutions.

6. Injuries in road accidents can be interpreted as lost
social capital and therefore all the road users should
be equally protected, keeping in mind, however, that
unprotected road users are subject to disproportionate
risks and injuries in road accidents.

It is worth recalling here the definition of “human
capital” [13]: this concept covers both direct costs and
indirect costs for individuals and society as a result of road
accidents; these costs include, among others: medical costs
(initial, ad-hoc, rehabilitation), insurance costs, all the
administrative costs related to the accident, occupational
costs.

The ARRSP 2009/12 Regional Road Safety Programme
contains an early version of the systemic approach to road
safety management [34]. Hence, several conclusions, which
are worth promoting:

1.  There must be complementarity of roles and actions at
all the levels of governance and social stakeholders in
order to achieve the overarching objective of keeping
the risk of the road accidents in the area to a minimum;

2. Road authorities, planners, investors must make
efforts to plan, design and build sustainable and safe
transport;

3. The necessary actions include
a) increasing safe access to all the modes of transport;
b) building “forgiving” transport infrastructure;

c) recognizing that vehicle speed management is at the

heart of this approach.

This is the quintessence of the system approach -
expressed in a somewhat advertising form: “Safer road

users using safe vehicles, travelling at safe speeds, on safe
roads, will reduce the impact of sudden collision forces,
which will cause less injury to people” [34].

A graphical interpretation of the systemic approach to
road safety is shown in Figure 1.

Such a “road system” allows for human error, not
leading to death or serious injury and responsibility for the
risk reduction is shared between the road users and system
managers.

10 Road transport safety system (RTSS)

The researcher’s object of interest is “road transport”,
i.e. a certain real object in which one identifies entrances,
exits, surroundings and various types of exchange that take
place between the “transport-round” pair. Here, of course,
it is possible to describe in detail such an object as the road
transport considered in a certain area and at a certain time.
It can be defined by describing the transport structure,
means of transport and four main work processes:

1. initial and final processes (loading);

2. traffic processes;

3. traffic control processes;

4. disruptive processes - among other groups of transport
system processes.

Different systems can be defined for such an object
and each of them will describe specific properties of the
analyzed object - that is the road transport. The property
one is interested in is “safety” - therefore, the “road
transport safety system” is defined, which must meet the
following rigorous system method:

1. Accuracy: the system should be strictly defined so that
it is clear what belongs and what does not belong;

2. Invariability: the definition of the system should be
unchangeable; it is not acceptable that some elements
of the system sometimes belong to the system and
sometimes not to it;

3. Comprehensive: the division of the system into
subsystems should be complete, which means that
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Figure 2 The road transport safety system [36]

the system must not contain elements, which do not
belong to any of the subsystems;

4. Disconnection: the division of the system into
subsystems should be separable. This means that
a system must not contain elements belonging to
several subsystems simultaneously;

5. Functionality: the system shall be kept separate

according to the specific function performed.

The concept of the RTSS should be considered as
a convenient conceptual abbreviation for everything that
concerns the road transport safety, considered in a specific
area and at a specific time. Thus, the RTSS is defined by the
three components:

1) The purpose of the system - to reduce individual and
social risks in different areas of transport operation;
2) A set of system components:
e The human factor in road transport;
e Technology (means of transport, road
infrastructure, rescue and medical technology);
e  Environmental factors;
e  Four working processes: motion, control; initial
and final, disruptive;
e Intangible components (standards, bans,
procedures, etc.);
3) The system’s relational structure, i.e. a set of relations

(interactions) between elements of the system -
important for achieving the system’s goal.

The RTSS defined in this way is a useful abstract and
can be used to model various safety and road risk issues.
Such a system can be described by the scheme shown in
Figure 2.

11 Conclusions

Any road safety improvement programme requires
the implementation of the 5E methodology (Education -
Engineering- Enforcement - Encouragement - Evaluation).
These are components of the system approach. The
construction of the road safety improvement programmes
in Poland must be supported by scientific research - also
those less known in Poland. This is research based on
a systemic approach to road safety. In particular, several
topics should be addressed:

1. Develop “transport interpretations” of system accidents
known from the Perrow’s theory of normal accidents
[25].

2. Develop a Polish methodology for identifying gaps in

the road traffic management system. It is primarily to
identify the so-called hidden conditions of management
failures and active management errors; the basis is the
theory of J. Reason [37] and the works of Rassmussen,
e.g. [38]. A little on this subject is also presented in the
paper [39].
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3. Develop methods for analyzing the road risk reduction Among the various systemic approaches to the road
potentials. safety research in the article, the author’s research results
4. Continue work on the selection of criteria and methods  are briefly shown. They concern the following issues:
of the risk analysis, which are the most useful forroad ¢ Integrated risk management in the road safety

transport systems [40]. system [36].

5.  Expand the road safety research (and more broadly e Potential safety concept in modeling risk and supply
transport safety) to risk studies in supply chains in chain reliability [41].
which the road transport plays an important role [41]. e  Use of complex systems theory and the HRO concept
Interesting are those studies that use the concept of in modeling the transport safety [23].
Human Reliability Organizations (HRO) to describe e  Use of the ,Swiss cheese model” and the LTSA model
and analyze supply chain disruptions [42]. to identify ,management gaps” in the Polish road

transport system [39].
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