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Resume
The article highlights the problem of occupational safety of a technological 
truck driver by improving the process of determining the level of occupational 
risk by studying the relationships between various external and internal 
hazards. A special algorithm is proposed, the main difference of which from 
the known ones is the procedure for analyzing and determining the causes 
of dangerous factors, for which it is proposed to use the “Decision-Making 
Trial and Evaluation” method (further - fuzzy Dematel). A cause-and-effect 
relationship has been established between dangerous factors that affect the 
work of a truck driver while driving a vehicle.
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39001:2012, ISO 45001:2018 and others, consists of several 
main steps: identification of hazards and dangerous 
factors (hereinafter - DF), determination of the damage 
level and occurrence probability of a dangerous event, 
establishment of causal consequential links between 
danger, DF and dangerous event, on the one hand and 
dangerous event and consequences, on the other. Next, 
the value of OR is directly assessed, which is the basis 
for justifying the protective and preventive measures. 
The last step is to check the OR assessment. Despite the 
fact that all the steps are quite important, and a mistake 
made at any stage can nullify the entire procedure, it 
is considered that the most difficult and responsible 
step is the first one: the identification of hazards and 
DF. Ignoring any hazard or DF can lead to catastrophic 
consequences that no one has expected. Therefore, in 
each specific case, there is a necessity to process fairly 
significant volumes of information: processing the letters 
of incapacity for work, accident materials investigation, 
results of sanitary and hygienic, ergonomic analyzes of 
the workplace, maps of working conditions, results of 
monitoring the performance of production operations, 
questionnaires, employees surveys to find out, not only 
the presence of the dangers themselves, but the causes 

1	 Introduction

With the industrialization spread in the world, the 
responsibility of employers for occupational safety has 
increased. This has led to necessity to introduce various 
legal acts both at the international [1] and national 
levels regarding occupational health and safety at work. 
In particular, the convention of the International Labor 
Organization (ILO) and the European Union (EU) 
89/391/EEC “Framework directive on health and safety 
at work” has been adopted at the international level, and 
at the national level - the corresponding legislation on 
labor protection and [2-5], which contains requirements 
for both employers and employees, the basis of which is 
the occupational risk assessment (hereinafter -OR). It is 
considered that its introduction allows to significantly 
increase the level of labor safety, due to elimination 
of industrial hazards that affect employees during the 
professional activities’ performance. The appropriate, 
high-quality assessment of occupational health and 
safety is a very important stage of the occupational 
safety and health management system.

The evaluation procedure of the assessing 
occupational risks, according to ISO 31000:2018, ISO 
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latter is the most appropriate, as it allows to assess 
reliably the level of the OR. However, a significant 
amount of statistical data is needed to determine the 
probability of the dangerous event occurrence. The issue 
raised in the case of road freight transportation (further 
- RFT) of hazardous substances that pose a significant 
threat to humans and the environment becomes 
especially relevant [9]. The author suggests that during 
the OR assessment, it is necessary to take into account 
the influence of the physical and chemical properties 
of the cargo being transported. However, the author, 
having disclosed in detail the consequences of such 
accidents and at the same time substantiating the need 
to take into account the type of cargo for the evaluation 
of the OR, does not indicate a specific procedure that 
would allow establishing the value of the OR. In the 
study [10], it is also suggested to pay attention to the 
type of cargo, the quality of the driver training and the 
influence of the environment, using the usual matrix 
system of the occupational risks evaluation. Moreover, 
they do not pay attention to the cumulative effect of the 
mentioned dangerous factors (PMs), but evaluate their 
impact separately from each other, which can lead to a 
significant error in the calculations of OR. In addition, 
no less important for reducing the level of professional 
risks is the construction of rational traffic routes, thanks 
to which a reduction in the distraction of the driver’s 
attention during transportation is achieved [11]. In 
another publication [12], the authors cited the results 
of the influence of a large number of participants in the 

- DFs, as well, which lead to and have an impact on 
the increase in the occurrence probability and severity 
of incidents, emergency situations, traffic accidents 
(hereinafter - TA), accidents or emergency situations 
(Figure 1). 

Also, it can be noted that this process is strongly 
influenced by the professional expert subjective 
opinion. A cohort of various cognitive biases (too 
much information, planning errors, optimism bias, 
fundamental attribution error, and others) quite often 
leads to incorrect evaluation decisions, calculations of 
the OR value [6-7] - neglect of obvious facts. At the same 
time, the processing of the entire set of the DFs would 
lead to a significant increase in the maps size for the 
OR assessment, the complexity of their understanding 
and reading, and most importantly, the selection of the 
most significant factors of incidents. Therefore, research 
aimed at improving this procedure, namely reducing the 
influence of the judgments subjectivity when calculating 
OR, is a rather urgent task [8].

2	 Analysis of relevant literature

Several different approaches are proposed 
for evaluating the OR in transportation processes: 
qualitative, semi-qualitative (when the occurrence 
probability of a dangerous event and the severity of 
the consequences are set by experts based on their own 
experience) and quantitative. Experts indicate that the 

Figure 1 Dangerous Factors’ threat
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The fuzzy Dematel method is superior to other 
multi-criteria management decision-making methods, 
such as “Interpretive structural modeling” (ISM) and 
“Analytic Hierarchy Process” (AHP) methods, as it 
allows to assess the overall degree of influence of various 
factors or problems effectively, to identify the cause-and-
effect groups and establish causal relationships [15-17]. 
The use of fuzziness in the fuzzy Dematel method allows 
to use imprecise information that is typical for ordinary 
human judgments. It includes four main stages [18-20].

Formation of data for analysis. To identify areas 
where the process improvement is possible, data relevant 
to the problem under consideration must be collected so 
that various quantitative and qualitative operations can 
be applied to refine the details.

Identification of received data. The information 
collected at the stage A is important for identifying 
the potential problems (PP) that prevent the normal 
operation of the technological (transportation) process 
under consideration. Based on the nature of the received 
information, the quantitative and qualitative data 
analysis is carried out. It is also possible to convert the 
qualitative (logistic statements) data into quantitative 
data and vice versa.

Analysis of relationships. The number of problems 
highlighted in this step can vary from a few units to very 
large values. It is believed that none of the problems 
exists by itself, without the connection to the others. In 
other words, each problem can drive others or depend on 
other problems. Therefore, it is important to analyze the 
interrelationships between problems.

Interpretation of the obtained results. At this stage, 
the results of the analysis carried out at the relationships 
analysis stage are interpreted.

The above four stages can be divided into several 
consecutive steps of the research (Figure 2), which will 
allow to obtain the appropriate result from the analysis 
of the impact of certain DFs on the efficiency of the 
technological (transportation) process.

At the first step, a group of experts-specialists in 
the relevant field is formed, who have theoretical and 
practical experience in the relevant field of activity to 
identify the DFs related to the professional activity of 
the driver and their consequences. Five experts were 
selected to carry out this procedure (Table 1).

At the second step, evaluation criteria are 
determined and the fuzzy linguistic scale is developed 
for expert evaluation. At this stage, various criteria 
and degrees of each problem’s relative importance are 
determined, and presented in the linguistic classification 
terms: very high impact, high impact, low impact, very 
low impact and no impact. Answers of experts were 
transformed into the fuzzy numbers using a fuzzy 
scale (Table 2). Triangular fuzzy numbers were used; 
the triangular fuzzy number zu  is defined as follows: 

, ,z l m u=u ^ h , where l, m and u are real numbers and  
l ≤ m ≤ u. 

transportation process and their possible incompetent 
actions, which lead to an increase in random factors 
and the resulting OR. To identify the transportation 
risks, the authors suggest using the SWOT analysis, 
which does not allow for the ranking of OR, but only 
indicates the presence of a number of strengths and 
weaknesses with the identification of threats that affect 
the RFT. The interesting solution for the occupational 
risks assessment was proposed by the authors in [13], 
to identify the OR that appears in the transport chain. 
At the same time, for each step, it was proposed to 
determine, instead of the severity of the consequences, 
the quality of the cargo transportation process. The 
result is the amount of OR when performing the RFT 
of the corresponding type of cargo. At the same time, 
having proposed a good idea, the authors subsequently 
followed the path of semi-quantitative analysis, which 
requires appropriate preparation for conducting such an 
analysis. Another unusual approach to the assessment 
of transport risks was shared by the authors in [14], 
where it is proposed to carry out a OR assessment by 
the Functional Resonance Analysis Method (FRAM 
method), which allows to consider the influence on the 
final result of four factors, which are set by the functions 
of time, control, availability of preconditions and a 
sufficient number of resources. On the one hand, this 
approach allows for more thorough determination of the 
occupational risks of failure to perform the transport 
work, and on the other hand, it forces a qualitative 
assessment of the function variability, which can 
introduce additional errors into the transport process 
risk assessment.

The conducted analysis indicates the need to develop 
or improve the process of DFs identification, which 
increase the probability of a dangerous event to reduce 
the procedure subjectivity for the management of OR in 
road freight transportation.

The purpose of this study was to improve identifying 
the to improve the process of identifying the dangerous 
factors that increase the probability of a dangerous event 
occurrence and the severity of its consequences to reduce 
the subjectivity of judgments during the managing 
professional risks procedure ine implementation of the 
road freight transportation.

3	 Materials and methods

For the above mentioned procedure it was planned 
to use the fuzzy Dematel method, which is based on 
paired comparison and decision-making tools based on 
the Graph theory [15-16], which would allow the causal 
relationships transformation in structural-visual models 
and together with verification of experts’ assessments of 
emissions according to the Grubbs criterion to identify 
and understand the most relevant interdependencies 
between various DFs that cause human harm.
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treated as a triangular fuzzy number , ,z 0 0 0=u ^ h , 
when it is required. 

In the fourth step, the normalized fuzzy matrix of 
direct connections is analyzed. Suppose that: 

The membership function zn u  is defined as follows:
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The third step involves the construction of a fuzzy 
normalized matrix of direct communication based on 
the results of expert judgments of the problem under 
consideration. Fuzzy matrices , , , ,z z z zp1 2 3 fu u u u  are formed. 
Triangular fuzzy numbers were generated according to 
the judgments of the experts who participated in the 
peer review. The initial direct matrix is the fuzzy matrix 
zku :

Figure 2 Algorithm of the fuzzy DEMATEL method

Table 1 Data from experts participating in research

Information Amount

Number of experts 5

Work experience in transport logistics positions from 10 to 14 years

Education of experts majored in transport technologies

Work experience more 10 years

Availability of an auditor’s certificate for the company’s quality and safety 
management systems Yes

Advanced training in risk assessment according to requirements ISO 45001 Yes

Table 2 Word phrases and corresponding fuzzy numbers [21]

Final equivalent Description A vague equivalent

Very high impact VH 0.75 1 1

High impact H 0.5 0.75 1

Low impact L 0.25 0.5 0.75

Very low impact VL 0 0.25 0.5

No influence NO 0 0 0.25
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Based on the results of the calculation carried out 
in step 7, a cause-and-effect diagram was built. Its 
feature is determination of the causal and consequential 
dangerous factors. As a result, r + c indicates the 
importance of criterion i in the system and r - c shows 
the effect of criterion i in the system. If r - c is positive, 
the effect of criterion i belongs to the group of reasons, 
and if r - c is negative, the effect of the criterion belongs 
to the group of “dependents”, which allows establishing 
the most important (causal) ones, according to which the 
risks are determined when performing the road freight 
transportation. 

4	 Research results

To assess the risks in implementation of the RFT, 
one can use the “Bowtie” model [24], which is the 
most widespread, as it allows to clearly establish, 
by visualizing, the cause-and-effect relationships. 
Moreover, with its help, it is quite simple to show the 
effect of DFs, which increase the probability of the 
dangerous event occurrence (Figure 3). The latter, in 
accordance with the requirements of the international 
standards of the ISO 9000, ISO 14000, ISO 39000, 
ISO 45000 series, include all the external and internal 
threats, challenges, inconsistencies that are identified 
during audits, analyzes by management, investigation of 
incidents, accidents during implementation RFT [11-12].

Thus, the analysis of various literary sources [25-
27], as well as familiarity with the main causes of 
traffic accidents, made it possible to establish the main 
dangers (Table 3) that lead to traffic accidents and 
represent any source with the possibility of causing 
injury and deterioration of driver health. 

Considering that the dangerous event occurrence is 
significantly influenced by various factors that increase 
its occurrence and the severity of its consequences, 
there is a necessity to build an appropriate register that 
would take into account at least several different groups 
of factors: human, organizational, social, technical, 
climatic, ergonomic ones. In each of the groups listed in 
Tables 4 and 5, specific dangerous factors that belong 
to one or another organization are considered. They are 
formed from working conditions, economic situation, 
technology and other components of organizational 
culture, which includes common/individual language/
knowledge, acceptable technical solutions, common 
values, views, explicit/implicit symbols, shared 
experience, social customs and social norms, “maps 
meanings” that make social life understandable for 
employees of a separate company. 
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A  linear transformation was used to transform 
the criteria scale into a  scale of comparable values, 
and a  normalized fuzzy matrix of direct relationships, 
obtained as a  result of expert evaluation, has the 
following form given in Equation (4):
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where k = 1, 2, 3, ..., p. 
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Similar to the conventional Dematel method, we 
assume that there is at least one value of i such that 

u rij
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Xu  denotes the average value of the judgments of 
all the experts who participated in the evaluation of the 
technological process:

X p
x x xp1 2 f= + + +u u u u .	 (6)
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where X p
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The fifth step is to calculate the overall fuzzy matrix 
of connections Tu . It is known that lim XW

W H="3 , 
where H  is the zero matrix. In addition, it is known that 

.lim X X X X X1 1W
W2 1

$f+ + + + = -"3
-u u u u^ ^h h  

Both of these relations are proved in [22-23]. The last 
matrix is a general fuzzy matrix of connections Tu . 

The sixth step consists in calculating the general 
matrix of connections Tu . Significance and relative 
position vectors are calculated, as well.

In the seventh step, all the fuzzy numbers are 
converted to exact values. For this, the following variant 
of the CFCS method is used. Suppose there are triangular 
fuzzy numbers , , ;N l m uk k k k=u ^ h , , ,k n1 2 f= . Provided 
that ; ;max maxL l R u R Lk k T= = = -^ ^h h . That is, 
the usual value is calculated according to the following 
formula: 
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apply various mathematical approaches to process the 
results received from experts and check their estimates 
for emissions, the Grubbs’ criterion is used: 

G
S

X X
max

n=
- r

,	 (9)

where Xn is the proposed expert assessments, Xr  is the 
sample mean and S is the mean square deviation. 

Where it is necessary to calculate the mathematical 
expectation or the average value of the obtained results: 

X n X1
i

i

n

1

=
=

r | .	 (10)

It is also necessary to calculate the mean square 
deviation: 

s n X X1
1

i
i

n

1

2= - -
=

r^ h| .	 (11)

As it has been already mentioned, a necessary 
condition for a successful occupational risks assessment 
is identification of all the potential hazards and their 
DFs, which is the basis of the first step in the OR 
assessment - hazard identification. The main complexity 
of the mentioned process includes the processing of a 
significant amount of information, that is, determination 
of the influence of one or another factor based on the 
establishment of cause-and-effect relationships, which 
would be carried out using the DEMATEL method, the 
algorithm of actions according to which is described 
above. A group of experts (Table 1) separately from 
each other, conducted pairwise comparisons of the 
determined dangerous factors (Table 4 and 5) and filled 
in the corresponding matrix-diagram (Figure 4) with 
pre-established criteria (Table 2). Unfortunately, this 
process is significantly influenced by the subjective 
judgments of experts, which are reinforced by possible 
cognitive distortions. Therefore, there is a necessity to 

Figure 3 The OR management model in the presence of DF in the external  
and internal environment of an organization

Table 3 Register of dangers affecting the motor vehicle driver

Threat Dangerous 
event General DF Consequences of 

a dangerous event

Affecting the probability 
of the occurrence of a 

dangerous event

Affecting the degree of 
severity of the consequences 

of the occurrence of a 
dangerous event

A moving car Traffic accident

Organizational factors; 
the condition of the driver; 
technical condition of the 
car; climatic factor, social 

factor

The condition of the driver, 
the technical condition of 
the car, the condition of 

the water, operational and 
organizational factors

Serious injuries: broken 
bones, ruptured internal 

organs, skull fracture 
and brain contusion, etc.

Running car 
engine Fire Technical condition of the 

car, operational

Technical condition of the 
car, condition of the driver, 
operational, organizational 

factor

Serious injuries: burns 
and others

A working car 
engine in which 
fuel vapors have 

accumulated

Explosion Technical condition of the car

Technical condition of 
the car, water condition, 

operational, organizational 
factor

Severe injuries: broken 
bones, ruptured internal 

organs, skull fracture 
and brain contusion, 

burns, etc.
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With help of the following formulas, one checks for 

outliers the maximum and minimum results of expert 
assessments, provided that the indicator exceeds the 
critical value: 

Table 4 An example of a low-risk register - a moving truck (when carrying out an RFT) - part 1

A group of 
dangerous 

factors

Designation of 
the factor

Dangerous factor (DF)

Human A1 Distractions while driving - texting or talking on a cell phone

A2 Lack of system understanding skills and safe decision-making skills

A3 Aggressive behavior while driving a truck

A4 Negative physical state of health and psycho-physiological state of the driver

A5 Lack of regular and periodic training to improve professional skills

Technical A6 Non-compliance of the truck with the physical and chemical properties of the transported 
cargo

A7 Inconsistency of the carrying capacity of a vehicle with the amount of cargo being 
transported

A8 Operation of a technically defective truck and equipment

A9 Low-quality spare parts and untimely installation and replacement of units and assemblies 
according to the terms of maintenance and repair.

A10 Operation of the equipment after the warranty period of operation

A11 Untimely replacement of hydraulic fittings during maintenance

A12 Negligence in observing the technical condition of the truck’s passive safety systems 
(airbags, safety belts, impact-absorbing bumpers, etc.).

A13 Lack of appropriate equipment of the truck to perform the RFT

A14 Lack of high-quality supervision and technical inspection of the technical condition of the 
truck

Table 5 An example of a low-risk register - a moving truck (when carrying out an RFT) - part 2

A group of 
dangerous factors

Designation of 
the factor Dangerous factor (DF)

Organizational

A15 Lack of emergency equipment (fire extinguisher, etc.), first aid kits

A16 Exceeding the standard working time of a truck driver (driver fatigue)

A17 Overloading of a truck when carrying out the RFT

A18 The cabin is dirty, there are foreign objects in the driver‘s seat

A19 Lack of regular diagnostics and appropriate maintenance

Operating

A20 Inconsistency of tire pressure with the road conditions

A21 Unadjusted electronic driver assistance systems when driving a truck

A22 Lack of proper pre-race medical control of the driver‘s health

A23 Fog, rain, snow/night time - poor visibility of the road by the driver

Social

A24 Lack of financial support in a difficult situation

A25 Low wages

A26
Absence of monetary supplements for the difficulty of performing professional 
functions

A27 Overtime work schedule

Ergonomic

A28 Lack of ease of steering wheel adjustment

A29 Lack of sufficient and convenient visibility at the workplace

A30 Lack of adequate air conditioning/heating system
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indicator (μ), which was determined from the matrix 
of the overall impact. The threshold value is set by 
calculating the sum of the mean and standard deviation 
(μ + σ). At the same time, it is considered that all the 
DFs from each group will lead to a dangerous event 
and, in general, cause harm to human life or disruption 
of the performance of the transport task during the 
implementation of the road freight transportation. In 
addition, when compiling a matrix-diagram, experts are 
invited to take into account the possibility of controlling 
the value of each factor. Next, processing of the results 
of the conversion is carried out, which allows obtaining 
the prioritization of DFs (Table 6 and 7) and conducting 
a detailed analysis to determine their impact on a 
dangerous event. So, in the given example, the largest 
indicator (r + c) is recorded in the DF numbered A2, A3, 
A4, A11, A12, A14, A15, A16, A15, A17, A18, A20, A21, A22, A23, A25, 
A26, A27, A28, A29, A30 (Figure 5), while taking into account 
only those dangerous factors in which the difference  
(r - c) had positive values. 

Based on [26], the determined causal factors can 
be divided into decisive, that is, those that affect the 
probability of the dangerous event occurrence and 
secondary - those that have a less strong influence 

, , ; , , ,N l m u k n1 2k k k k f= =u ^ h . For this, used the 
condition that the level of influence, which is calculated 
as r - c, should be bigger than the average number of 
Scp. matrices of general influence. The basis of this 
transformation is the combination of r and c criteria 
into a single matrix by transforming the “positive” 
indicator of the value of each factor into a “positive” one. 
Additionally, an alternative approach for determining 
the significant dangerous factors is presented. Thus, the 
causal dangerous factors are determined by fulfilling 
the condition /r c 1i i (  or r c 0i i (- . The next 
step is to establish the significance of the causal 
dangerous factor. For this purpose,  it is proposed 
to determine the range for the indicator of the level 

where α is the level of significance, which is determined 
in accordance with the requirements [28]. 

In the case of non-fulfillment of the specified 
inequality, the results of evaluations will be considered 
as emissions that must be excluded. In addition, the 
experts who gave such an assessment are clarified 
to identify the reasons for e validity of their choices 
of points during the examination. Critical values of 
statistics are chosen based on the distribution law 
of a  random variable. Those values can be found for 
a normal distribution according to the requirements of 
[28]. In the case of suspicion of two outliers, Grubbs’ 
two-outlier statistic is used to evaluate the population 
of results. 

The dimensions of the matrix-diagram are 
determined by the number of the DFs that affect the 
activity of drivers when performing the road freight 
transportation. In this case, an appropriate number 
(thirty) of DFs was proposed during the implementation 
of the RFT, although this list is far from complete. Each 
expert analyzes the causal relationship between a pair 
of DFs. At the same time, the connection can be absent, 
weak or strong, which is encoded by the corresponding 
symbols. The subjectivity of experts’ judgments at 
this stage is reduced during the averaging of their 
results after steps 4, 5, when the general matrix of 
connections of the determined DFs is built. In this case, 
the judgment of experts is, as a rule, based on the OR 
control approach. In addition, to reduce the influence of 
subjectivity of judgments during the transformations of 
the values of the relationship between DFs established 
by experts, a threshold indicator (μ) at the level of 0.5 
was introduced, which makes it possible to filter out 
rather insignificant connections in which the experts 
were not sure [25]. It is worth noting that to reduce the 
subjectivity of experts’ judgments, when calculating the 
degree of importance and impact of the OR, the standard 
deviation σ was considered to determine the threshold 

Figure 4 An example of the matrix of pairwise comparisons, which is filled out by experts
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Table 6 Prioritization of DFs based on degree of importance (r + c) and level of influence (r - c) - part 1

DF

Calculated data Degree of 
importance

Level of 
influence Determination of 

the type of DF

Determining the 
significance of 

the impact of the 
causative DF

Definition of 
the DF used in 

risk calculations 
(if causal and 
significant)

r c r + c r - c

A1 28.44 28.73 57.17 -0.29 consequential not considered not used

A2 32.53 28.28 60.11 3.65 causal essential* used

A3 31.36 28.24 59.10 3.12 causal essential used

A4 26.69 29.24 55.93 -2,55 consequential not considered used

A5 28.02 28.39 56.41 -0.37 consequential not considered used

A6 28.02 29.79 57.81 -1.77 consequential not considered used

A7 29.26 28.10 57.36 1.16 causal not essential* used

A8 27.71 29.21 56.92 -1.50 consequential not considered used

A9 28.93 28.12 57.05 0.81 causal not essential used

A10 27.72 28.53 56.25 -0.81 consequential not considered used

A11 25.74 28.70 54.44 -2.96 consequential not considered used

A12 30.55 28.48 59.03 2.07 causal essential used

A13 27.77 28.93 56.70 -1.16 consequential not considered used

A14 32.26 28.61 60.87 3.65 causal essential used

Table 7 Prioritization of DFs based on degree of importance (r +c) and level of influence (r - c) - part 2

DF

Calculated data Degree of 
importance

Level of 
influence

Determination of the 
type of DF

Determining the 
significance of 

the impact of the 
causative DF

Definition of 
the DF used in 

risk calculations 
(if causal and 
significant)

r c r + c r - c

A15 31.14 29.31 60.45 1.83 causal essential* used

A16 30.58 29.16 59.74 1.42 causal essential used

A17 31.13 28.82 59.95 2.31 causal essential used

A18 31.23 28.40 59.63 2.83 causal essential used

A19 26.53 27.55 54.08 -1.02 consequential not considered not used

A20 28.60 27.94 56.54 0.66 causal not essential* not used

A21 27.08 27.82 54.90 -0.74 consequential not considered not used

A22 31.49 29.33 60.82 2.16 causal essential used

A23 30.61 29.20 59.81 1.41 causal essential used

A24 28.72 29.14 57.86 -0.42 consequential not considered not used

A25 26.00 27.86 53.86 -1.86 consequential not considered not used

A26 25.85 28.05 53.90 -2.20 consequential not considered not used

A27 30.09 28.51 58.60 1.58 causal essential used

A28 27.77 27.63 55.40 0.14 causal not essential not used

A29 26.18 27.87 54.05 -1.69 consequential not considered not used

A30 26.91 28.39 55.30 -1.48 consequential not considered not used

Note* causative case at r c 0(-  or /r c 1( ; * causative case at r c 0#-  or /r c 1# ; *essential .S 1 2cp(   
or .max maxr c r c r c0 2$ (- - -^ ^ ^h h h ; *not essential .S 1 2cp#  or . max r c r c0 2 0( (- -^ ^h h .
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there are also the consequential factors that affect the 
severity of the consequences, but they were not identified 
in this study.

In this study, it is assumed that for the further 
analysis of the occurrence assessment of a dangerous 
event, we select only dangerous factors that are the 
causes and form the corresponding impact on the 
dangerous event and the severity of consequences. 
Constructed prioritization of the dangerous factors, 
compatible with their ranking, makes it possible to 
obtain a map of connections from which it is clearly 
visible how the faults are related to each other and 
which of them are causal and which are consequential. 
If the first (causal) faults are eliminated, the second ones 
will disappear or at least weaken the influence, as well, 
however, experts still need to further analyze the results 
to identify possible inaccuracies.

The last step of the procedure is to clarify the 
cause-and-effect relationships between the hazard and 
the dangerous event and the consequences severity, 

of influence (ri - ci) from the principle “As low as 
reasonably practicable” (ALARP), that is, the residual 
level of risk should be reduced as much as it is 
practically possible. In this case, the following condition 
is provided: .max maxr c r c r c0 2i i$ (- - -^ ^ ^h h h

, i.e., the level of influence is limited up to 80 % of all the 
cases. As a result of the calculations, only 11 dangerous 
factors A2, A3, A12, A14, A15, A16, A17, A18, A22, A23, A27 would 
satisfy the given condition.

The obtained results would be divided into four 
zones in accordance with the recommendations [29] 
(Figure 6). The first zone includes the causal factors that 
affect the probability of the dangerous event occurrence, 
the calculation of which satisfied the above-mentioned 
condition - A2, A3, A12, A14, A15, A16, A17, A18, A22, A23, A27.

The second level includes consequential factors 
that have an impact on probability of a dangerous 
event occurrence, as well. The third level allows to 
establish the causal factors that affect the severity of the 
consequences, which include A12, A15. In the fourth zone, 

Figure 5 The connection map example between the measurements  
of DF (Sav average number of the matrix of general influence is 1.3)

Figure 6 Division of consequential DFs into influential ones in terms of probability  
and severity of consequences according to criteria
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factors or criteria; the second type is determination of 
the key factors based on cause-and-effect relationships 
and degrees of interrelationship between them; the 
third type is the weighting criteria determination 
by analyzing the relationships and levels of criteria 
influence. The last two types make it possible to 
transform the relationships between the factors into 
an understandable structural model of the system 
and divide them into a group of causes and a group 
of consequences [32]. For this, a threshold value, such 
as the mean of the total effect matrix, is set to filter 
out minor effects. Thanks to a detailed review of the 
Dematel methodology, there is an opportunity to reduce 
the influence of subjective judgments of experts through 
the uncertainty assessment in the decision-making 
process using the fuzzy sets to capture the relationships 
of mutual influence between quality attributes [33].

When determining the significant DFs, one should 
also pay attention to development of a dangerous event, 
evaluate the effectiveness of all the existing control 
measures, for example, design specifications, timeliness 
of providing medical assistance, and propose those 
that would significantly reduce the level of OR. This 
will make it possible to adjust the threshold indicator 
to avoid errors and reduce the subjectivity influence. 
It should be noted that most of the relevant DFs are 
interdependent, which also needs to be taken into 
account when establishing causal and consequential 
DFs. The higher the relationship weight is set, the better 
the score will be compared to others.

For example, certain limitations must be considered 
when interpreting the obtained results. First, the 

taking into account the established significant DFs. In 
particular, one can fill out the appropriate form (Table 
8), which allows to further evaluate the OR when 
implementing the road freight transportation.

5	 Discussion

The DFs’ identification process involves the cause 
and sources of risk determination, as well as events and 
situations that may have general results regarding the 
objectives and nature of the OR. Taken together, this is 
the foundation for justification of the effective preventive 
and protective measures. From this example, six main 
DFs have been identified, which have the greatest 
impact on both the probability of an incident occurring, 
as well as six DFs that affect the severity of the 
consequences, which allows for a more thorough study 
of these factors’ influence on the magnitude of the risk 
in the future. The specified DFs were determined based 
on determination of the cause-and-effect relationships, 
by evaluating pairwise comparisons to establish the 
most influential DFs on the occurrence probability of 
a dangerous event by degree of importance, and for 
the severity of consequences - by the level of influence, 
which are determined by transforming a vague set into 
a clear number by the affiliation degree, which occurs 
during the relevant calculations using the Dematel 
method. This conclusion is supported by the existing 
classic studies conducted using the fuzzy Dematel 
method [30-31], which can be classified into three types: 
the first type is relationships identification between 

Table 8 The form for determining the cause-and-effect relationship between a hazard, a dangerous event, DF and the 
consequences of an RFT

Danger DFs that affect the increase in the 
probability of a dangerous event occurring

Dangerous 
event

DFs that affect the increase 
in severity from the 

occurrence of a dangerous 
event

Consequences

Moving 
truck

A2. Lack of system understanding skills and 
safe decision-making skills by a driver on 

the road
A3. Aggressive behavior while driving a 

truck
A14. Lack of high-quality supervision 

and technical inspection of the technical 
condition of the truck

A16. Exceeding the standard working time 
of a truck driver (driver fatigue)

A17. Overloading of a truck when carrying 
out RFT

A18. The cabin is dirty, there are foreign 
objects in a driver’s seat

A22.  Lack of proper pre-race medical control 
of driver’s health

A23. Fog, rain, snow/nighttime - poor 
visibility

A27. Overtime work schedule

Traffic accident

A12. Negligence in observing 
the technical condition of 
the truck’s passive safety 
systems (airbags, safety 
belts, impact-absorbing 

bumpers, etc.).
A15. Lack of emergency 

equipment (fire 
extinguisher, etc.), first aid 

kits

Driver injuries 
(disability, death)



T H E  D A N G E R O U S  F A C T O R S  I D E N T I F I C A T I O N  F E A T U R E S  O F  O C C U P A T I O N A L  H A Z A R D S . . . 	 F75

V O L U M E  2 5 	 C O M M U N I C A T I O N S    3 / 2 0 2 3

or ri – ci ( 0 is fulfilled, followed by determination of the 
DF significance by limiting the exposure level indicator 
to a certain range, which is calculated based on the “As 
low as reasonably practicable” (ALARP) principle, i.e. 
the residual risk level should be reduced as much as it is 
practically possible.

It is proposed to reduce the subjectivity of experts’ 
judgments, regarding the influence of DFs on probability 
of a dangerous event occurrence, when calculating 
their degree of importance and impact using the fuzzy 
Dematel method to adjust the threshold indicator 
that excludes weak relationships during a pairwise 
comparison of DFs, by taking into account the standard 
deviation, which was determined from the general 
influence matrix, using the Grubbs test.

An improved bow tie model, which visualizes the 
cause-and-effect relationship between danger and a 
dangerous event in the implementation of freight road 
transportation, which provides for the risk assessment 
to take into account dangerous factors that increase 
the probability of an incident and the severity of the 
consequences of its occurrence.
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magnitude of established causal relationships cannot 
be established between variables. Yes, it cannot be 
ruled out that the frequent aggressive driving of the 
A3 can be reduced with appropriate controls or better 
professional training. Secondly, the threshold indicator 
is set without distinguishing groups of factors, although 
it can be considered that the human factor has the 
greatest influence on the road accident occurrence [34-
35]. In other words, in this study, DFs were assessed as 
a broad construct, and future studies could further focus 
on specific threats based on their occupational context.

6	 Conclusions

To carry out the process of hazards and DFs 
identification, it is proposed to provide an appropriate 
ranking of the latter to identify the most important 
(causal) ones, according to which the OR is determined 
during the implementation of the road freight 
transportation.

A register of the DFs has been developed, which 
include six typical groups: human, organizational, 
technical, operational, social, ergonomic, which increase 
the probability of a dangerous event occurring during 
the implementation of RFT.

Based on the cause-and-effect relationships, using 
the fuzzy Dematel method, using the Grubbs criterion, 
the most influential variables that affect the probability 
of a dangerous event and the severity of consequences 
are determined to assess the risk of a road accident.

It is suggested that the most influential dangerous 
factors are determined by comparing the indicator of 
the influence level of DFs (c) to the average number 
of the matrix of total impact (Scp), when the condition  
(ci ≥ Scp) is fulfilled, and if the condition that ri / ci ( 1 
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