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Abstract
Introduction. Given the specificity of the occupation of professional drivers, fatigue is a very serious problem. Tired drivers 
can pose a huge threat to themselves and to other users of public roads. The effects of fatigue can lead to loss of drivers’ 
and other users’ health or life.  
Objective. The aim of the study was to analyze some aspects of fatigue in Polish professional drivers (e.g. symptoms of 
fatigue reported by drivers, their frequency and number, critical hours, and fatigue management) in relation to such variables 
as the job seniority, the mode of transport, and the covered distance.   
Materials and method. The study involved 398 professional drivers. The method of research based on an anonymous 
electronic survey.  
Results. The survey showed that 89% of the respondents declared that they suffered from fatigue at work. The most 
common symptoms of fatigue reported by the drivers included drowsiness (76% of the respondents), eye strain (67%), lack 
of concentration (45%), and lack of energy (44%). The mean number of fatigue symptoms indicated by drivers involved in 
different modes of transport and covering different distances did not differ significantly.   
Conclusions. The analysis revealed that the everyday experience of fatigue reported by the surveyed drivers depends on 
job seniority. There is a significant difference in the occurrence of critical hours experienced by drivers covering different 
distances.
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INTRODUCTION

The phenomenon of fatigue occurs on a daily basis in many 
workers [1–7]. Formulation of a clear-cut definition of fatigue 
is quite difficult, as the causes and effects of this phenomenon 
may vary a great deal. As specified by the international 
ISO 10075 standard, ‘fatigue is a local or systemic non-
pathological manifestation of the effects of excessive strain, 
which is completely reversible with rest’ [8]. The basic division 
distinguishes between the physical fatigue of the muscular 
system and mental strain, which can prolong the reaction time, 
decrease the level of alertness, or cause difficulty in processing 
information. Additionally, sensory fatigue reduces the speed of 
response to incoming (mainly visual) stimuli, and emotional 
strain can be imposed on the driver by stress associated with 
time pressure or dangerous situations on the road [9].

Given the specificity of the occupation, fatigue is a 
very serious problem in the professional group of drivers. 
Nowadays, driving a car is associated with the problem of 
increasingly complex and intensified traffic. This requires 
the driver’s full concentration on the road, which increases 
fatigue and can greatly enhance the risk of accidents. This in 
turn may result in loss of the health or death of the vehicle 
driver or other road users [9, 10]. One of the most common 
injuries caused during road accidents is cervical spine trauma 
[11]. Burnout factors, such as attitudes towards work, physical 

and mental workload, prolonged stress or fatigue, can also 
cause accidents [12]. There are many causes of driver fatigue. 
They are associated with the mental and physical status of the 
driver as well as the organisation of work, road conditions, 
and many other factors (e.g. noise, vibrations, monotony, 
and air pollution) [13–22].

Fatigue mainly leads to lack of proper alertness on the 
road and inability to maintain necessary concentration. 
There are many symptoms accompanying fatigue reflected 
in physical ailments or deterioration of the mental state. 
The most common symptoms include drowsiness, slackened 
attention, lack of energy, irritability, slow thinking, lack of 
concentration, headache, lumbar pain, eye strain, nausea, 
stiffness of shoulders, arm and leg tremor, and the need 
to lie down [23, 24]. Fatigue deteriorates such functions 
as perceptiveness, concentration, speed of reaction, and 
stability of reaction. It also impairs the ability to process 
information and has a negative impact on short-term 
memory [25]. Tired drivers have difficulty in assessing their 
own abilities and drowsiness occurring together with an 
increasing feeling of fatigue. Drowsiness significantly reduces 
the driver’s alertness, which results in an 8-fold higher risk of 
involvement of the driver in road accidents, compared with 
well-rested drivers. As indicated by statistics, tired drivers 
who are unable to assess their own level of strength are a 
cause of approximately 15% of dangerous road accidents [10].

The most common type of categorization in the research 
of road accidents refers to the driver’s action in terms of 
causality. One group of road accidents are those caused 
by the driver involved, while others are those where the 
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driver’s actions did not contribute to the accident. Research 
conducted among bus drivers by Dorn and af Wåhlberg 
indicate that only 44% of all accidents were considered by 
the company to be the fault of the bus drivers. The concept of 
behavioural culpability in the investigation of road accidents 
is closely connected to the idea of accident proneness and 
the prediction of accident involvement from individual 
differences variables [26].

Proper organisation of work is a basic requirement in 
the prevention of excessive driver fatigue. This problem is 
regulated by e.g. the Working Time Directive [27], which 
limits the weekly working time to 48 hours, although it 
may exceptionally be increased to a maximum of 60 hpours, 
restricts the length of night work, and forces the taking of 
rest breaks. The Regulation [28] on the driving times and 
rest periods (EC 561/2006) introduces rules on the length of 
driving, breaks and rest periods for professional drivers in 
both domestic and international transport. The legislation 
also covers the use of recording devices (tachographs) by 
virtue of EEC Regulation 3821/85 amended in 1998, on 
recording devices used in road transport [29]. In turn, 
Directive 2006/22/EC sets out the minimum levels of 
enforcement required to ensure compliance with the rules 
set out in the Regulation on driving and resting times, as 
well as the use of tachographs [30].

Compliance with the legal regulations should prevent the 
accumulation of fatigue associated with the extension of 
working time, shortening the breaks between subsequent 
drives, and deprivation of sleep [10].

OBJECTIVE

The aim of the study was to analyze some aspects of fatigue 
in Polish professional drivers, the symptoms of fatigue 
reported by drivers, their frequency and number, critical 
hours, and fatigue management in relation to such variables 
as job seniority, mode of transport, and covered distance 
were analyzed.

MATERIALS AND METHOD

The research was conducted among 398 Polish professional 
drivers involved in various modes of transport (heavy-load 
truck transport, light commercial vehicles and passenger 
transport). The study was carried out in 2018 by an online 
survey conducted for eight days on the social network sites 
of Union of Professional Drivers, Polish Professional Drivers 
on the Route, Passenger Bus Drivers, and Professional Truck 
Drivers.

The study was based on an anonymous survey conducted 
using an author-constructed questionnaire. The questionnaire 
contained 18 questions with a choice of one or more answers 
providing information on fatigue in professional drivers 
involved in various modes of transport. The questions 
were focused on, e.g. the fatigue symptoms indicated by 
professionals drivers, frequency of occurrence of fatigue 
symptoms and the perception of ‘critical hours’. In addition, 
the survey concerned prevention of this phenomenon during 
transport work and methods for management of driver fatigue, 
as well as respondents’ particulars concerning the covered 
distance by driver, and the demographic characteristics of 

professional drivers (gender, age, education, time of driving 
license and job seniority). The survey was created in an 
electronic form.

The collected material was analyzed using software 
Statistica ver. 13.1 (Dell Inc.). Basic descriptive statistics were 
used – numerical and percentage summaries of individual 
variables. The mean analysis was carried out using the 
ANOVA with post hoc. Analysis of qualitative variables was 
carried out using the χ2 test. The level of significance α = 0.05 
checked whether an indicated fatigue symptom depended on 
job seniority (Tab. 5), mode of transport (Tab. 7), distance 
covered (Tab. 9). If p < 0.05, then the symptom depends on 
the job seniority, mode of transport, distance covered.

RESULTS

Table 1 shows the information about the study group. 
Women accounted for 9% of the respondents, professional 
drivers aged 18–25 years constituted 35%, 26–40 year-olds 
represented 53%, and the group of drivers aged 41 and older 
accounted for 12%.

20% of the respondents had held a driving license for less 
than 5 years, 39% from 5–10 years, and 41% over 10 years. 
52% of the respondents had been working as a professional 
driver for less than 5 years, 31% from 5–10 years, and 17% 
over 10 years. In terms of the mode of transport, 47% of the 
drivers (56% of women, 46% of men) were involved in heavy-
load truck transport, 43% (19% of women, 45% of men) drove 
light commercial vehicles (LCV), and 10% (25% of women, 
9% of men) worked in passenger transport.

Table 1. Characteristics of the study group

Characteristics N %

Gender

F 36 9

M 362 91

Total 398 100

Age (years)

18–25 139 35

26–40 212 53

41+ 47 12

Time of driving license (years)

< 5 79 20

5–10 155 39

>11 164 41

Education

Higher education 70 18

Secondary education 296 74

Primary education 32 8

Job seniority as professional drivers

< 5 206 52

5–10 125 31

>11 67 17

Model of transport

heavy-loaded truck 186 47

LCV 171 43

passenger 41 10

Among the surveyed drivers, 89% declared that they felt 
tired at work. Eight hours was the median of driving hours 
after which the surveyed drivers most often experienced 
fatigue. The number of driving hours specified by the 
respondents varied and ranged from 1–24; 5% of the drivers 
did not indicate a specific number.
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Table 2 presents the responses to question about the 
frequency of experiencing fatigue according to job seniority. 
The largest group of drivers experiencing fatigue every day 
were those who had been working for less than 5 years (51%). 
The largest group among drivers experiencing fatigue once a 
week comprised respondents working for 5–10 years (49%). 
The analysis allows the conclusion that the feeling of fatigue 
is rarely independent of job seniority and ranges from 15% – 
16% in the individual groups. Analysis of the data (χ2 = 7.3; 
p = 0.026) revealed that experiencing the feeling of fatigue 
every day depended on job seniority (Tab. 2).

Table 2. Frequency of fatigue symptoms according to job seniority

Job seniority

Frequency of fatigue

Every day
N = 178

Every day
%

One a week
N = 157

One a week
%

Rarely
N = 63

Rarely
%

less than  
5 years

105 51 67 33 34 16

from  
5–10 years

45 36 61 49 19 15

over 10 years 28 42 29 43 10 15

The most common fatigue symptoms declared by the 
respondents included drowsiness (76% of the respondents), 
eye strain (67%), lack of concentration (45%), and lack of 
energy (44%). The professional drivers also reported physical 
weariness (38% of the respondents), lumbar pain (30%), a 
need to lie down (27%), irritability (22%), slow thinking 
(19%), headache (12%), stiffness of shoulders (9%), slackened 
attention (7%), arm and leg tremor, and nausea.

Only 10% of professional drivers chose 0 or 1 symptom 
of fatigue. Table 3 presents the number of symptoms of 
fatigue (from 0 to 13) selected by drivers from the different 
seniority groups.

Table 3. Number of fatigue symptoms indicated by professional drivers 
with job seniority

Number 
of fatigue 
symptoms

Job seniority

less than 
5 years
N = 206

less than 
5 years

%

from 5– 
10 years
N = 125

from 5– 
10 years

%

over  
10 years
N = 67

over  
10 years

%

0 0 0 0 0 1 1

1 18 9 6 5 13 19

2 28 14 8 6 10 15

3 36 17 34 27 13 19

4 47 23 35 28 12 18

5 31 15 16 13 8 12

6 20 10 11 9 5 7

7 11 5 7 6 2 3

8 9 4 3 2 2 3

9 5 2 4 3 0 0

10 0 0 0 0 0 0

11 1 0 0 0 0 0

12 0 0 1 1 0 0

13 0 0 0 0 1 1

The average number of fatigue symptoms indicated by the 
drivers from the different job seniority groups was compared 
(Tab. 4).

Table 4. Average number of fatigue symptoms from the different job 
seniority groups

Job seniority Mean
Standard 
deviation

Mean
Standard 
deviation

less than 5 years
N = 206

4.13 2.02

4.06 2.03
from 5–10 years
N = 125

4.25 1.90

over 10 years
N = 67

3.48 2.22

Figure 1 shows an interaction graph. The graph presents 
the means and confidence intervals. Based on the graph, it 
can be concluded that one of the means differs significantly 
from the others as the confidence intervals do not overlap. 
Drivers with the longest job seniority indicated the lowest 
number of symptoms.

Figure 1. Mean number of fatigue symptoms indicated by professional drivers 
with job seniority: A – less than 5 years, B – from 5–10 years, C – more than 10 years

Analysis of variance (ANOVA) showed significant 
differences in the mean number of fatigue symptoms reported 
by professional drivers working for less than 5 years, from 
5–10 years, and over 10 years (p = 0.033, i.e. p < 0.05).

Two homogeneous groups were obtained from the Scheffé 
test. The first group includes drivers with job seniority for 
over 10 years and less than 5 years. The second group includes 
drivers working less than 5 years and from 5–10 years. The 
same result was obtained in the Bonferroni test. One group 
was obtained from the Tukey test. The same homogeneous 
groups were obtained from LSD, Newman-Keuls and Duncan 
tests. The first group included drivers with job seniority 
less than 5 years and from 5–10 years. The second group 
included drivers with job seniority over 10 years. Analysis 
of the graph containing confidence intervals for the average 
(Fig. 1) confirmed the division into 2 groups. Dunnett’s test 
showed significant differences between the average number 
of fatigue symptoms reported by drivers working for over 10 
years and the remaining averages.

Based on the analysis, it can be concluded that the 
average number of fatigue symptoms reported by drivers 
with job  seniority over 10 years differs significantly. 
A  similar  number of fatigue symptoms are indicated by 
drivers with job seniority shorter than 5 years and from 
5–10 years.
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Table 5 presents fatigue symptoms indicated by professional 
drivers with different lengths of job seniority. As demonstrated 
by the χ2 test, the occurrence of such fatigue symptoms as 
drowsiness, lack of concentration, irritability, and eye strain 
depends on job seniority (p < 0.05). Professional drivers with 
the longest seniority constitute the lowest percentage of 
respondents that experience these symptoms.

Table 5. Fatigue symptoms vs. job seniority

Fatigue 
symptom

Job seniority

p level *
less 

than 5 
years

N = 206

less 
than 5 
years

%

from 5 
to 10 
years

N = 125

from 5 
to 10 
years

%

over  
10 

years
N = 67

over  
10 

years
%

Drowsiness 167 81 96 77 39 58 0.001

Lack of 
concentration 103 50 55 44 20 30 0.015

Headache 24 12 16 13 6 9 0.728

Physical 
weariness 77 37 49 39 25 37 0.940

Nausea 13 6 2 2 2 3 0.103

Slackened 
attention 11 5 9 7 4 6 0.788

Lack of energy 92 45 58 46 26 39 0.591

Irritability 43 21 35 28 8 12 0.034

Eye strain 139 67 92 74 35 52 0.011

Stiffness of 
shoulders 17 8 11 9 7 10 0.860

Lumbar pain 52 25 44 35 21 31 0.145

Arm and leg 
tremor 8 4 11 9 3 4 0.152

Slow thinking 42 20 22 18 10 15 0.572

Need to lie 
down 55 27 28 22 24 36 0.135

Other 5 2 3 2 3 4 0.644

* p values p < 0.05 were considered statistically significant.

Table 6 shows comparison of the average number of fatigue 
symptoms indicated by drivers involved in the different 
modes of transport.

Table 6. Average number of fatigue symptoms indicated by drivers 
involved in the different modes of transport

Modes of transport Mean Standard 
deviation Mean Standard 

deviation

heavy-load truck transport
N = 186 4.06 2.19

4.06 2.03light commercial vehicle transport
N = 171 4.13 1.94

passenger transport
N = 41 3.73 1.61

Figure 2 (interaction graph) presents the means and 
confidence intervals. Based on the graph, it can be concluded 
that the means do not differ significantly from each other.

As revealed by the analysis of variance (ANOVA), the average 
numbers of fatigue symptoms indicated by professional 
drivers involved in the different modes of transport do not 
differ significantly (p = 0.53, i.e. p > 0.05). Table 7 presents 
fatigue symptoms reported by the professional drivers 
working in the different modes of transport. The χ2 test 
indicated that the occurrence of such fatigue symptoms as 
lack of concentration, physical weariness, nausea, slackened 
attention, lack of energy, irritability, eye strain, stiffness of 

shoulders, lumbar pain, arm and leg tremor, slow thinking, 
and a need to lie down, did not depend on the mode of 
transport (p > 0.05). The lowest percentage of professional 
drivers who experienced drowsiness was represented by 
workers of passenger transport. The lowest percentage of 
occurrence of headaches was reported by the group of LCV 
drivers. The heavy-load truck drivers reported the smallest 
percentage of occurrence of other symptoms.

The mean number of fatigue symptoms indicated by 
drivers covering various distances was compared (Tab. 8). 
The analysis involved a group of 393 drivers, as the other 
5 respondents did not provide relevant data. The drivers 
represented the following groups based on the distance 
range: up to 749  km/week – 4% of the respondents, 
750–1,499  km/week – 8%, 1,500–2,249  km/week – 12%, 
2,250–2,999 km/week – 17%, 3,000–3,749 km/week – 24%, 
3,750–4,499 km/week – 11%, 4,500–5,249 km/week – 13%, 
5,250–5,999 km/week – 2%, and at least 6,000 km/week – 
9%. The median of the distance covered at work per week 
was 3,000 km.

Figure 3 (interaction graph) presents the means and 
confidence intervals and indicates that the mean numbers 
of symptoms do not differ significantly.

Figure 2. Mean number of fatigue symptoms indicated by professional drivers 
transporting goods in heavy-load trucks: (1), goods in light commercial vehicles 
(2), and passengers (3)
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Figure 3. Mean number of fatigue symptoms indicated by professional drivers 
covering different distances per week: up to 749 km (A); 750–1,499 km (B); 1,500–
2,249 km (C); 2250–2999 km (D); 3,000–3,749 km (E); 3,750–4,499 km (F); 4,500–
5,249 km (G); 5,250–5,999 km (H); at least 6,000 km (I)
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As demonstrated by the analysis of variance (ANOVA), 
the mean numbers of fatigue symptoms indicated by the 
professional drivers covering different distances did not 
differ significantly (p = 0.29, i.e. p > 0.05). Table 9 presents 
symptoms indicated by the professional drivers in groups 
covering various distances. The χ2 test demonstrated that 
the development of headaches was related to the distances 
covered by the respondents (p < 0.05). The largest percentage 
of professional drivers suffering from headaches was 
represented by drivers covering the shortest distances (up 
to 750 km/week).

While driving, 81% of the respondents were affected by 
‘critical hours’. This depended on the time spent behind 

the wheel according to 32% of the respondents, time of 
day – indicated by 62%, and other factors – declared by 
6%. The other factors included the weather, stress, frame of 
mind, and the possibility of sufficient rest and sleep before 
driving. As shown by the respondents, ‘critical hours’ are 
usually experienced at night (68% of respondents), during 
the last hours of driving (19%), and during the first hours 
of driving (5%). The answer ‘other’ was indicated by 8% of 
the drivers.  ‘Critical hours’ were experienced by 80% of 
respondents working less than 5 years, 85% of the group 
working from 5–10 years, and 76% of drivers with over 10-
year seniority. As demonstrated by the analysis, experiencing 
‘critical hours’ did not depend on job seniority (χ2 = 2.3; p 
= 0.32).

As indicated by 98% of the respondents, driver fatigue is 
associated with road conditions. 85% of the surveyed drivers 
believed that the monotony of driving increases fatigue. As 
suggested by 77% of the respondents, express roads enhance 
the monotony of driving.

Analysis of the perception of ‘critical hours’ in relation to 
distances covered by the surveyed drivers showed a significant 
difference between the average distances covered per week 
by drivers who experience ‘critical hours’, and those who do 
not report this problem. The latter drivers cover a distance 
of ~ 2,520 km/week and the former respondents drove for 
~ 3,654 km/week (U Mann-Whitney test p = 0.00004 and 
Wald-Wolfowitz test p = 0.0000003).

Professional drivers most often coped with fatigue by 
drinking coffee or energy drinks, eating snacks, and taking 
a break for a nap or a walk (Fig. 4).

Table 7. Fatigue symptoms reported by professional drivers vs. mode of transport

Fatigue symptom

Mode of transport

P level *heavy-loaded truck 
transport
N = 186

heavy-load truck 
transport

%

light commercial 
vehicle transport

N = 171

light commercial 
vehicle transport

%

passenger  
transport

N = 41

passenger  
transport

%

Drowsiness 146 78 132 77 24 59 0.022

Lack of concentration 83 45 81 47 14 34 0.310

Headache 22 12 14 8 10 24 0.014

Physical weariness 65 35 68 40 18 44 0.456

Nausea 8 4 7 4 2 5 0.975

Slackened attention 14 8 8 5 4 10 0.375

Lack of energy 82 44 82 48 12 29 0.096

Irritability 35 19 41 24 10 24 0.447

Eye strain 122 66 116 68 29 71 0.787

Stiffness of shoulders 19 10 12 7 4 10 0.551

Lumbar pain 55 30 52 30 10 24 0.747

Arm and leg tremor 11 6 10 6 1 2 0.658

Slow thinking 34 18 31 18 9 22 0.843

Need to lie down 58 31 43 25 6 15 0.076

Other 1 1 9 6 1 2 0.024

* p values p < 0.05 were considered statistically significant

Table 8. Mean number of fatigue symptoms indicated by drivers covering 
various distances

Distance [km/week] Mean Standard deviation Mean Standard deviation

up to 749 
N = 17

3.65 1.32

4.08 2.03

750 – 1,499 
N = 31

4.13 1.54

1,500 – 2,249 
N = 47

3.64 2.02

2,250 – 2,999 
N = 65

4.02 2.02

3,000 – 3,749 
N = 93

4.17 2.27

3,750 – 4,499 
N = 42

4.67 2.42

4,500 – 5,249 
N = 53

3.74 1.57

5,250 – 5,999 
N = 6

4.33 0.52

from 6,000 
N = 39

4.44 2.17
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DISCUSSION

Driver fatigue is the cause of 1–3% of road 
accidents, and even 20–30% on major roads and motorways 
[31, 32]. Fatigue affects mental alertness, causing drowsiness 
which slows down reaction time, reduces consciousness and 
weakens judgment, thereby reducing the individual’s ability 
to drive safely and increasing the risk of human error, which 
can lead to injuries and fatalities [16, 24, 32, 33].

In relation to the most frequently reported symptoms of 
fatigue by the tested drivers, similar results were reported by 
Lasota and Hankiewicz, who surveyed truck drivers and van 

drivers in courier companies. The respondents most often 
complained of drowsiness, yawning, eye strain, and a need 
to lie down [14, 15]. In the analysis, the occurrence of fatigue 
symptoms reported by the drivers did not depend on the 
mode of transport. Research conducted by Jackson et  al. 
showed that drowsy drivers took longer to react, were less 
attentive to their environment, and had impaired decision-
making skills [19].

The method for reducing the number of accidents associated 
with fatigue is to avoid driving by those that have not slept 
and rested sufficiently. Insufficient hours of sleep predict 
truck drivers’ fatigue while driving [16, 17]. Drivers who slept 

Figure 4. Frequency of different methods for management of driver fatigue

Table 9. Fatigue symptoms reported by professional drivers in relation to the different distances covered

Fatigue symptom

Distance [km/week]

p level *up to 749
N=17

750–1,499
N=31

,500–2,249
N=47

2,250–2,999
N=65

3,000–3,749
N=93

3,750–4,499
N=42

4,500–5,249
N=53

5,250–5,999
N=6

from 6,000
N=39

Drowsiness 11 (65%) 19 (61%) 33 (70%) 54 (83%) 70 (75%) 37 (88%) 37 (70%) 5 (83%) 33 (85%) 0.087

Lack of concentration 5 (29%) 16 (52%) 22 (47%) 31 (48%) 42 (45%) 16 (38%) 26 (49%) 2 (33%) 17 (44%) 0.858

Headache 7 (41%) 4 (13%) 8 (17%) 8 (12%) 7 (8%) 4 (10%) 1 (2%) 0 (0%) 7 (18%) 0.002

Physical weariness 6 (35%) 12 (39%) 18 (38%) 23 (35%) 31 (33%) 22 (52%) 20 (38%) 2 (33%) 17 (44%) 0.723

Nausea 1 (6%) 0 (0%) 0 (0%) 2 (3%) 6 (6%) 3 (7%) 0 (0%) 0 (0%) 5 (13%) 0.056

Slackened attention 1 (6%) 2 (6%) 1 (2%) 5 (8%) 8 (9%) 3 (7%) 1 (2%) 0 (0%) 3 (8%) 0.770

Lack of energy 6 (35%) 14 (45%) 17 (36%) 29 (45%) 38 (41%) 19 (45%) 29 (55%) 2 (33%) 20 (51%) 0.682

Irritability 2 (12%) 7 (23%) 8 (17%) 13 (20%) 18 (19%) 13 (31%) 12 (23%) 3 (50%) 10 (26%) 0.505

Eye strain 11 (65%) 19 (61%) 30 (64%) 42 (65%) 62 (67%) 29 (69%) 35 (66%) 5 (83%) 30 (77%) 0.904

Stiffness of shoulders 2 (12%) 5 (16%) 3 (6%) 4 (6%) 11 (12%) 5 (12%) 1 (2%) 1 (17%) 3 (8%) 0.403

Lumbar pain 6 (35%) 9 (29%) 12 (26%) 22 (34%) 27 (29%) 16 (38%) 13 (25%) 2 (33%) 10 (26%) 0.888

Arm and leg tremor 0 (0%) 1 (3%) 0 (0%) 4 (6%) 7 (8%) 2 (5%) 4 (8%) 2 (33%) 2 (5%) 0.082

Slow thinking 2 (12%) 8 (26%) 6 (13%) 8 (12%) 25 (27%) 10 (24%) 7 (13%) 1 (17%) 7 (18%) 0.248

Need to lie down 2 (12%) 11 (35%) 11 (23%) 16 (25%) 34 (37%) 15 (36%) 10 (19%) 1 (17%) 7 (18%) 0.105

Other 0 (0%) 1 (3%) 2 (4%) 0 (0%) 2 (2%) 2 (5%) 2 (4%) 0 (0%) 2 (5%) 0.797

* p values p < 0.05 were considered statistically significant.
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less during the last sleep stage over the last 24 hours, and who 
experienced segmented sleep, were found to be more likely 
to be involved in fatigue-related accidents. As reported by 
Hanowski et al. (2007), drivers who had less sleep than usual 
before driving were at greater risk of accidents, failure, or 
conflicts associated with failure [34].

According to the majority of the surveyed drivers, their 
fatigue is affected by road conditions. The monotony of 
driving and the highway affect increasing driver fatigue. 
Research Larue shows that during a monotonous driving 
task, two dimensions of monotony, namely the road design 
monotony and roadside variability, can lead to a rapid 
decrement of the alertness of the driver [18].

As shown in the current study, professional drivers usually 
cope with fatigue by, e.g. drinking coffee and energy drinks, 
eating snacks, or taking a break for a nap or a walk.

Professional drivers in the research conducted by Kupiec 
[35] as a way of coping with fatigue most often indicated 
stimulants (coffee, energy drinks, cigarettes), sleep and other 
ways (e.g. loud music, cold air, opening the window), and 
much less frequently for activity, snacks and napping. In 
contrast, in researches by Gershon et al., the most common 
way of dealing with fatigue by groups of professional and 
non-professional drivers was listening to the radio [36].

Research by Friswell and Williamson showed that the most 
commonly used strategies for light commercial drivers were 
those that could be employed while driving, such as music, 
ventilation, eating while driving and caffeine-containing 
drinks. Heavy load drivers, on the other hand, were most 
likely to use stopping to nap or rest in addition to the on-
road strategies of music, ventilation and caffeine drinks [37].

Findings by Ünal et al. suggest that when engaged with 
monotonous driving tasks, listening to music might be a 
good strategy to counter boredom and to satisfy the need 
for arousal [38]. Other preventive measures characterised 
by some effectiveness in the temporary suppression of 
drowsiness indicated by the respondents include a short nap. 
This is associated with the reduction of subjective sleepiness, 
better performance of tasks, and suppression of slow eye 
movements. Effective napping may well reduce the number 
of motor vehicle accidents related to fatigue [39].

The most frequently used countermeasures reported 
by truck drivers were stopping the vehicle and exercising, 
opening the windows, and washing the face. In terms of the 
perceived effectiveness, truck drivers reported that taking a 
short nap, stopping the vehicle and exercising, and washing 
the face were the most effective countermeasures. Taxi drivers 
perceived stopping the vehicle and exercising, opening the 
window, and taking a short nap to be the most effective 
methods [17].

Listening to the radio and opening the window were the 
most frequently used and also perceived as highly effective 
coping behaviours by non-professional and professional 
drivers alike. Professional drivers counteract fatigue also at 
the strategic/planning level of driving, and use a much larger 
repertoire of coping-behaviours – planning rest stops ahead, 
stopping for a short nap and drinking coffee [36].

Caffeinated substances can significantly protect against 
accident risk for the long distance commercial driver and 
has important implications for the improvement of fatigue 
management. Sharwood showed that drivers who consumed 
caffeinated substances for this purpose had a 63% reduced 
likelihood of an accident [40]. However, it turns out that 

drinking coffee after a meal can be unfavorable, especially 
if the meal was greasy [41].

Driving time also had a significant effect on the subjective 
fatigue and driving performance measures among the three 
groups. A certain amount of rest time can eliminate the 
negative effects of fatigue. The results of this study show that 
both the driving time and the rest time have significant effects 
on driving performance and driver recovery [21].

An important factor affecting the driver’s ability to focus 
throughout the journey is the air quality in the vehicle’s 
cabin [42], and in Makowiec’s opinion, climate conditions 
can modify the drivers fatigue [20].

Research by Ucińska et  al. additionally indicates a 
relationship between the feeling of fatigue and the personality 
and temperament traits of the driver [43].

In a study of Meng at al., professional drivers manage 
their own fatigue with methods that have little effect on 
actually counteracting fatigue. Future education should 
make efforts to publicize the effectiveness of different fatigue 
countermeasures and encourage drivers to stop and take a 
nap when they feel fatigue [17].

In addition, in research conducted by Cardoso et al., it was 
found that muscle fatigue was more pronounced in a standard 
industry chair. Maintaining the right posture can be the 
key to delaying fatigue during a long-term driving task. The 
new ergonomic chair can be a solution that increases road 
safety and reduces the number of vehicle accidents related 
to fatigue [44].

Currently, various technologies have been developed to 
prevent accidents caused by drowsy drivers; for example, 
detection technologies use in-vehicle devices to sense changes 
in the driver that indicate sleepiness, such as excessive eyelid 
closure and head-nodding, the use of rumble strips (shoulder 
or cenrtre line), in-vehicle lane departure warning systems, 
and collision avoidance systems [45].

CONCLUSIONS

Analysis of some aspects of fatigue experienced by Polish 
professional drivers demonstrated that the everyday 
recurrence of the phenomenon depends on their job seniority. 
Every day fatigue was reported least often by drivers with 
the longest seniority. In addition, drivers with the longest 
seniority indicated the least number of fatigue symptoms. 
Drivers with the longest seniority were the least likely to 
develop such symptoms as drowsiness, lack of concentration, 
irritability, or eye strain.

In turn, the mean number of fatigue symptoms affecting 
drivers involved in different modes of transport and covering 
different distances did not differ significantly.

However, there was a significant difference in the perception 
of ‘critical hours’ by drivers covering different distances. The 
distance was found to be associated with the occurrence of 
headaches, i.e. a symptom that was most frequently indicated 
by drivers covering the shortest distances (up to 750 km/
week). It was found that the perception of ‘critical hours’ did 
not depend on job seniority.
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