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Abstract Man is the most unreliable and at the same time the least understood element in the driver-vehicle-environment
system. Many of the factors affecting the driver have been identified in detail. Taking into account the social and mental
changes in societies, however, it turns out that what once could be considered harmful, today thanks to new solutions is
acceptable. At the same time, due to the dynamics of technological development, new solutions continue to emerge, which,
in a situation of improper use, may carry new, hitherto unrecognized dangers in traffic. Therefore, tests related to the deter-
mination of factors determining driver behavior are still described in the literature. They are made for different nations, ages
and genders of drivers. This article reviews the basic selected factors affecting driver behavior. These factors can directly
affect the risk of a traffic collision or accident. While driving, a driver is exposed to a number of stimuli that cause him to

become distracted.
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1. Introduction

Road accidents and collisions are a constant problem in
road safety. According to data [1], in 2021 in Poland there
were 22,816 road accidents occurring on public roads, in res-
idential zones or in traffic zones. As many as 20,623 of them
were caused by the driver. This represents as much as 90.4%
of the total. As a result of road accidents caused by the driv-
er's fault, 1,909 people died (85% of the total fatalities). In
accidents, 26,415 people were injured (including 8,276 seri-
ously injured), of which 24,307 were victims of accidents
caused by the driver's fault. This is as much as 92% of the
total. In 2021, 422,627 traffic collisions were reported to po-
lice units. These data illustrate the unreliability of the human-
vehicle-environment system. It is the behavior of the various
groups of road users that most influences the occurrence of
traffic accidents [1]. Since, as the statistics indicate, the driv-
er's actions can determine the occurrence of traffic accidents,
various studies have been undertaken for many years to qual-
itatively and quantitatively determine the influence of vari-
ous factors having on the driver.

While driving, the driver is affected by various types of
stimuli. Naturally occurring signals in the environment, the
effect of which is negligible over short distances, can, over
time, negatively affect the driver and his behavior. The life
and health of traffic participants depend on the driver's reac-
tion in various traffic situations. A fairly large number of dif-
ferent factors reach the driver while driving. However, the

number of stimuli received and analyzed by drivers is limited.
The distraction that occurs under the influence of the stimuli
affecting the driver can result in, among other things, in-
creased reaction time, its omission or incorrect assessment of
danger. In the research and analysis discussed in the paper
[2], it was estimated that driver distraction can cause up to
11% of traffic incidents. A report by the National Highway
Traffic Safety Administration (NHTSA) [3] estimated the
contribution at up to 78% of accidents and 65% of "near
misses." Driver distraction is one of the most common causes
of traffic accidents, and a distracted driver has a two to nine
times greater risk of being involved in an accident [4].

Internal factors that can compound a driver's distraction
include his or her fatigue, alcohol consumption or the use of
a narcotic or psychotropic drug, and the driver's health,
among others. Given the multitude of vehicle equipment with
various driver assistance or multimedia systems, in-vehicle
factors such as using a cell phone or other electronic devices,
listening to music, chatting with fellow passengers, etc. are
also significant. Distracting circumstances beyond the driv-
er's control include: constant personal characteristics,
changes in the driver's mental state, driving time, biometeor-
ological conditions, noise, involuntary distraction of concen-
tration by elements of the road environment, such as adver-
tisements along the road travelled by the driver [5].

Thus, undertaking work in this area is still widespread,
as it can indicate how to eliminate hazards, which can signif-
icantly increase the level of safety on the roads.
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2. Factors affecting driver distraction

2.1. Fatigue

Fatigue is a state of reduced mental alertness that leads
to impaired performance on many cognitive and psychomo-
tor tasks performed, negatively affecting safe driving [6]. A
fatigued driver is slower to respond to stimuli. This can be
crucial in an emergency situation when an immediate re-
sponse is required. In the case of fatigue, a driver may notice
a hazard present on the road much later. The American Au-
tomobile Association reported that as many as 7% of all ac-
cidents and as many as 21% of fatal accidents are caused by
fatigued drivers [7]. The process of falling asleep in a vehicle
is gradual. It is influenced by monotonous driving conditions
and the environmental factors present [8]. The driving pro-
cess taking into account fatigue can be analyzed using ques-
tionnaires or reaction tests on simple test benches or visual
tests [9,10].According to the article [11], the first problem to
be analyzed in the case of driver fatigue is how to accurately
and early detect drowsiness.

2.2. Alcohol

Driving under the influence of alcohol or drugs affects
the driver's risk-taking behavior and manual dexterity. Alco-
hol worsens divided attention, increases perceptual errors,
impairs eye-hand coordination, reduces mental performance,
increases reaction time and interferes with behavioral behav-
iors [12]. In 2021, road users in Poland (drivers, pedestrians,
passengers) under the influence of alcohol were involved in
2,488 road accidents (10.9% of the total number of accidents),
331 people died in them (14.7% of the total number of
deaths), and 2,805 people were injured (10.6% of the total
number of injuries). Compared to last year, this is 52 fewer
accidents (-2.0%), with an increase in the number of people
killed by 4 (+1.2%) and people injured by 82 (+3.0%) [1].
Drivers under the influence of alcohol may drive in a brash
manner, and the correctness of their maneuvers may also be
affected Drunk drivers are seven times more likely to cause
a fatal accident than sober drivers. Drivers who exceed the
blood alcohol limit of 0.10 are at least 13 times more likely
to cause fatal accidents [13,14]. A study on the simultane-
ous effects of alcohol and fatigue was described in a publica-
tion [15]. The study involved 71 young drunk drivers who
were divided into three groups: rested, tired and very tired.
The very tired group was significantly slower to respond than
the other two groups. Drunk driving research is being carried
out in many research settings, and is an important social
problem [16,17,18].

2.3. Intoxicating substances

In addition to alcohol, there are also factors such as var-
ious types of intoxicating substances. Numerous simulator
studies have shown the negative impact of drivers' use of nar-
cotics, amphetamines and related compounds Many drivers
under the influence of alcohol are simultaneously under the
influence of various drug mixtures [19]. This poses an

additional danger in traffic. In addition to drivers who have
intentionally taken drugs, equally dangerous are those who
have used legal drugs without reading the warnings on the
packaging. According to various studies, up to 50% of driv-
ers are unaware of the limitations of drug use [20]. Drivers
under the influence of these compounds may drive bravado,
tend to disobey traffic laws, greatly exceed the speed limit,
fail to stop at red lights, etc. [21]. A tendency to improperly
signal traffic maneuvers has also been observed. High doses
of amphetamine and its derivatives combined with alcohol
significantly increased the risk of drivers engaging in behav-
iors that pose a potential risk of road accidents [22,23,24,25].

2.4. Mobile devices

The constant use of device-type devices (e.g.
smartphone, smartwatch) by users while driving a vehicle is
becoming an increasingly frequent and common phenome-
non. These devices require momentary engagement of the
driver's attention. In addition to the standard use of the phone
to receive and make calls or write and receive messages, it
has also become popular to use social media or take videos
or photos from behind the wheel [26]. Using navigation in-
stalled on a smartphone is also popular [27]. It should be
noted that most of the actions taken by drivers towards oper-
ating such devices most often require engaging his attention
which can have negative consequences in relation to his re-
action time in case of an emergency on the road. Even a sim-
ple reading of a notification displayed on the screen of a
smartphone or smartwatch, despite the fact that it does not
require taking one's hands off the wheel, requires momentary
engagement of the driver's attention [28]. A study discussed
in the article [29] showed that using cell phones while driving
is one of the leading causes of traffic accidents. In response
to this problem, many countries around the world have intro-
duced regulations banning the use of cell phones while driv-
ing [30]. Studies performed using simulators to test the ef-
fects of mobile devices on driving behavior have shown that
phone calls and sending and receiving text messages while
driving cause a significant decrease in speed and distance
[31,32,33,34]. At the same time, drivers' ability to recognize
signals deteriorated in these situations and their reaction time
increased [29,35,36,37]. According to a study [38], among
drivers who used cell phones up to 10 minutes before an ac-
cident, the risk of an accident was more than 4 times higher.
A study by [39] analyzed the impact of using a smartwatch
and smartphone to initiate calls. The study was conducted in
a driving simulator on a group of 36 participants. It was
found that call-in methods based on voice commands were
better than basic eye-hand calling [39].

2.5. Multimedia systems and controls

In-vehicle technologies such as infotainment, telemat-
ics systems, as well as so-called nomadic systems (including
cell phones, portable ADAS systems), which are available in
an increasing number of vehicles, allow the driver to obtain
various types of information while driving. Obtaining this
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information is most often associated with the driver under-
taking activities that engage his or her attention. Both the in-
formation mentioned and the activities performed are very
often not necessary or even related to driving, so they are a
kind of distraction [2]. An increasing number of vehicles are
equipped with built-in multimedia systems, through which
various vehicle functions, including navigation, can be con-
trolled using a touchscreen [40].

2.6. Noise in the cabin and listening to music

A study conducted on a group of young drivers by [41]
using a vehicle simulator illustrates the impact of various fac-
tors on young drivers. The aforementioned studies were con-
ducted under varying conditions such as driving in silence,
driving while talking loudly next to the driver, driving while
talking to the driver, while listening to quiet, monotone mu-
sic, and driving while listening to loud, rhythmic music. Af-
ter the tests, it was found that drivers are most focused and
pay attention to the traffic situation while driving in silence.
The value of the driver's reaction during the conducted stud-
ies was most influenced by the driver's conversation on the
cell phone [41]. The purpose of the research conducted and
analyzed by [39,42], was to examine the influence of musical
characteristics (i.e., the presence of text and volume) in the
context of simulated urban driving. The potential distracting
effects of song lyrics processing were investigated by con-
ducting trials on young drivers while playing the same musi-
cal tracks with and without lyrics. To optimize their emo-
tional state while driving in the city, drivers should consider
using soft, non-lyrical music. The findings show that listen-
ing to familiar music (such as classic hits on a radio station)
did not cause significant decreases in simulated driving per-
formance. Studies indicate that drivers have a preference for
the style and rhythm of music, resulting in positive or no
driver reception of the music [43,44,45].

2.7. Advertisements

Occurring along roads, advertisements of various kinds
are designed to attract attention. The entity responsible for
placing the advertisement strives to ensure that its content
reaches the widest possible audience. To this end, it uses a
number of procedures to catch the eye of the potential ad-
dressee. It uses, among other things, a large advertising area,
the dynamics of the presented content, and high contrasts and
luminosity [42,51]. Advertisements are placed in high-traffic
areas, often directly in the driver's line of sight [42,46,51]For
the driver, such acts can adversely affect driving depending
on the degree to which the driver's attention is engaged with
a particular advertisement. The location of an advertising
medium near the road can have negative consequences for
traffic safety [46,47,51]. An advertisement that catches the
driver's eye can pose a real danger. It often happens that a
driver fascinated by the advertising content for a given mo-
ment takes his or her eyes off the roadway for an extended
period of time. Sometimes after seeing an ad, the driver be-
gins a thought process about the content presented, which in
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turn engages his attention. Such a process can negatively af-
fect when and how he performs defensive maneuvers. The
properties of the human mind make it easy to change the ob-
ject of interest. The authors of the report [47] proved during
a specially designed experiment that the human eye can be
attracted by other stimuli, even though the test subject/driver
had no intention of looking away from the task at hand.
Roadside billboards distracting the driver's attention not only
increase his reaction time. They can also cause misjudgment
of the traffic situation [48]. For commercial reasons, adver-
tisements near the road will become more and more numer-
ous year after year, hence legal measures are often taken in
many countries to limit their occurrence. This can be seen
especially from the example of highly developed countries.
Analyzing the available studies, it can be concluded that the
proximity of advertising near road infrastructure always ad-
versely affects the driver's attention. This can be concluded,
among other things, on the basis of statistical studies carried
out on highway sections where advertisements first occurred,
were later removed, and were eventually reinstalled [49]. The
impact of the content of advertisements was also studied in
[50]. In this experiment, the emotions occurring in drivers
caused by the ads were analyzed. A car simulator and traffic
images were used for the study. In the end, there was a strong
correlation of the influence of visual stimuli loaded with neg-
ative emotion, among other things, the time and manner of
reaction to traffic lights at the nearest intersection. According
to [51, 52], a threatening sign can be an advertisement with a
lot of content, as well as one that strongly engages attention,
cognitive resources, and arouses emotions that affect infor-
mation processing. Located near the road, signs with variable
content, also have to transmit relevant to safety[53].

2.8. Eating meals while driving

According to [54], the driver of a motor vehicle who is
transporting a person is prohibited from smoking or eating
while driving. This regulation does not apply to the driver of
a truck who is transporting a person in the driver's cab, as
well as to the driver of a passenger car except for a taxicab.
In a study [55], 186 participants were matched to determine
the adverse effects of eating while driving behavior com-
pared to texting and distraction-free behavior. The study was
conducted on a driving simulator. The results showed that
both texting and eating meals resulted in impaired driving
ability, compared to the control group. Among other things,
the test subjects missed more STOP signs than the control
group while eating a meal. Eating while driving introduces
many additional distractions. Manual activities, such as en-
gaging attention to unscrew the cap from a bottle or unwrap
a sandwich, are of great importance. Eating behaviors also
involve engaging additional cognitive complexes to
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effectively manipulate food/drinks to avoid spills, for exam-
ple [56].

2.9. Smoking

Smoking cigarettes while driving engages the driver's
attention. The study [57] focused on assessing the risk of dis-
traction associated with the habit of smoking cigarettes while
driving. During the experiment, the subjects' reactions were
recorded. Ten smokers were tested while driving. The aver-
age measured distraction was about 12 seconds. During this
time, the drivers were able to cover a distance of 150 meters
at a speed of 50 km/h. These results were compared with data
on drivers' deconcentration through the use of cell phones. In
this case, the deconcentration time was 10.6 seconds. This
means that cigarette smoking poses a real threat to traffic
safety [57] In addition to the above-mentioned distractions,
the driver's attention is also affected by elements such as
fixed personal characteristics, changes in the driver's mental
state, driving time, biometeorological conditions or noise [4].
Fixed personal characteristics determine a person's predispo-
sition, regulating the expected reactions that person will per-
form in a given situation. Individual personality traits influ-
ence how a factor will affect driving. A driver's individual
characteristics also affect his or her susceptibility to stress. A
study [58] found that there are no universal stressors. In the
case of drivers with a category B license who drive amateur,
it was found that other drivers and other road users were the
main sources of stress. Vulnerability and reactions to stress-
ful situations depend on the individual characteristics of the
driver. Driving time or biometeorological conditions affect
a driver's decision-making. A different degree of driver at-
tention involvement will occur when conditions are favora-
ble, and another when there will be poor road conditions (e.g.,
rain, snowfall). For example, it has been noted that in fog,
drivers usually try not to take their eyes off the roadway due
to the fear of a sudden obstacle. Drivers then rely primarily
on their own senses [59,60].

5. Conclusions

With the development of technology, there are more
and more factors that engage the driver's attention. The driver
is exposed to all kinds of stimuli that distract his attention.
The occurrence of some of them is not dependent on the
driver (for example, road advertisements can arbitrarily at-
tract the gaze). A driver while distracted can pose a real dan-
ger to road users. Seemingly common devices or messages
can become the cause of a collision or accident. The driver
should be reasonably focused on the situation around the ve-
hicle. Co-passengers should remember not to engage the
driver's attention excessively, and not to encourage them to
focus their attention on things that can have a negative effect
on the traffic situation. Analyzing the available publications,
it can be concluded that driver distraction is a factor of great
importance in traffic safety. With the development of tech-
nology, studies conducted with the help of vehicle simulators

are very important. They make it possible to create condi-
tions appropriate to the situations under study and to intro-
duce additional factors under laboratory conditions. The pre-
sent work is a prelude to further survey research to determine
situations and factors affecting driver behavior.
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