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Abstract: Drivers’ response time means that drivers act after a judgment is made when an emergency
action signal is needed. Drivers have different feelings while driving, and the response time to
sudden situations differs. The main purpose of this study was to verify whether the mean reaction
time of professional drivers is at the level of one second, which is the value usually used for practical
purposes, and to verify the impact of age on the reaction times of drivers. Two different studies with
a total of 120 participants—professional drivers—were conducted on the simulator, with 116 drivers
participating in the first experiment and four drivers participating in the second experiment using
eye-tracking technology. The determination of the mean reaction time was realized using statistical
tests. The evaluation of the impact of age on the reaction time of professional drivers was carried
out using statistical testing, a regression model, and clustering. The results of this study can be
immediately used in practice for professional drivers, as the mean reaction time is usually used as
a benchmark in several calculations in transport, for forensic and educational purposes, and for
planning traffic and modelling different traffic situations.
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1. Introduction

There is a growing trend in the number of registered motor vehicles in the territory
of the Slovak Republic. Despite this, there is a constant effort to reduce the number of
accidents, especially accidents resulting in death or serious injury [1].

Awareness of a driver is an extremely important factor that needs to be continuously
monitored. A drowsy driver can cause several mishaps and accidents on highways, leading
to loss of money, physical injuries, and, most importantly, loss of human life [2].

Further, increased reaction times of the drivers mean longer decision-making processes
and can result in a collision or a traffic accident. The value of the average reaction time is
very important in practice, as it is used as a benchmark in several calculations in transport,
for example, in accident reports when forensic experts remodel the course of a traffic
accident. Analyses of the samples revealed that the young and middle-aged have the
shortest perception time. Studies published so far have found that age affects drivers’
reaction times, with older drivers generally responding more slowly [3–6]. In ref. [7], the
authors investigated drivers’ stress reaction time. In addition, some studies have found
that the average reaction time of the drivers is 1 s [8,9]. In this case, even a difference of
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one percentage point in the reaction time can mean a large increase in the probability of
an accident. For example, if a driver falls asleep for just four seconds while traveling at
a speed of 100 kilometres per hour, the car will have traveled 111 m without a driver in
control. A crash is likely to pose a high risk of death or severe injury at high speeds [10].
This means that it is necessary to assume the right level of the drivers’ reaction time so
that, for example, the vehicle can be constructed to ensure the highest possible safety for
road users or for developing new autonomous systems in the vehicle. This value should
also be used for educational purposes to explain the safety distance between the vehicles.
Moreover, the theoretical level of the reaction time should be used in practice for planning
the traffic and placing variable traffic signs or modeling different traffic situations.

Therefore, the main aim of this study was to verify whether the mean reaction time of
professional drivers is at the level of one second and also to compare the reaction times
of professional drivers in different age categories. Section 1 of this study explores various
research conducted to investigate drivers’ reaction time and compare results. Section 2 also
presents issues related to the determination of the drivers’ reaction time. Section 3 briefly
introduces the study participants and presents the theoretical background of the evaluation
and the methods applied in the study. We also provide necessary information on the user
data and simulator. Sections 4 and 5 present the results of the study, obtained using the
statistical methods, and discusses the strengths and weaknesses of the realized analyses
and outlines the possibility of the further direction of the analysis. Section 6 provides a
brief overview of the results of the study and practical interpretation and usability of the
results. According to the best of our knowledge on the state of the art, the studies realized
so far have not been focused on professional drivers, but instead focused on all types of
drivers, regardless of their driving experience or profession; we can consider the study
carried out in this article to be relatively innovative from this point of view, as it used a
specific sample.

2. Literature Review

Based on statistical data published by the Ministry of the Interior of the Slovak Repub-
lic in 2020, the most frequent cause of traffic accidents in which a person was killed was
a violation of the driver’s duty. Compared with the previous year, the number of deaths
due to driver violations decreased by 14 to 54. The most common reasons were failure to
drive fully and non-monitoring of the road situation (43 people killed), failure to yield to
pedestrians who entered the road and passes through a pedestrian crossing (five killed),
and driving if the driver’s ability to drive is reduced, especially by accident, illness, nausea,
or fatigue (three killed). It is worth noting that the drivers’ reaction time is one of the basic
parameters that has a very strong influence on the result in the analysis of the accident
because modern transport systems include a large number of vehicles [11,12].

In general, driver response time means that when an emergency action signal is
needed, the driver cannot act immediately because of one’s own functional limitation. It is
only after a judgment is made that the driver thinks of the necessity of taking corresponding
actions and starts taking related actions [13]. Vehicle drivers have different feelings while
driving, and the response time to sudden situations differs [14].

From the perspective of traffic engineering, other scientists have focused on the drivers’
reaction time [15]. The authors elaborated a “study on drivers’ perception-reaction times
against different types of traffic signals”. This publication delivered the differences in
drivers’ response times reflected by different types of signals and their causes. For example,
in ref. [7], the authors dealt with an analysis of drivers’ stress reaction time. This study
showed that the best-fitting relationship between drivers’ reaction perception time and
vehicle speed met an exponential distribution.

Similarly, the research of reaction time is described in ref. [16], where the characteriza-
tion of the drivers’ perception reaction time was shown. The authors in this publication
described the impact of driver gender, driver age, roadway grade, mean approach speed,
platooning scenarios (leading, following, or alone), and time-to-intersection on the drivers’
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perception–reaction time. When establishing the model, the driver’s reaction time varies
according to different influencing factors [17]. These research studies show that the reaction
speed to emergency situations is significantly reduced with age; in terms of emergency
response capacity and the ability to cope with the complex external environment, female
drivers are worse than male drivers and experienced drivers have faster reactions in emer-
gency situations [18–20]. The most common distractions are talking to the passengers,
controlling the behavior of transported children, animals, use of a mobile phone, and
operation of devices in the car like air conditioning, radio, and navigation devices. On the
other side, tiredness, stress, alcohol, drugs, malaise, or sickness can significantly increase
the response time and lead to an accident, as well [21]. The authors dealt with the very
problem of “test methods and reaction time of drivers” [16].

In ref. [22], the authors measured decision time in the laboratory by recording the dif-
ference in reaction time between four groups of subjects (zero-accident, zero-violation; high-
accident, zero-violations; zero-accident, high-violations; high accident, high-violations). In
ref. [8], the reaction time obtained ranged from 0.47 to 2.20 s. The overall mean time was
0.71 s, with a standard deviation of 0.16 s. The 85th percentile value was approximately
0.9 s. Another driving simulator study was performed to come up with a set of reaction
times. The corresponding response times ranged from 0.32 s to 1.64 s. The 33rd, 50th, and
67th percentile values were selected from this distribution for simulation purposes. These
three values were 0.52, 0.82, and 1.10 s, respectively [9].

In a simulator experiment, the author of ref. [23] found that accident-free drivers
perceived danger more rapidly than drivers with a history of accident involvement. The
analysis of the results of another research showed no relation between the period of
possession of a driving license and the total reaction time parameter [21].

Previous research conducted in a driving simulator showed that participants in the
middle-aged group had significantly longer reaction times to stimuli presented at the
side of the road than did young participants. In addition, middle-aged participants had
significantly higher reaction times to roadside stimuli than to stimuli in the middle of
the road [24]. By comparing the average response times of individual age groups, the
authors in ref. [4] determined that the differences were statistically significant. The average
response time measured in the research was 0.965 s (0.932 for males and 1.002 s for females).
The oldest groups achieved 12.3% worse results than the youngest on average. Age
differences showed a complexity effect. However, differences between other age groups
start increasing by the age of 40 [5]. It can be determined from this analyzed research that
age will affect response time when thinking is required during driving. It can be seen
from the previous research that the elderly group has a longer average response time than
the middle-aged and young groups. It can be affirmed that thinking about other matters
during driving has a greater impact on the response time of older drivers than younger
ones [3]. Authors determined differences (13% and 20%) between 20 and 60-year-olds in
their study of the simple reaction time [6,25]. A review of the evidence indicates that the
slowing of behavior with age not only appears in motor responses and sensory processes
but becomes more obvious with the increasing complexity of behavior. For this reason,
the expression “slowness of behavior with age” is preferred to the more limited phrase
“changes in reaction time with age” [6].

3. Methodology and Data
3.1. Participants of the Study

For the purpose of this study, two different studies with a total of 120 participants—
professional drivers—were conducted on the simulator. Four drivers participated in the
second experiment using eye-tracking technology. In our first study conducted on the
simulator, 116 drivers participated, where we determined the reaction times of drivers
aged 23 to 69 years. Not only active, professional drivers with a valid driver qualification
card who have at least five years of experience in driving a truck or bus were involved in
the study, but also first-time participants of qualification training courses were involved in
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the study with a minimum of two years of experience. According to regulation (EC) No
561/2006, it is obligatory for every driver working as a professional driver in road transport
to have a qualification card and participate in a requalification course every five years.
During this course in the training facility, each driver took a testing ride on the available
simulator, what was part of their educational training. The youngest driver involved in the
research was 23 years old, and the oldest driver was 69 years old. The average age of the
drivers was 43.5 years (standard deviation 10.5 years); all volunteers were in good physical
and mental condition without diseases that could negatively affect the correct course and
implementation of the measurement. Table 1 lists the numbers of participants of the study,
divided into three categories, according to their age.

Table 1. Number of participants according to their age.

Age Group Number of
Participants Percentile The Average Age in

the Group

young: 23–30 years 16 13.8 25.5

middle: 31–50 years 69 59.5 41.3

older: 50 and older 31 26.7 54.3

Total 116 100 43.5
Source: own collaboration.

3.2. Study Design

The cabin of this simulator was created as a structural model of a Renault truck type
(it was not made up of a real truck cabin). The authors did not have any option to select
the simulator used in this study. The training facility was equipped only with one type of
simulator. The interior equipment of the simulator cabin copies the real cabin in terms of
the layout of the controls and indicators. The engine servo, gear lever, pedals, handbrake,
and steering wheel position adjustment provide the steering wheel features equipped
with compressed air power simulations corresponding to the actual vehicle. The image
is projected in front of the driver on a system of three large-screen projection screens and
at the same time into rear-view views placed in the space of the projection screen. The
simulator shown on the right side of Figure 1 is equipped with a teacher’s desk, which is
used to control the system, and a panel for starting the electrical and other circuits of the
simulator, and on left side of Figure 1 is a view of the simulator from above. At the same
time, it is possible to run individual training lessons from the teacher’s desk. The computer
image generator is located next to the driver’s seat and generates images of both front
and rear views of the monitors about the landscape projected in front of the driver. The
driver can watch the traffic behind the vehicle and perform, among other things, reversing
training, as well.
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All volunteers were familiarized with the simulator beforehand, and a trial braking
was performed before the actual experiment. At the beginning of the measurement, before
measuring the reaction time of the drivers, each driver was informed about the controls of
the simulator and then drove the training environment for about five minutes to determine
the correct operation of the pedals, steering wheel, clutch, and overall operation of the
simulator. Pressure on the acceleration pedal started the computer program; afterwards, the
dashboard displayed the rising velocity. The program showed various obstacles (animals,
tractors, trees, etc.). The volunteer reacted by braking, which meant simultaneously using
the brake and the clutch. The measurement stopped when the brake and clutch were
used. We measured the simple reaction time, as there was only one stimulus and only one
possible reaction, i.e., braking. When the driver responded by pressing the brake pedal,
driver reaction time was displayed at the top left part of the screen, as shown in Figure 2.
Ten consecutive measurements were performed on everyone. The first response time and
the best response times were considered the result response time. The first response time
came after an animal ran into the driver’s path. The program then projected another nine
obstacles at different times at random speeds. The best response time for each driver
was selected.
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Figure 2. Simulator with an obstacle on the screen. Source: own collaboration.

The last part of study design explains how different obstacles appeared on the screen
before driver reaction was needed. After drivers were acquainted with the simulator and
all its elements, the risk environment was launched. Drivers always started from the
same beginning point and their first task was to increase the speed to 50 km/h. They
were informed about various obstacles crossing, falling onto, or entering the road before
they started the journey. When they observed an obstacle on the screen, their immediate
response should follow by pressing the brake pedal. It is necessary to clearly indicate that
the obstacle may appear in the image gradually and not suddenly. As is shown in Figure 3,
the obstacle could be a tree falling down at the right side part of the screen but a similar
situation was also happening at the left side. Naturally, with increasing the speed of the
vehicle, driver response time to observe the obstacle appeared on the screen was shorter. If
the driver’s response was too slow, then a crash with the obstacle resulted.
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3.3. SMI Eye-Tracking 2 
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On the other side, a different obstacle like a wild boar could appear at the right side
of the screen but a similar situation could also happen at the left side side of the screen,
where, e.g., a wild boar could be crossing the road from the left to the right, as is shown in
Figure 4.
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Lastly in the study design, we note that only 10 consecutive driver responses were
recorded because, then, the obstacles and the way they were displayed began to repeat.
Unfortunately, only the drivers’ first response times and the best response times were
shared with the authors by the training facility.

3.3. SMI Eye-Tracking 2

Eye-tracking is based on obtaining data on eye movement or eye pupils. These data
were obtained by the eye tracker, which consists of two main components: a light source
that emits infrared radiation and is aimed at the eye, and a camera that then captures
infrared light reflections, including pupil movements. This device must be connected to a
computer or other device that stores the scanned data [26].

Our study used SMI Eye Tracking 2 Wireless, eye-tracking glasses from SMI Senso
Motoric Instruments, presented on the right side of Figure 5, and on left side of the
image is a view of driver using eye-tracking glasses presented. These glasses record a
person’s natural behavior in real-time on a computer. The sampling frequency for eye
movement is up to 120 Hz, and the viewing range is 80 degrees horizontally and 60 degrees
vertically. In addition to recording images at a resolution of 1280 × 960 pixels at 24 fps
or 960 × 780 pixels at 30 fps, the glasses also use an integrated microphone that picks up
ambient sound. After using the Behavioural and Gaze Analysis software, the output data
of the scan can be in the form of video or images.
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3.4. Methodology of the Study

Regarding the review of the literature and the analyzed publications [17–21], the
authors are aware of the fact that there are many factors that influence the reaction of
drivers. Unfortunately, the authors were provided with information by training facility
only on the age and reaction of the driver. Based on the data provided, it was only possible
to assess the effect of age on the driver’s response and to find out the average response of
all drivers involved. Data collected from the participants were analyzed using statistical
methods. The main aim of the study was to verify whether the average reaction time of
drivers is at the level of one second, which is the value used in the literature review or
in practice for forensic purposes to evaluate the course of the traffic accidents and also
to compare the reaction times of drivers in different age categories. To verify the first
mentioned assumption, in this study, we focused on the descriptive characteristics of
the reaction time of the drivers in our sample, but we also used statistical hypotheses
testing. The null hypothesis in the one-sample t-test was that the mean value of the
reaction time of the professional drivers is at the level of one second, with the one-sided
alternative hypothesis that it is significantly higher than one second. We chose this one-
sided alternative because if this study showed that the reaction time of the professional
drivers was significantly higher than the value of one second used so far, we would consider
it necessary to change this generally set level due to an increase of reaction times that can
lead to longer decision-making processes and can increase the risk of being involved in a
collision or a traffic accident. As the t-test has normality of the sample as the assumption of
correct usage of the test, this fact was verified by the Kolmogorov–Smirnov normality test
and graphical analysis using histogram and normal Q-Q plots [27].

The second aim of the study was to verify the findings resulting from previous studies
on significant changes in drivers’ reaction times depending on their age or even on the
increasing reaction time with the increasing age of the driver. In this case, we used correla-
tion and regression analysis to verify the existence and strength of the linear relationship
between age and reaction time of the driver, as well as cluster analysis. In the cluster
analysis, we used Ward’s method to create clusters of the drivers based on their reaction
time, and then we examined the age of the drivers thus included in the common cluster and
compared the ages of the drivers in different clusters. We used hierarchical cluster analysis
with the gradual merging of drivers into clusters, from the initial solution, where each
driver is in a separate cluster, to the final solution, where they are all in one common cluster.
From the hierarchical solution, we chose a step with three or four clusters, which is the best
from a practical, application, and interpretation point of view. Then, the comparison of
mean ages of drivers in the clusters was realized using analysis of variance (ANOVA) with
the null hypothesis of insignificant differences between the ages. For the correctness of
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ANOVA usage, the assumptions of normality and homogeneity of variances were verified
by the normality tests and graphical analysis and the Levene test of homoscedasticity [28].

All the statistical procedures were realized at the significance level of 0.05 and were
processed using the IBM SPSS Statistics 26 software. The results of the hypothesis testing
were evaluated using the p-values of the tests, whereas the p-value lower than the signifi-
cance level 0.05 led to the rejection of the null hypothesis, and higher p-values led to the
non-rejection of the null hypothesis.

4. Results

First, we focused on the results of the analysis of the average reaction time of the
drivers. Table 2 shows the descriptive statistics of the drivers’ ages and reaction times.

Table 2. Descriptive characteristics of the variables used in the study.

Characteristic\Variable Age (Years) Reaction Time (Seconds)

Mean 43.45 1.10

95% Confidence
Interval for Mean

Lower Bound 41.53 1.06

Upper Bound 45.37 1.14

Median 44.00 1.06

Variance 109.14 0.04

Std. Deviation 10.45 0.20

Minimum 23 0.66

Maximum 69 1.73

Range 46 1.07

Interquartile Range 15 0.25

Skewness 0.17 0.51

Kurtosis –0.50 0.31
Source: own collaboration.

Because the 1-s level is usually used in practice, we tested this value on a sample of
drivers involved in this study to determine whether it is suitable for Slovak drivers to use
this value of the reaction time. For this purpose, we used statistical testing; concretely, we
used the one-sample t-test.

To verify the assumptions of using the t-test, we first examined whether the sample
(variable reaction time) originated from the sample with normal distribution. The results of
the normality test are shown in Table 3. Due to the sample size, we used the results of the
Kolmogorov–Smirnov test, as the Shapiro–Wilk test is usually considered sensitive even to
small deviations from normality in the case of larger samples (more than 50 cases).

Table 3. Normality tests of the reaction time.

Reaction time

Kolmogorov–Smirnov a Shapiro–Wilk

Statistic df Sig. Statistic df Sig.

0.084 116 0.144 0.981 116 0.105
Source: own collaboration. a Lilliefors Significance Correction.

According to the test result, we do not reject the null hypothesis of the normality
(p-value = 0.144, which is > 0.05). Moreover, the normality was also examined using the
histogram with the theoretical Gaussian bell curve (graph on the left side of Figure 6) and
normal Q-Q plot (graph on the right side of Figure 6). Both of these graphs are shown in
Figure 6.



Mathematics 2022, 10, 1489 9 of 16

Mathematics 2022, 10, x FOR PEER REVIEW 9 of 18 
 

 

Table 3. Normality tests of the reaction time. 

Reaction time 
Kolmogorov–Smirnov a Shapiro–Wilk 

Statistic df Sig. Statistic df Sig. 
0.084 116 0.144 0.981 116 0.105 

Source: own collaboration. a. Lilliefors Significance Correction 

According to the test result, we do not reject the null hypothesis of the normality (p-
value = 0.144, which is > 0.05). Moreover, the normality was also examined using the his-
togram with the theoretical Gaussian bell curve (graph on the left side of Figure 6) and 
normal Q-Q plot (graph on the right side of Figure 6). Both of these graphs are shown in 
Figure 6. 

 
Figure 6. Graphical analysis of the normality. Source: own collaboration. 

All these results signified that the reaction time of the drivers can be considered a 
random sample from a normal probability distribution. 

The result of the t-test of the equality of the mean value of the reaction time with the 
theoretical constant at the level of one second led to rejection of the null hypothesis and 
showed a significant difference in the mean reaction time of the Slovak drivers and these 
theoretical constants (t-statistic = 5.256; p-value < 0.05). Therefore, it can be said that the 
reaction time is significantly higher than this theoretical level used so far. For practical use 
of this result, it is very important to determine the right value of the average reaction time 
of the drivers. This value is used in forensic purposes when forensic experts remodel the 
course of a traffic accident, in practical purposes when planning the traffic, or in educa-
tional purposes where safety distance spacing between vehicles is explained. Therefore, 
we subsequently performed another t-test with a constant value of 1.1 s. This test resulted 
in non-rejection of the null hypothesis (t-statistic = −0.041; p-value = 0.967) and therefore 
showed that the mean reaction time of the drivers could be considered equal to this level. 
This result has practical benefits in forensic purposes, educational purposes, planning and 
placing variable traffic signs, modeling different traffic situations, and developing new 
autonomous systems in the vehicle.  

The second part of the analysis was focused on verifying the age impact of the drivers 
on their reaction time. The correlation coefficient did not prove the existence of a signifi-
cant linear dependence of these variables (Pearson correlation r = 0.18; p-value = 0.053). 
Additionally, the regression analysis showed the insignificancy of the driver’s age impact 
on his reaction time. The results of the regression analysis are in Table 4. 

  

Figure 6. Graphical analysis of the normality. Source: own collaboration.

All these results signified that the reaction time of the drivers can be considered a
random sample from a normal probability distribution.

The result of the t-test of the equality of the mean value of the reaction time with
the theoretical constant at the level of one second led to rejection of the null hypothesis
and showed a significant difference in the mean reaction time of the Slovak drivers and
these theoretical constants (t-statistic = 5.256; p-value < 0.05). Therefore, it can be said
that the reaction time is significantly higher than this theoretical level used so far. For
practical use of this result, it is very important to determine the right value of the average
reaction time of the drivers. This value is used in forensic purposes when forensic experts
remodel the course of a traffic accident, in practical purposes when planning the traffic,
or in educational purposes where safety distance spacing between vehicles is explained.
Therefore, we subsequently performed another t-test with a constant value of 1.1 s. This
test resulted in non-rejection of the null hypothesis (t-statistic = −0.041; p-value = 0.967)
and therefore showed that the mean reaction time of the drivers could be considered
equal to this level. This result has practical benefits in forensic purposes, educational
purposes, planning and placing variable traffic signs, modeling different traffic situations,
and developing new autonomous systems in the vehicle.

The second part of the analysis was focused on verifying the age impact of the drivers
on their reaction time. The correlation coefficient did not prove the existence of a signif-
icant linear dependence of these variables (Pearson correlation r = 0.18; p-value = 0.053).
Additionally, the regression analysis showed the insignificancy of the driver’s age impact
on his reaction time. The results of the regression analysis are in Table 4.

Table 4. Regression model of reaction time.

Coefficient p-Value t Sig.

(Constant) 0.947 0.080 11.823 <0.05

age 0.004 0.002 1.953 0.053
Source: own collaboration.

Additionally, the characteristics of the model were quite weak. This model was
insignificant (ANOVA p-value = 0.053) and only 3.2% of variability of dependent variable
reaction time was explained by this model (R-square = 0.032; adjusted R-square = 0.024).
Thus, we do not consider age a variable significantly explaining the reaction time of the
drivers. This fact is also evident in Figure 7, where no trend of dependence between these
two variables is apparent. The reaction time of the drivers is very likely influenced by other
factors, but not by the driver’s age, or, at most, very weakly.
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In addition, we applied cluster analysis to form groups of drivers that have a similar
reaction time. We used Ward’s clustering method and the square Euclidean distance
between cases. The result is visualized in a dendrogram showing the hierarchical clustering
of drivers (Figure A1 in Appendix A). We chose a step with four clusters of drivers created
based on their reaction time from the created solutions. The choice of three or five clusters
would yield very similar results in further analysis of the drivers’ age in these clusters.
Subsequently, based on the affiliation of each driver to the cluster, we compared the ages of
drivers in the clusters. We assumed that if the reaction time of the driver changes, or even
increases, with increasing age, then drivers with similar reaction times in one cluster would
have approximately the same age. Conversely, drivers assigned to different clusters due to
their different reaction times should differ in age. Figure 8 shows the ages of the drivers in
the individual clusters, where a slight increase in age among the clusters is visible.
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Mean reaction times and ages of the drivers in the created clusters are shown in Table 5.
Consequently, we compared the ages of the drivers in the created clusters using the

ANOVA test. To verify the assumptions of this method, we applied the Shapiro–Wilk test
and the Kolmogorov–Smirnov test of normality (according to the number of drivers in
the clusters) in combination with graphical analysis of normality and also Levene’s test of
homoscedasticity. This validation resulted into the fulfilment of the normality assumption
(normality tests p-values > 0.05; Levene p-values > 0.05). Then, however, the comparison of
the mean ages of the drivers in the created four clusters did not show significant differences
(p-value = 0.443). The results are shown in Table 6.

This result follows that it is not possible in general to claim that, among the professional
drivers in Slovakia, there exists a significant impact of their age on their reaction time.
Although there were slight differences in their ages in the graphical representation of the
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age of the study participants included in the four different clusters based on their reaction
time, these did not prove to be statistically significant and systematic.

Table 5. Reaction times and ages of the drivers in the created clusters.

Cluster Number of Drivers Mean Reaction Time
(Std. Deviation) Mean Age

1 20 0.8235
(0.0770) 40.65

2 39 1.3912
(0.1231) 42.79

3 31 1.0062
(0.0321) 44.58

4 26 1.1494
(0.0488) 45.23

Source: own collaboration.

Table 6. ANOVA test for equality of mean ages.

Age Sum of Squares df Mean Square F Sig.

Between Groups 295.617 3 98.539 0.901 0.443

Within Groups 12255.073 112 109.420

Total 12550.690 115
Source: own collaboration.

In contrast to our first study, we realized one more study that we consider to be more
accurate due to the use of eye-tracking glasses, as shown in Figure 9, where the left part
of the image shows a view from the driver’s perspective and the right side of the image
shows the driver himself. This analysis resulted in recognition of the time, i.e., observing
an obstacle and time of the decision to break.
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Two drivers with a group “C” driving license and two drivers with a group “B” license
took part in the measurement. All four candidates were 25 years old. The total driving time
of one driver was 10 to 15 min, depending on the driving speed in a risky environment.
The risk environment and obstacles shown were randomly generated by the computer, as
was already mentioned in the methodology part for the first study. The risk environment
for four drivers in the second study was the same as it was for 116 drivers in the first
study. Obstacles that appeared while driving were a tractor entering the road, wild animals
running across the road (image on the right side of Figure 10), or falling trees on the road
(image on the left side of Figure 10), as shown in Figure 10.
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Using eye-tracking glasses, we were not only able to determine the drivers’ reaction
time in total as in the previous measurements, but were also able to divide this time into
the obstacle observation time and the brake pedal depression time. Based on these data,
we can say how long it takes the driver to react to a certain type of obstacle since it detects
the obstacle, not since the obstacle appears on the screen. We decided to consider only the
first 15 crisis responses for each driver because then the obstacles and the way they were
displayed began to repeat. Table 7 presents an average of the drivers’ observation time and
brake pedal reaction time.

Table 7. Eye-tracking evaluation of drivers’ reaction times.

Driver 1 Driver 2 Driver 3 Driver 4

Observation Time 43.31 53.25 45.37 57.87

Brake Pedal Time 38.12 33.81 34.18 47.33

Total 81.43 87.06 79.55 105.2
Source: own collaboration.

If we compare the results of the drivers in the first measurement with the second
measurement, we find that the results of the second measurement using eye-tracking
glasses are more accurate than the data given in the literature review. In addition to those
mentioned, the measurement showed opposite results on the driver reaction time. In
comparison with results of the first measurements where reaction time was evaluated on
1.1 s, these results suggest that the reaction time of drivers is less than one second, which
matches more with the literature review. However, it should be taken into account that
these measurements were obtained for only four participants in the pilot study. Another
important point to emphasize is that the first study involved only professional drivers,
while the second study also involved holders of a classic car driving license. Without
obtaining more data from the measurement using eye-tracking glasses, the results of this
pilot study cannot be considered authoritative.

To summarize, in these studies, we found the insignificant impact of age on the drivers’
reaction time and also on the reaction time compared with the literature review (1.1 s
compared with 1 s). We cannot apply these results to another group of drivers because our
test group consisted of only professional drivers.

5. Discussion

Analyses performed in this study showed that, in Slovakia, it generally cannot be
claimed that there is a significant impact of the ages of professional drivers on their reaction
time. On the other hand, the presented results do not exclude the possibility that age has an
impact on ordinary drivers who drive from time to time. This research focused only on the
professional drivers who work in road freight transport and whose daily main work task is
driving. In the literature review and also in the general scientific society, all the experiments
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were conducted with not only one specific driver group. The results obtained in this study
are different from the evaluations carried out abroad. As we already mentioned, some
authors have so far addressed the issue of the influence of the driver’s age on their reaction
time. In ref. [18], the authors showed in their that the reaction speed to the emergency
situation was significantly reduced with age, which is at odds with our results from the
reactions of professional drivers. Previous research conducted in a driving simulator in
ref. [24] also showed that participants in the middle-aged group had significantly longer
reaction times than did young participants. In ref. [3], the authors showed that the elderly
group had a longer average response time than the middle-aged and young groups. In
ref. [4], the authors showed that the oldest groups achieved 12.3% worse results than
the youngest on average. The differences between 20 and 60-year-olds (13% and 20%)
were also determined by the authors of ref. [5] in their study of the simple reaction time.
Compared to the mentioned presented studies and research, our study used bigger data
on the specific group of professional drivers, which we consider to be more accurate to
create the best possible analysis, leading to more accurate results of the evaluation of the
influence of the driver’s age on their reaction time. In this type of study, it is necessary to
specify the test group, because there are some differences in the reaction time between male
and female drivers and also between more and less experienced drivers, as mentioned
in [19,20]. In ref. [29], the authors showed that the drivers’ ages have some impacts, but,
using the NeuroCom Complex, it was traced how drivers’ reaction time depends on the
complexity of the situation the driver was exposed to. We consider obtained results to be
the starting point for comparison with other methods and future experiments performed
using eye-tracking glasses and electroencephalogram (EEG). Most authors do not consider
this method to be very accurate as it only takes into account the values of final reaction time
without considering other individual characteristics. Therefore, the results obtained by this
method tend to be further refined using more sophisticated approaches to evaluation. This
is the case, for example, with the electroencephalogram (EEG) device. In our case, however,
it turned out that we obtained different results from other second measurements using
eye-tracking glasses by evaluating reaction time with this approach. We highly recommend
combining this measurement with other measurements and methods, especially those
that use complex determination of driver reaction time defined to be information in-flow
to the cerebral cortex, detection, and recognition of a stimulus, making a right decision,
and respective reaction [29]. We consider the application of a combined method as a
possible further direction of this study. We will also try to obtain enough data for the
application of evaluation using eye-tracking glasses. In our first study, the reaction times of
116 professional drivers were evaluated, and in the second study with eye-tracking glasses,
only four drivers’ response times were evaluated, as was already mentioned before in the
paper. Even out of these four drivers, only two were drivers with a valid truck license
and two remained only holders of the classic license to drive a regular car. As a reminder,
we can realize that there are differences in results that could occur between the first and
second study and positive results of reaction time of the drivers in the second study using
eye-tracking glasses. We can see that drivers in this study responded to risky situations on
the level of less than 90 hundredths of seconds, which is a reaction time presented in the
ref. [8]. Compared with the participants in our first study, we can observe 20 hundredths of
seconds of difference between drivers in our two studies. Most likely, the differences in
reaction time are due to a different test group and as well as the small group of drivers in
the second study using eye-tracking glasses. We cannot generalize these results to another
group of drivers. It would also be possible to focus on determining the effects of driving
experience on selected segments of participants, for example, by the level of education or
region of permanent residence. In further studies, we would like to increase the number of
the participants in studies using eye-tracking glasses, and to improve first study, as well.
If we want to improve the first study, then we need to acquire new data on drivers with
regular car licenses, but we can also divide future experiments into smaller studies where
we can focus on the reaction time of the new young drivers, new older drivers, female and
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male drivers, and experienced and less-experienced drivers separately, and many more
different influencing factors like alcohol or drugs [17,21].

6. Conclusions

In this study, we focused on the verification of whether the mean reaction time of the
professional drivers is at the theoretical level of one second or is significantly different
and also on comparing the reaction times of drivers in different age categories. The study
is aimed at professional drivers who work as truck drivers in the road freight transport
companies and aims to research the impact of age on drivers’ reaction time, which has a big
impact on road accidents. The drivers’ reaction time is one of the basic parameters that have
a very strong influence on the result in the analysis of the accident. As already mentioned,
there are differences in the results obtained with results presented in the literature review
by different authors in different studies. Our results obtained in the first study of the
response time of professional drivers differed by 10 hundredths of a second as compared
with various scientific papers. The evaluation of the impact of age on drivers’ reaction time
was carried out using statistical testing, a regression model, and clustering. To summarize,
in this study, we found the insignificant impact of age on the professional drivers’ reaction
time. On the other hand, we cannot apply these results to another group of drivers, because
our test group comprised only professional drivers.

However, it is also necessary to acknowledge the weakness of this method and thus of
this study, namely the impact of the selection of individuals, where all participants were
informed and acquainted with the possibilities of obstacles and risk situations. Therefore,
in further analysis of the drivers’ reaction time measurements, we propose combining
the method of computer software evaluation with other methods, such as eye-tracking
glasses and electroencephalogram (EEG). This ensures all the necessary aspects in terms
of accuracy because of the specification of processes data and also taking into account the
effects of the driver’s awareness of crises.

The result of this study is very valuable for the preparation of future research programs
for measuring drivers’ reaction time, which will provide the desired effect. For practical use
of this result, it is very important to determine the right value of the average reaction time
of the drivers. This value is used in forensic purposes when forensic experts remodel the
course of a traffic accident, in practical purposes when planning traffic, or in educational
purposes where safety distance spacing between vehicles is explained.
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Appendix A. Dendrogram of Hierarchical Cluster Analysis of Reaction Time Below
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