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Abstract
Objectives: The article analyzes the driver’s psychophysiological qualities such as complex reaction and individual ability 
to control the vehicle that has suddenly lost its stability. The comparative analysis of the duration of reaction time was 
performed to assess the negative influence of speaking on a phone and driving with one hand. Material and Methods: The 
experimental research was carried out on special training grounds with the road surface having low adhesion coefficient, 
where sudden lateral vehicle destabilization was caused by the moving plate mounted on the road surface. The vehicle on-
board equipment was used for identifying the difference between the destabilization moment and the responsive driver’s 
steering wheel movement which in this research was assumed as the reaction time. Results: Statistical methods of research 
applied for the analysis of results showed high probability that the driver’s actions would be significantly late in controlling 
a vehicle. When stabilizing a vehicle movement, the complex reaction time of a vehicle driver speaking on a mobile phone 
is increased by 18.1% as compared with the conventional driving by a driver not speaking on a phone. Conclusions: The 
risk of using the phone depends on the driver characteristics, traits and attitudes that affect the level of their experienced 
dangers, and the intensity of using mobile phones and driving. Speaking on a phone while driving increases the driver’s 
reaction time and mental workload, and changes his or her visual overview ability as well as understanding of the situation.  
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INTRODUCTION
Some of the periods in the driver’s performance, especially 
when driving at high speeds, take place under difficult con-
ditions. The quality of driver’s actions in such cases depends 
on the speed and accuracy of counter-reactions to various 
stimuli. In response to stimuli, the driver performs a variety 
of actions: presses the brake or the accelerator pedal, turns 
the steering wheel or shifts gears. Each sensory-motor re-
action comprises hidden (latent) period of reaction – the 

time from the beginning of stimulus to the beginning of 
the response action, and the period of implementation of 
the motor action – the time from the beginning to the end 
of the responsive action. The average time of a simple hid-
den reaction to the light signal time is 0.2 s, and to the au-
dible signal – 0.14 s. The overall reaction time (the sum of 
the hidden reaction time and the responsive action time) 
varies greatly, depending on the time required to perform 
a responsive action. For example, the total sum of times of 
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effects, psychological distress [5], sleepiness [6–8] and  
driver’s disease, such as obstructive sleep apnea [9,10]. Fa-
tigue and perceived workload may also be moderated by 
personality traits [11]. The total sensory-motor driver’s re-
action time is 0.5–2 s (it may be longer), the total reaction 
time increases from 0.25 s to 0.29 s in each of the stages.
Simple sensory-motor reaction means a predictable, rapid 
reaction to an unexpected known signal (stimulus) per-
formed in one movement. The sensory-motor reaction time 
is calculated from the beginning of the signal perception to 
the beginning of the rebound. The rebound reaction time is 
calculated from the beginning till the end of the rebound. 
The total reaction time is calculated from the beginning of 
the signal perception till the end of the rebound (the sum of 
sensory-motor and rebound reaction times) [3].
Complex sensory-motor reaction means rebound to unex-
pected and simultaneous stimuli not known in advance. It 
includes situations requiring to select one of several possi-
ble actions. This reaction may take place only under certain 
psychological processes (attention, memory and thinking, 
possibly accompanied by emotion). If the driver’s attention 
is focused elsewhere and he or she does not notice the sig-
nal, his or her reaction time for decision increases [3].
The time of complex sensory-motor driver’s reaction in 
a complicated traffic situation, under fatigue, illness, posi-
tive or negative emotions, alcohol effects, as well as for 
other objective reasons increases, and may be as high 
as 3–4 s. A small decrease in the intensity of light, com-
pared with daylight, extends the sensory-motor reaction 
time by 0.6–0.7 s, and when the lighting is less than 2 lux, 
the reaction time is increased to 2–3 s. The increase in the 
reaction time may be explained by more time needed for 
the perception of the object. This must be considered in 
the assessment of safe distance and other values. With 
vehicle speeds increased up to 70–80 km/h, the sensory-
motor driver’s reaction increases by 0.1 s [2].
Sensory-motor coordination means the vehicle control, in 
order to prevent it driving off the road, and similar opera-

reaction of the light stop signal, and moving the foot from 
the accelerator pedal on the brake pedal is 0.4–0.6 s [1].
Reaction time is one of the key factors indicating the 
driver’s ability to act in an emergency situation. The time 
and correctness of decision in emergency situation, and 
the speed of implementing the driver’s actions often de-
termines whether the situation will result in a traffic ac-
cident or not. Most of the research results indicate that 
the driver’s reaction time ranges 0.4–1.5 s. Unfortunately, 
the average reaction time is not stable and constant in size, 
even for the same driver. Many factors have an impact on 
the average reaction time. Some of them may be improved 
but others depend only on individual characteristics of the 
driver’s body [2].
Reaction time usually means the duration of the occur-
rence of risk on the road, till the end of implementation 
of the actions to avoid danger. The driver’s reaction time 
comprises 2 components: sensory and motor, which means 
that the total duration consists of 2 times, which are not 
far from unambiguous. The first time is sensory, equal to 
the sum of time needed to perceive the traffic situation 
and the risks it poses (or an endangering object), and the 
time needed to make a decision on how to avoid danger. 
The second time is motor, equal to the time needed to 
carry out the vehicle control steps to ensure the realization 
of the decision made in the first step. The motor reaction 
time remains relatively stable for each driver [3,4].
Each sensory-motor reaction has 4 psychological stages: 
sensory, central and motor reaction moments, and senso-
ry-motor motion coordination (feedback). The sensor re-
action moment means the perception of signal (stimulus) 
with human sensory organs. It lasts about 0.18–0.3 s. It is 
the central reaction moment and identification and evalu-
ation of the received signal (stimulus), choice and deci-
sion making. The stage lasts 0.2–1.5 s (possibly longer). 
The driver’s reaction time increases due to anxiety, confu-
sion, or complex traffic situation. It also depends on train-
ing, qualification level, fatigue, illness, alcohol and drug 
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of the type of the phone (hand-held or hands-free). Even 
the sound of a ringing mobile phone has a negative influ-
ence on the complex reaction time [16]. However, there 
are still a lot of drivers ignoring prohibitions and using 
mobile phones while driving [17].
Usually, 4 variables are used for analyzing the effect of 
speaking on a phone on the driver’s behavior:
 – reaction to stimuli, expressed as the average reaction 

time and possible errors,
 – vehicle control (position in the driving lane, distance in 

the front, speed changes),
 – vision,
 – working load.

There is no consensus on the lateral controllability of the 
car. Haigney et al. [18] showed that the lateral control-
lability worsened using only hand-held phones rather than 
hands-free equipment. Burns et al. [19] and Alm and Nils-
son [20] did not find any effect on using the phone on the 
stability in the driving lane. According to Törnros and Bol-
ling [21], sideslips were bigger only during dialing.
A number of studies were carried out to evaluate the 
impact of telephone conversations on the mental load 
while driving. Mental load expresses the cumulative effect  
of 2 or more tasks to be carried out simultaneously. This 
effect may overload the driver’s cognitive capacity. In gen-
eral, the working load is measured with the subjective scale 
or physiological data records (heart rate variability). All the 
authors found the increase in the mental load, regardless 
of the type of a telephone used (handheld or hands-free  
system) [18,20,22–25]. The influence of conversation com-
plexity on proper driving is also significant but all types of 
conversation or texting on a phone reduce drivers’ atten-
tion to the road traffic events [15].
Several studies that examined the effect of telephone calls 
on the driver’s vision showed that the driver’s eyes jumped 
around less when looking at the object, they spent more 
time looking with the central area of the eye, and less time 
looking to the instrument panel and mirrors [23,26,27]. Re-

tions carried out by sensory-motor processes. Support of 
vehicle travel in the desired direction is carried out by sim-
ple sensory-motor coordination – the monitoring reaction. 
The quality of reaction is described by the final result, which 
requires to have sensory-motor properties such as move-
ment coordination. Nevertheless, the perception of senses 
depends on the driving experience, expertise, interests, 
abilities, and other characteristics, as well as the person’s 
psychological state (mood, fatigue, excitement, etc.) [12].  
In the modern world, driving is often aggravated by extra 
factors, like speaking on a phone. It is associated with the 
driver’s distraction. While many countries have a ban on 
using a phone (for typing, reading the text, speaking), this 
ban is often ignored. Research is often performed: with 
participants using a vehicle simulator [13]; examining the 
statistics of a phone usage during accidents; investigat-
ing the influence of personality to the inclination to use 
a phone while driving.
In this study a detail review of various pieces of research 
about the driver’s reaction time and the influencing fac-
tor of a cell phone usage is done. The experimental part 
analyzes the driver’s reaction and the ability to control the 
vehicle that has suddenly lost its stability. The compara-
tive analysis of the duration of the complex reaction was 
performed to assess the negative influence of speaking on 
a phone and driving with one hand. Statistical methods of 
the research applied for the analysis of results allowed to 
assess the impact of speaking on a phone, on the vehicle 
control and overall traffic safety.

Review of phone usage influence on drivers behavior
Starting with the last decade of the twentieth century, a big 
number of studies have been performed using a variety of 
experimental environments (driving simulators, test poly-
gons, real traffic conditions), while analyzing the effects of 
the mobile phone use on the driver’s behavior [14,15]. All 
of them found that the phone conversations behind the 
steering wheel had a negative effect on driving regardless 
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used: eye movements, notice of stimulus, reaction time, 
collisions, following the lane, speed, forward movement. 
A connection between the independent and dependent 
variables was determined. It was found that SMS read-
ing or writing negatively affected all dependent variables. 
Only writing caused a similar drop as reading and writ-
ing. Only reading resulted in a lower drop and a smaller 
number of dependent variables [38,39].
Tests were carried out with a simulator to evaluate the 
making of the decision to stop. Three different scenarios 
were used: on urban, peri-urban and highway streets. Per-
sons were driving according to the variety of scenarios: 
without calling (reference), answering the call by picking 
the phone, using hands-free equipment and a voice control 
device. The evaluated characteristics included the driver’s 
reaction time, braking acceleration, speed, and distance 
to the vehicle in the front. No significant difference was 
found for driving between the 3 phone usage scenarios. 
The use of hands-free equipment compared with a hand-
held phone does not reduce the reaction time [40]. The 
phone has a significantly greater negative effect on driving 
and the number of accidents in the city [41].

Relation between phone usage 
and risk to get into a traffic accident
The effect of a phone usage on the driver’s reaction time 
and situational awareness was analyzed based on different 
thinking levels with hands-free and hand-held phone, us-
ing a vehicle simulator and changing the mental load by 
involving the driver to conversations of diverse degree of 
complexity (informal communication, memories and film 
discussion, grammar editing and correction). Research 
subjects were divided into 3 age groups: young, medium 
and elder. The reaction to road signs, sudden emergence 
of pedestrians was observed. A significant negative impact 
was found in the perception, and in remembering the road 
signs [42]. The medium age group was affected the least, 
the young people had a little higher impact, and elder had 

carte and Nunes [28] found that engagement in 2 simulta-
neous tasks reduced the space area overlooked by drivers. 
Atlchley and Dressel [29] found that adding the speaking 
task greatly reduced the functional field of vision and the 
ability to localize peripheral information. Papadakaki et 
al. [14], according to their simulation study, approved the 
assumption that drivers adopted “virtual” safety margins 
in lateral position when driving and using a cell phone.
Strayer et al. [30] found that the mobile call modified the 
response method to the stimuli of the driving environ-
ment. Even when drivers look at objects, they do not see 
them because the phone conversation causes the “blind-
ness of attention.” The authors demonstrate that the tele-
phone conversations worsen both the explicitly expressed 
recognition memory and the hidden perception memory. 
Richard et al. [31] and McCarley et al. [32] point out the 
effects of double-tasking to the “change blindness.” These 
authors, using the image-flicker technique, showed that 
the hearing task performed simultaneously impaired the 
ability to detect changes in images of scenes.
The results of the research on the duration of fixation also 
vary. McCarley et al. [32] found the decrease in the dura-
tion of the motor eye fixation. On the contrary, Recartes 
and Nunes [28] showed that double tasking changed the 
durations of the driver’s fixation – while they were longer 
for the task of the spatial view, no change was noted for 
the speaking task. McPhee et al. [33] found that fixation 
was longer on older people under the conditions of split 
attention.
The perception of the situation was also studied. It is de-
scribed as the “human ability to recognize environmental 
elements in a given time and space, to deceive their mean-
ing, and to foresee their condition in the near future.” The 
authors showed that the driver’s perception of the situa-
tion changed the course of the conversation [34–37].
Independent variables were used for examining the ef-
fects of writing and reading messages (SMS), while driv-
ing: writing, reading or both. Dependent variables were 
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geneity (personality traits), no significant effect was found 
on accidents using hands-free equipment or a hand-held 
telephone [40].
Many experimental studies have shown deterioration in 
driving performance during telephone calls but a lot less 
of epidemiological studies have been carried out in an at-
tempt to assess whether the use of a phone while driving 
increases the risk of getting involved in a traffic accident. 
Researchers used 4 methodological approaches:
 – The retrospective cohort study to compare 2 popula-

tions of drivers, one of them using a mobile phone, and 
the second – not using, and examining whether the use 
of the phone increases the risk of involvement in a col-
lision [49–51].

 – The second method compared the driver population 
(cases) involved in accidents, with the reference driver 
population (cases) not involved in accidents, and as-
sessed whether the number of mobile phone users 
among the fatalities is higher [52].

 – The third method analyzed the population of mobile 
phone users involved in collisions, and the relation be-
tween the telephone user activities and involvement in 
traffic accidents, followed by cross-examination of the 
cases in which each subject is like his own reference 
[49,53,54].

 – The last method is used to analyze the population of 
the victims of traffic accidents, and evaluate whether 
the percentage share of the mobile phone users is dif-
ferent for various types of accidents [55,56].

These studies differ not only by the methodological tech-
niques but also by the size of the population sample (from 
hundreds to tens of thousands of people) and by the inves-
tigated collision type (fatal accidents, traffic accidents only 
causing substantial damage to property, traffic because of 
error, etc.).
These studies suggest that mobile phone users faced  
a 38% greater risk of being involved in a road accident 
than non-users. Taking into account additional interfering 

considerably bigger impact. The analysis of logistic regres-
sion showed that gender, age, unemployment, household 
income, immigrant status and risk perception were sig-
nificant factors in predicting the phone use while driving 
[43,44].
Using the phone while driving was comparable to driving 
under the influence of alcohol (0.8 ppm). Braking reac-
tion increased both when holding the phone and using the 
headset [45]. In the United States, 25% of accidents are 
caused by driver distraction. About a half of the drivers, al-
though it is prohibited, continues to use phones [43]. The 
growing trend of driver distraction is observed because 
of a variety of new smart devices. The incidence of using 
the phone for SMS reading, writing, speaking is growing 
among drivers, despite the prohibiting laws [41]. Legal 
measures to address this issue are inefficient, therefore, 
technical means would be required. There is also a need 
to improve the collection of data on accidents caused by  
a phone usage [46]. When preparing the training pro-
grams and legislation programs, it is appropriate to also 
consider various psychological factors (personal attitude, 
standards, controls, risk perception) for which drivers use 
the phone [47].
However, there is conflicting data as well. A study was 
conducted in an attempt to link the use of the phone by 
drivers, accidents and the starting moment of discounts 
for calls during the time of the day. Sevenfold increase in 
the probability of the driver to receive a call after 9 p.m. 
was noted. Compared with the reference period, it was 
found that there was no corresponding change in acci-
dents [48]. The new direction of research while using the 
selection effects, such as whether drivers using phones are 
likely to be less safe drivers, even when the phone is not 
used. It was found that the use of phones in the society was 
not constant. This result may suggest that previous stud-
ies based only on accident statistics and deriving the risk 
to the society from it had approximately one-third error. 
After adjusting the interpretation of the research by endo-
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confessed about using a mobile phone during the traffic 
accident. It has been estimated that mobile phones are 
used in 0.86% of the accidents which is 72% more than 
the expected rate, estimated by the “induced exposure” 
method.
In addition, Sagberg [56] found that the rear-end col-
lision was the most common type of accidents, caused 
when speaking on a phone, and Wilson et al. [51] showed 
that mobile phone users had a greater rate of rear-end 
collisions.
The style of traffic offenses of mobile phone users suggests 
that they are generally more risky drivers. These differenc-
es reflect lifestyles, attitudes and personality factors. It is 
important to consider these factors in assessing the direct 
risk attributed to the use of mobile phones [51].

MATERIAL AND METHODS
Experimental driving tests were performed in order to de-
termine the reaction of the driver in controlling the car, 
and evaluate the impact of speaking on a phone. The ve-
hicle destabilized when passing through the plate moving 
in the transverse direction (Photo 1), which causes the slip 
to the rear axle of the car. When the water is sprayed un-
der the special driving coating with adhesion coefficient μ, 
it is reduced to 0.2. The driver’s response was determined 
by the time difference between the moment of the plate 
activation and the beginning moment of turning the steer-
ing wheel.
Corrsys-Datron sensors from Kistel group were used for 
identifying the moments for calculation of driver’s reac-
tion. Inertia measurement unit (IMU) with triaxle accel-
erometer and gyroscope was used for detection of vehicle 
destabilization moment and Kistler RV-4 sensor was used 
for detection of steering moment. Data acquisition sys-
tems DAS-3 from Corrsys-Datron fixed measurements 
with frequency of 100 Hz. Toyota Prius with electronic 
continuously variable transmission (e-CVT) was used for 
easy vehicle control.

variables (mileage and driving habits), the adjusted relative 
risk of mobile phone users in respect of non-users to be in-
volved in at least 1 accident/year is reduced to 1.11 for men 
and 1.22 for women [50]. According to Wilson et al. [51], 
drivers, who have been found using mobile phones, cause 
16% greater risk of being involved in a traffic accident be-
cause of error than non-users, and these differences are not 
significant for men (1.10) but high for women (1.31).
Laberge-Nadeau et al. [50] pointed out the existence of 
a dose-reaction relationship between the frequency of us-
ing a mobile phone and the traffic accident risk. Intensive 
users of mobile phones have the adjusted relative risk of 
at least “two” in comparison with minimum users hav-
ing the intensity of traffic accidents similar to non-users. 
The same observation was also performed by Violanti and 
Marshal [52]. In their study, the use of a mobile phone for 
more than 50 min/month is associated with a 5.59 times 
greater risk of collisions as compared to people who do 
not use mobile phones at all.
Comparing the drivers’ telephone activity during the 
few minutes before the accident with the yesterday’s 
telephone activity, Redelmeier et al. [53] found that the 
mobile phone activity while driving accounted for the 
four-fold increase in the relative risk of collisions (4.3). 
Laberge-Nadeau et al. [49] applied the cross-case study 
approach used by Redelmeier for Quebec data. They 
showed that a mobile phone use on the day of the traffic  
accident was 55% higher than the average daily usage, with 
a relative risk increase of 5.13 times. McEvoy et al. [54]  
obtained similar results: a driver’s use of a mobile phone 
up to 10 min before the traffic accident was linked  
to 4 times (4.1) higher accident probability.
Analyzing reports of traffic accidents, Violanti [55] 
showed highly associated increased risk of a fatal collision 
with a phone use or its presence in a traffic accident: the 
risk when using a mobile phone is 9.29, while just in the 
presence of a phone is 2.11. In the Norwegian Sagberg [56] 
study, 0.66% of guilty drivers and 0.3% of innocent drivers 
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somewhat damaged. Additional information about the 
study participants is presented in the Table 1.
The horizontally moving plate destabilizing the vehicle 
may move in 4 basic modes which vary in the transverse 
plate speed and the movement speed. The plate move-
ment was compatible with the vehicle category, as trucks 
and buses may also drive on a special track. Several test 
runs were performed before the tests. Then, the optimal 
mode of plate movement and the vehicle speed, which 
must be as close as possible to 35 km/h when driving over 
the plate, were chosen.
The examination of the value distribution fields of the driver 
reaction time (Figure 2) shows a clear increase in the reac-
tion time when the vehicle is operated by holding a steering 
wheel with one hand (speaking on a mobile phone).
The Figure 2 shows that when driving with one hand and 
speaking on a phone, the quantile field of the reaction 

An example of moments’ identification from TurboLab 6.0  
software is shown in the Figure 1. Determination of the 
vehicle body sideslip angle [3] was also carried out for 
evaluation of vehicle stability and slip size.
Every driver performed test runs in 2 stages: the first, nor-
mal driving – with both hands (baseline), the second stage 
was speaking on a phone without a headset, i.e., driving 
with one hand and holding a phone to the ear (handheld). 
The drivers participating in the study were given time to 
get used to the vehicle and to the destabilizing plate.
Fifty-six non-professional drivers, who had valid medical 
examination certificates and whose working/rest routine 
corresponded to the daily routine, participated in the 
tests. These participants drove in the city on a daily basis 
and each of them spoke on the phone while driving (with-
out a headset). Around 80% of them got into a bigger or 
smaller technical accident when the vehicles were only 

4

1 2 3
5

6

1 – slip pavement; 2 – steering angle sensor; 3 – speed and sideslip angle sensor; 4 – moving plate; 5 – phone cell; 6 – body yaw rate sensor.

Photo 1. Experimental conditions in the study of a driver’s reaction time using a cell phone in the case of the vehicle stabilization task

Table 1. Characteristics of respondents in the study of a driver’s reaction time using a cell phone in the case  
of the vehicle stabilization task

Characteristics M±SD Min. Max
Driver’s age [years] 34.56±9.42 24 49
Driving experience [years] 16.44±9.45 6 31
Distance driven in a typical year [km] 14 889.00±3 951.10 9 000 20 000

M – mean; min – minimal value; max – maximal value; SD – standard deviation.
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it can be seen in the same figure, in both cases of testing, 
the minimum and maximum driver’s reaction time values  
coincide with the apexes of the quantile branches.
In the examination of those test cases, it is appropriate 
to look at the distribution fields of the values of vehicle 
speed before the test, because speed is an important pa-
rameter to maintain the test conditions as uniform as 
possible. This distribution is presented in the Figure 3.  
The figure shows that while driving with both hands, 

time, compared with driving with both hands, increases by 
about 36%. The reaction time quintile field when driving 
with both hands totals 0.14 s and driving with one hand 
(speaking on a phone) – 0.22 s. Thus, the reaction times’ 
dispersal fields when driving with one hand inevitably 
increase.
In the case of driving with one hand, the quantile branch 
range increases by 1.3 times – up to nearly 0.56 s com-
pared to 0.43 s for driving with both hands (Figure 2). As  
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1 – driver’s reaction time according to steering; 2 – period of vehicle stabilization; 3 – vehicle slip size.

Fig. 1. Characteristics of experimental procedure for estimation of driver and vehicle response: a) driver’s reaction time and vehicle 
stabilization period, b) vehicle speed and sideslip angle
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hands. The difference of median values is about 0.6%.  
The average movement speed is also lower by 0.9% when 
driving with one hand (speaking on a phone).
The quintile branch ranges in both test cases are similar, 
and total about 7 km/h but we can see that when speaking 
on a phone, there is a tendency to reduce the speed before 
the test as compared to the case when driving with both 
hands (Figure 3).
This figure shows that while driving with one hand and 
speaking on a phone, the minimum and maximum speed 
values before the test coincide with the apexes of the 
quantile branches. When driving with both hands, the said 
values are significantly distant from the quintile branch 
ranges, and the difference between the maximum and 
minimum values is about 11 km/h. This could be explained 
by the fact that when driving with one hand and speaking 
on a phone, drivers before the tests attempted to choose 
a lower driving speed, thus trying to compensate for the 
shortage of concentration of attention, and driving with 
one hand.

RESULTS
The analysis of experimental test results described above 
in this section is performed in order to determine what 
theoretical distribution law describes the reaction time val-
ues of the tested drivers, when speaking and not speaking 
on a mobile phone (driving with one hand). Once specific 
patterns are found, we can perform the likelihood of the 
delay of drivers’ actions in controlling the vehicle (whether 
speaking or not speaking on a phone) under the identified 
reaction time. Conversely, if we have the identified likeli-
hood of the delay of drivers’ actions in controlling the car, 
we can predict the likely reaction time.
Experimental tests were analyzed with the mathemati-
cal statistics computer software Statistica, which evalu-
ates the values of the mathematical average t, standard 
square deviation (σ), and the suitability of the derived 
theoretical distribution law for the analysis of experi-

the quintile field of speed values, compared with the 
case of driving with one hand (speaking on a phone), 
is higher by about 12.7%: the quintile field of values 
of speeds when driving with both hands is 2.27 km/h 
and driving with one hand (speaking on a phone) – 
1.98 km/h. By comparing the medians of speed values 
in this graph we can see that in the case of driving with 
one hand (speaking on a phone) the driving speeds are 
decreased as compared to the case of driving with both 
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Fig. 2. Drivers’ reaction time depending on using a cell phone 
in the case of the vehicle stabilization task

Explanations as in Figure 2.

Fig. 3. Vehicle movement speed before experimental tests
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It is seen that the experimental test results are distributed 
according to the pattern similar to the normal log-distri-
bution law, when the theoretical functions (smooth curve) 
mode of the differential statistical model is shifted to the 
left (Figure 4a).
The mathematical statistical model made in the other 
stage of the experimental test analysis is based on the case 
when the reaction time of the analyzed drivers is deter-
mined when they speak on a mobile phone (driving with 
one hand). The Figure 5 shows the formats of the corre-

mental data, checking with the Pearson compatibility 
criterion Chi2 [57].
First of all, the mathematical statistical model is based on 
the case of experimental studies, when the reaction time 
of the tested drivers is determined when they do not speak 
on a mobile phone (both driver’s hands are on a steering 
wheel). The Figure 4 shows the formats of the created dif-
ferential statistical model (relative frequency f(t) as a func-
tion of reaction time) and the integral statistical model (to-
tal relative frequency F(t) as a function of reaction time).
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Fig. 4. Drivers’ conditions by reaction time – experimental tests of not speaking on a mobile phone when driving: a) differential 
statistical model, b) integral statistical model

Fig. 5. Drivers’ conditions by reaction time – experimental tests when speaking on a mobile phone when driving:  
a) differential statistical model, b) integral statistical model
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and proceeded to do more and rougher errors. There-
fore, the reaction time was becoming inevitably longer  
(Figure 5a). Similarly, Figure 4a shows that when driving 
with both hands and being concentrated (not speaking on 
a phone), the dissemination of the reaction time 0.3–0.5 s 
is stable – in the range of 3 intervals its value is about 17%. 
Then, where we have the phone factor (driving with one 
hand), data distribution takes on the form of greater dis-
persion (Figure 5a).
The Figure 4a and 5a also show that based on the math-
ematical statistical models, the values of mathematical 
averages are the same as compared with those calculat-
ed according to the experimental data (i.e., 0.319 s when 
driving with both hands and about 0.371 s, when speaking 
on a phone), which reaffirms the adequacy of obtained 
models for applying them in calculating the likelihood of 
the driver’s action delays in controlling the vehicle (not 
speaking/speaking on a phone), under the fixed reaction 
time, etc.
The examination of integrated statistical models (Figure 4b, 
Figure 5b) shows that with the increase in the drivers’ reac-
tion time, the likelihood of a driver’s action delays in con-
trolling the vehicle is growing (if the relative frequency f(t) is 
regarded as a probability). For the case of driving with both 
hands (the average reaction time value 0.319 s), then based 
on the Figure 5b (smooth curve) we can see that the likeli-
hood of the driver’s action delays in controlling the vehicle is  
about 0.5 (relative frequency value F(t) is about 50%). Mean-
while, when speaking on a phone when driving (Figure 5b), 
this likelihood increases to nearly 0.6 (relative frequency F(t) 
value is about 60%), which indicates a negative impact of 
a mobile phone on safe driving. The same is true for other 
ranges (intervals) of reaction time values. It is important to 
mention that when speaking on a phone, and when the re-
action time is already about 0.5 s, the likelihood of delay of 
the driver’s actions in controlling a vehicle increases very sig-
nificantly and exceeds 0.8 (the relative frequency F(t) value 
is over 80%). This means that at relatively small increase in 

sponding dependencies. In this case, as in the previously 
discussed case, the experimental test results are distrib-
uted according to the pattern similar to the normal log-
distribution law.
It is important to note that in these figures the relative 
frequency f(t) and the cumulative relative frequency F(t) 
may be expressed in probabilistic parameters, i.e., the 
fixed reaction time values in the corresponding range may 
be defined with a likelihood of a certain occurrence of 
this value. Function f(t) may be described as the probabil-
ity distribution function of reaction times over the entire 
measurement range, and F(t) – as summarization of the 
same probabilities f(t) consistently in each interval.
In examining these dependencies, it is appropriate to ana-
lyze the said functions in cases where drivers do not speak, 
and when they speak on a phone – to assess the main dif-
ferences, and the resulting causes.
In analyzing the obtained graphical expressions of the 
differential statistical model (Figure 4a, Figure 5a) we 
can see the lesser dispersion of the reaction time values 
(and corresponding probabilities) when driving with both 
hands in respect of the mathematical average. In this 
case, in the analyzed data distribution (Figure 4a), the 
reaction time values < 0.1 and > 0.5 s do not comprise 
even 5%. Meanwhile, in the case of driving while speak-
ing on a phone (Figure 5a) we can see that the reaction 
time values in the date dispersion range from < 0.1 s to 
almost 0.7 s, and the maximum value of relative frequen-
cy is in excess of 30% (when driving in both hands, the 
maximum value is about 25%).
The emergence of shorter reaction times may be explained 
by the fact that the drivers already knew the moment at 
which the vehicle rear axle would be shifted, and regard-
less of speaking on a phone, they concentrated for the 
upcoming manoeuvre. Longer reaction time values mean 
that, however, in further experimental tests, drivers were 
not able to fully maintain the proper concentration (speak-
ing on a mobile phone is a powerful distraction factor), 
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ues during the experiment increases by 12.7%, which 
makes it possible to conclude that drivers compensate 
for the loss of their working capacity by increasing the 
security limits – reducing the speed.

 – When stabilizing a vehicle movement, the complex re-
action time of a vehicle driver speaking on a mobile 
phone is increased by 18.1% as compared with the con-
ventional driving by a driver not speaking on a phone 
and this reduces the possibility of controlling the vehi-
cle following its sudden slip (destabilization).

 – To determine the complex driver reaction under the 
clear vehicle destabilization moment, it is appropriate 
to analyze the time interval between the destabilization 
and the start of the driver’s responsive action with the 
steering wheel.

 – The relatively short duration of reaction is obtained 
when the driver knew the moment when the measure-
ment would take place but it does not prevent from 
identifying the negative factor chosen for the test – the 
impact of speaking on a phone.

 – In the analyzed cases, driving with both hands (not 
speaking on a phone) and when driving with one hand 
and speaking on a phone, the experimental test results 
(probabilities corresponding to the reaction time val-
ues) are distributed according to the pattern close to 
the normal log distribution law. This distribution, as 
compared to normal distribution, is unsymmetrical, 
which in this case means that higher probability of the 
appearance (0.15–0.3 s range) of shorter reaction times 
compared with the entire range of dispersion of all re-
action times (0–0.7 s) is noted in differential statistical 
models.

 – Differential statistical models have shown that smaller 
dissemination of reaction times and the corresponding 
likelihood values in respect of the mathematical aver-
age (approximately ±0.2 s) was obtained when driving 
with both hands, as compared with the case of driving 
while speaking on a phone (about ±0.3 s). This is ex-

reaction time (for example, from 0.2 s to 0.5 s), the likelihood 
of delay of the driver’s actions in controlling the vehicle in-
creases from about 0.15 to 0.8 or more. Hence, with the reac-
tion time of 0.5 s, there is a high probability that the driver’s 
actions will be significantly late in controlling a car.
According to the Figure 4b and 5b we can make reverse 
predictions, i.e., in both cases (driving with both hands and 
speaking on a phone) we can determine what the likely 
value of the driver’s reaction time is at a certain probabil-
ity of delay in the driver’s actions in controlling the car.

CONCLUSIONS
The use of mobile phones is a potential distraction fac-
tor, particularly for certain groups of drivers. A possible 
line for the development of subsequent studies is the iden-
tification of these groups of hypersusceptible subjects. 
The above-mentioned studies may suggest that the lack 
of sleep, insomnia, obstructive sleep apnea (OSA), and 
drowsiness could be propensity factors.
However, the risk of using the phone depends on drivers’ 
characteristics, traits and attitudes that affect the level of 
their experienced dangers, and the intensity of using mo-
bile phones and driving.
The use of a mobile phone for more than 50 min/month 
is associated with the 5.59 times greater risk of collisions 
as compared to persons who do not use a mobile phone 
at all. Drivers using a mobile phone up to 10 min before 
the traffic accident were linked to 4 times (4.1 times) high-
er accident probability.
The following conclusions may be made after perform-
ing the analysis of the effects on the driver reaction while 
speaking on a phone, summarizing the results of the ex-
perimental test and performing the statistical assessment 
of results:
 – Speaking on a phone while driving increases the driv-

er’s reaction time and mental workload, and changes 
the driver’s visual overview ability and understanding 
of the situation. Scattering of the driving speed val-
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plained by the negative impact of speaking on a phone 
on the operation of the car.

 – Integral statistical models have helped to identify:
1. When driving and speaking on a phone, the prob-

ability of delay in the driver’s actions in controlling  
the vehicle increases from 0.5 s to 0.6 s as compared 
to the case of driving and not speaking on a phone. 
These values correspond to the average reaction time 
values in the corresponding case of tests;

2.  When speaking on a phone and driving, the reaction time 
increases to 0.5 s and more, therefore, the probability of 
the driver’s actions in controlling the vehicle increases 
and may exceed 0.8 s. This means that at relatively small 
increase in reaction time (0.2 s to 0.5 s), there is a high 
(0.8 s and above) probability that the driver’s actions in 
controlling the vehicle will be severely delayed.
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