
ABSTRACT
Driver distraction has been identified as a contribut-

ing factor to road crashes, among which the most com-
mon is the use of mobile phones while driving. For this 
reason, the aim of this paper is to analyse the behaviour 
of young drivers while they use mobile phones (answer-
ing a telephone call, texting, and browsing the internet) 
and drive in a simulated urban environment. In total 28 
volunteers participated in the study. Several variables 
were recorded for each participant: driving speed, ac-
celeration, deceleration, and eye movement. The results 
show that the difference in driving speed, acceleration, 
and deceleration was relatively small for each task and 
for the control condition (no use of mobile phone). How-
ever, when looking at the total time required for conduct-
ing each task, participants spent 26.44% of the time look-
ing at the phone when texting, 37.01% when browsing 
the internet, and 2.27% when talking on the phone. In 
addition, participants viewed on average 66.45% traffic 
signs when distracted, compared to 79.22% during un-
distracted driving. Based on the results, a proactive ap-
proach to reduce the problem related to the use of mobile 
phones while driving is proposed.

KEYWORDS
mobile phones; distraction; young drivers; driving  
simulator; eye tracking; road safety.

1. INTRODUCTION
Driver distraction can be caused by a number of 

internal or external sources (inside or outside the ve-
hicle). In-vehicle distractions include eating, drink-

ing, smoking, talking, use of embedded multimedia 
entertainment systems, etc. [1]. Drivers can, howev-
er, be ‘distracted’ by an activity or event to the ex-
tent that they no longer allocate sufficient attention 
to the driving task and their driving performance is 
compromised. In this sense, driver distraction oc-
curs when drivers’ normal cognitive processes (i.e., 
attention-sharing) and adaptive strategies fail, and 
they are no longer able to adequately divide their 
attention between driving and secondary tasks, and 
thus cannot maintain driving performance at a sat-
isfactory level. Distraction can occur either because 
the secondary task is so complex or compelling that 
drivers fail to allocate (or prioritise) sufficient at-
tention to driving, or because the demands of the 
driving task are so high that they do not allow the 
performance of a secondary task at any level [2]. 
According to Young et al., there are four main types 
of driver distraction: (1) visual distraction which 
takes drivers' eyes off the road; (2) auditory distrac-
tion which directs the driver to ambient sounds or 
responding to a ringing mobile phone; (3) physical 
distraction when the driver removes his/her hands 
from the steering wheel; and (4) cognitive distrac-
tion which diverts drivers' attention from driving, or 
results in being lost in thought [3]. Of course, the 
worst scenario is a combination of the aforemen-
tioned distraction types. The risk of accident varies 
depending on the distraction type. However, it is es-
timated that car drivers spend about 25–30% of total 
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presence of the distraction effect. Furthermore, Yan 
et al. demonstrated that driving performance, anal-
ysed through brake reaction time and driving speed 
fluctuation, was significantly impaired due to a 
normal conversation on a hands-free mobile phone 
[10]. Several other studies confirmed the same ef-
fect of hands-free mobile phone conversation on 
driving performance [11–13]. Consiglio et al. com-
pared the impact of hands-free and handheld mobile 
phone conversation on the braking performance of 
distracted drivers upon the activation of a red lamp 
in a laboratory. They found that both types of mo-
bile phone conversations (hands-free and handheld) 
resulted in slower reaction times in performing the 
braking task [14]. On the other hand, using a driv-
ing simulator, Saifuzzaman et al. concluded that al-
though both handheld and hands-free calls impact-
ed the car-following behaviour, headway time for 
hands-free phone conversation increased by 0.33 s, 
and for handheld mobile phone use by 0.75 s [15]. 
In addition, Tornros and Bolling found that hand-
held and hands-free calls to some extent differently 
affect driving performance depending on the en-
vironment in which the driver is driving [16]. The 
study was conducted using a driving simulator on 
which 48 participants drove a distance of 70 km on 
a route leading through the following types of envi-
ronments: rural environment with a speed limit of 
90 km/h, rural environment with a speed limit of 70 
km/h, urban environment of low complexity, urban 
environment of medium complexity and urban en-
vironment of high complexity. During a handheld 
phone conversation speed reduced in all environ-
ments, whereas hands-free phone conversation had 
such an effect in only two environments: rural 90 
and urban complex environments. Authors indicate 
that speed reduction as an effect of conversation is 
an attempt to compensate for the increased mental 
workload. 

In addition to mobile phone conversation while 
driving, research activities have also focused on the 
effect of texting on driving performance. In gen-
eral, texting is one of the most detrimental uses of 
mobile phones while driving because it involves vi-
sual, manual, and cognitive distractions [17]. Rum-
schlag et al. conducted a driving simulator study to 
investigate a disruptive effect of texting on driving 
performance defined as lane excursions, or move-
ment of the vehicle outside the directed driving lane 
(into the lane for oncoming traffic or onto the shoul-
der of the road). Overall, results show that 66% of 

driving time on distracting activities and that from 5 
to 25% of car accidents may be attributed to driver 
distraction [4].

One of the main distractors in road traffic is mo-
bile phone use. Since mobile phones have become 
indispensable in people's daily lives, most drivers 
are at some point tempted to check their phone 
while driving. According to the results of a survey 
conducted by the Croatian Association of Safety 
Managers in 2017, car drivers mostly use phones to 
talk while driving, to connect to GPS, and to send/
read text messages [5]. Since more than 90% of in-
formation that drivers receive in road traffic is visu-
al, mobile phone use weakens drivers' ability to pro-
cess visual information and they become sluggish 
in performing basic control actions over the vehicle 
[6]. Overall, road safety statistics clearly indicate 
the problem of mobile phone use while driving. In 
2015, the United States National Highway Traffic 
Safety Administration (NHTSA) reported that mo-
bile phone use was a contributing factor in 442 fatal 
crashes (14% of all fatal distraction-affected crash-
es). For these distraction-affected crashes, the po-
lice crash report specified that the driver was talking 
on, listening to, or otherwise manipulating a mobile 
phone or performing other phone activity at the time 
of the crash [7]. In general, this type of distraction is 
associated with degraded driving performance and 
with a significant detriment of the cognitive perfor-
mance (e.g. the reaction time), leading to a negative 
impact on road safety, mainly due to dual tasking: 
driving and using a mobile phone.

A vast body of literature has shown a negative 
effect of dual tasking (i.e., use of mobile phones 
for making calls and texting) on different driving 
performance measures such as: braking perfor-
mance, maintaining headway distance, reaction and 
response time, etc. Strayer and Johnson reported 
that participants in a tracking task were slower to 
respond to targets and were also more susceptible 
to missing targets when engaged in a mobile phone 
conversation [8]. Slower response and more intense 
braking were also found by Hancock, Lesch and 
Simmons [9]. In addition, authors highlighted a crit-
ical 15% increase in non-response to the stop light 
in the presence of a mobile phone-related distrac-
tion task, which equates with increased stop light 
violations on the open road. They also underlined 
that response and braking patterns were influenced 
by drivers’ age and gender – female and older driv-
ers suffered a greater disadvantage concerning the 
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about 14 km on a three-lane highway. During the 
hands-free trip, participants received a hands-free 
phone call. During the control trip, participants 
drove without engaging in any conversation. In 
both trips researchers recorded eye movements, i.e., 
frequency of fixation, fixation duration, saccade du-
ration, and the horizontal and vertical densities of 
fixation. The results show that drivers fixated less 
on road signs, other vehicles, and the speedome-
ter while making a hands-free call. Also, the visual 
scan pattern indicates that participants had a wider 
spatial distribution of eye fixations during a hands-
free phone call. Overall, based on the results, au-
thors highlight that drivers seem to fixate less on 
traffic-related information while making hands-free 
calls. The same year, Hashash, Zeid and Moacdieh 
evaluated the effect of browsing social media while 
driving on young drivers' performance and attention 
allocation using a driving simulator [23]. In total 26 
students were recruited and asked to do three runs 
along a given path (6.8-km long urban environment). 
Each run represented one of the test conditions: (1) 
no use of mobile phone (control condition), (2) 
browsing through Facebook, and (3) texting. Each 
run also contained three events set at specific loca-
tions: a green light turning yellow then red as the 
participant approaches the traffic signal, a pedestri-
an crossing in front of the car, and a car braking sud-
denly in front of them. Recorded data were divided 
into three groups: driving performance – average 
speed, average lane position deviation, and aver-
age brake reaction time; eye tracking – number of 
fixations on the road, mean fixation duration on the 
road, fraction of time looking at the road, mean X 
and Y gaze position on the road, and spatial density; 
and subjective measures – participants rated three of 
the factors of the full NASA-TLX scale. The factors 
included their perception of mental demand, tem-
poral demand, and effort on a scale from 1 (least 
demand or effort) to 20 (most demand or effort). 
Results show that both texting and browsing social 
media lead to performance decrements. However, 
texting while driving is more detrimental to perfor-
mance compared to browsing social media. In terms 
of attention allocation, texting and browsing social 
media seem to be very similar, which confirms the 
need to raise awareness about the visual distraction 
caused by browsing social media. 

The literature review clearly shows that mobile 
phones significantly affect driver performance. 
However, most of the studies focused only on in-

drivers exhibited lane excursions while texting and 
driving [18]. Hosking, Young and Regan found in 
their driving simulator study that young drivers 
spent up to 400% more time not looking at the road 
while texting and driving compared to conditions 
in which they were not texting [19]. Furthermore, 
a meta-analysis of driving simulation studies con-
cluded that reading and typing text messages while 
driving diverts attention away from the road, in-
creases response time to hazards, and increases the 
risk of crashing [20].

Besides driving performance, several studies 
investigated how mobile phone use affects drivers' 
eye movements. Young et al. studied the impact of 
different mobile phone interfaces on driving perfor-
mance and eye movements [21]. For this purpose, 
authors used a smartphone with a touch screen QW-
ERTY keyboard and tactile numeric keypad phone. 
In total, 24 participants drove three test runs on a 
driving simulator. Half of the participants used a 
mobile phone with a numerical keypad (no QW-
ERTY keypad) and half used a ‘smartphone’ with 
a touch screen interface and a virtual keyboard to 
carry out the text messaging tasks. Each of the three 
test runs comprised a 7-km tunnel segment and a 
7-km freeway segment with the same road geom-
etry. Furthermore, each test consisted of a different 
task related to the mobile phone: (1) a run without 
the use of mobile phone (control condition), (2) a 
run in which participants had to read text messag-
es (read-only condition), and (3) a run in which 
participants had to read and send text messages 
(read-and-write condition). During test runs, au-
thors recorded several driving performance and eye 
movement data: vehicle speed and speed variability, 
standard deviation of lane position, the percentage 
of drivers’ total gaze time to the road centre (during 
text-messaging conditions), frequency and duration 
of glances to the phone, and ratings of subjective 
workload. Results show that reading and, in partic-
ular, writing text messages decreased the amount of 
time that drivers spent looking at the centre road-
way (up to 29%), degraded their speed monitoring 
and increased their subjective workload compared 
to control conditions. In addition, the performance 
degradations were similar across numeric keypad 
and touch screen keyboard phones. In 2019, Desmet 
and Diependaele examined the effects of hands-free 
phoning on cognitive distraction with the use of eye 
tracking [22]. In total 30 participants made two con-
secutive trips (hands-free trip and a control trip) of 
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3GB of video memory, Intel Core i7 7700K central 
processor unit (CPU) with four cores, eight threads 
and frequency of 4.20GHz, 32GB of RAM, 250GB 
SSD for storage, and Windows 10 Pro 64-bit oper-
ating system. The simulator provides an interactive 
display of reality with a 210° environment with over 
six channels (left, middle, and right views plus three 
rear-view mirrors).

 

Figure 1 – Carnetsoft B. V. driving simulator used in the study

Tobii Pro Glasses 2 were used to record partic-
ipants' eye movements. The glasses are equipped 
with cameras, a recording unit and a computer unit 
with installed software that records, captures and 
stores collected data (Figure 2). The glasses have 
four eye-tracking cameras (two cameras per eye) 
and four sensors (gyroscope and accelerometer). 
The camera installed at the front of the glasses re-
cords the space in front of the participant with a 
1920* 1080-pixel HD resolution and a viewing area 
of 160° horizontally and 70° vertically, while the 
remaining cameras that record eye movement are 
placed in the eyeglass lenses [29].

 

Figure 2 – Elements of a Tobii Pro Glasses 2 eye-tracking 
system [29]

2.2 Scenario design
The scenario was designed as a two-way street 

with a road surface 6.8 m wide (each roadway lane 
3.4 m wide) in a typical urban environment. The sce-
nario was divided into two parts. The first part passed 

vestigating a specific use of mobile phones, such 
as texting, conversing, or browsing (social media), 
with few of them using eye tracking. In addition, 
most of the simulator studies simulated open-road 
environment (for example freeway road segments) 
which is in most cases less demanding than urban 
environments in terms of visual complexity, num-
ber of different road users, and number of conflict-
ing situations. Therefore, the aim of this study is to 
compare the impact of several types of mobile phone 
use (handheld mobile phone conversation, texting, 
and internet browsing) on young drivers' driving per-
formance (driving speed, acceleration, and deceler-
ation) and eye movement (number of gazes on the 
mobile phone, the duration of gaze, and the number 
of viewed traffic signs) in urban environment. The 
reasons for the aim of the study are the following: (1) 
handheld phone conversation, texting, and internet 
browsing are three most detrimental uses of mobile 
phones while driving; (2) young drivers are especial-
ly prone to the use of mobile phones while driving 
[19, 24, 25]; (3) urban environments are complex ar-
eas in which, although the driving speed is lower, a 
number of conflicting and risky situations occur due 
to the number of different road users and high con-
centration of information, which may ultimately in-
crease drivers' mental workload, especially for young 
inexperienced drivers [26–28]. The main objective of 
the study is to determine which type of mobile phone 
use by young drivers represents the worst-case sce-
nario for road safety and as such, the study is a valu-
able contribution to the existing body of literature. 

2. METHODOLOGY
The following research equipment was used for 

this research: a driving simulator and eye-tracking 
glasses. With the research equipment we collected 
data related to driving speed, acceleration, deceler-
ation, and the participants’ eye movement. A more 
detailed description of the methodology is provided 
in the following section.

2.1 Research equipment
Carnetsoft B. V. driving simulator (Figure 1) con-

sisting of a driver section (driver seat with pedals, 
steering wheel, and shifter) and three interconnect-
ed displays, 30″  in size, 5760x1080 resolution, and 
30 Hz frame rate was used in this study. The hard-
ware consisted of a computer with NVidia GeForce 
GTX 1080 Ti graphics processing unit (GPU) and 
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2.3 Procedure
The testing room was set up at the Department 

of Traffic Signalling, Faculty of Transport and Traf-
fic Sciences, University of Zagreb (Croatia). Before 
conducting the test, each participant had gotten ac-
quainted with the research equipment and research 
procedure. Researchers instructed the participants 
that their driving knowledge and ability are not being 
evaluated and that they can freely stop the testing at 
any time, especially if they feel side effects such as 
simulator sickness. The participants signed a consent 
to take part and filled in a short questionnaire related 
to personal information such as age, gender, date of 
obtaining the driver's license, self-assessment of their 
driving ability, frequency of driving, and other com-
ments and possible problems related to their visual 
system. In addition, participants filled out a question-
naire aimed at determining their attitudes, habits, and 
opinions regarding the use of mobile devices while 
driving and its risk. Before the beginning of the sim-
ulation run, the researchers explained the methodol-
ogy to the participants and told them that they would 
have to perform some mobile phone-related tasks 
while driving. 

As already mentioned, the scenario was divid-
ed into six identical sections. In three of the six 
identical parts participants had to complete a spe-
cific task related to mobile phone use, while in the  
other three parts they did not use mobile phones. The 
mobile phone-related tasks consisted of: (a) writ-
ing a message (texting); (b) answering a telephone 
call (conversing); and (c) browsing the internet. All 
participants drove the same scenario, with a random 
order of tasks in the scenario. Also, they used their 
own mobile phones so the impact of ‘learning’ to 
work on a new phone was eliminated. Figure 3 shows 
the way one of the participants used a mobile phone 
while driving.

through a rural area 2.37 km long and was designed 
as a ‘warm up’ run during which participants adapt-
ed to the simulator. This part has not been taken into 
account during further data processing. The second 
part represented the testing part with a total length of 
10.74 km which was divided into six identical parts 
or ‘laps’. In each part, participants had a different 
task (elaborated in more detail in Section 2.3).

Since the scenario represented a typical urban en-
vironment, the speed limits varied from 40 km/h, 50 
km/h to 60 km/h. The speed limit of 40 km/h was 
set in front of each major curve, 50 km/h at the very 
beginning of each lap because it announced driving 
through an urban area, while the limit of 60 km/h was 
set in an urban area on a straight road section. Within 
each part (lap) of the scenario, there were two three-
way intersections and two four-way intersections. At 
three-way intersections drivers had the right of way. 
At the first four-way intersection a stop sign was in-
stalled, and the second contained a pedestrian cross-
ing. There were also two sharp curves marked with 
chevron signs. The entire scenario included 15 cm 
wide middle and edge road markings and 66 traffic 
signs (placed in the direction of travel). The number 
and percentage share of traffic signs by each sign cat-
egory is presented in Table 1. Additionally, both sides 
of the roadway contained a 1 m wide red bicycle line. 

Random traffic (both cars and pedestrians) was 
present (cars were only present in the opposite direc-
tion). Also, the scenario included the sound of traffic 
in the environment and the sound of the participant’s 
car. The road environment consisted of houses, build-
ings, street lighting, parked vehicles, and trees typical 
for urban setting. Other distractions were not present 
in the scenario. The scenario simulated daytime con-
ditions with sunny weather.
Table 1 – The proportion of traffic signs in the scenario

Traffic sign 
category

Dimensions 
[cm]

Number of 
traffic signs

Percentage 
[%]

Danger signs 90×90×90 18 27.3

Mandatory 
signs – stop 60 6 9.1

Mandatory 
signs 60 24 36.3

Information 
signs 60×60 6 9.1

Chevron signs 60×60 12 18.2

TOTAL - 66 100
Figure 3 – View from the driver's perspective of using a mobile 

phone while driving
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(x̅=26.82; min=18.69; max=33.58; SD=3.35), 
and their driving experience averaged seven years  
(x̅= 7.13).; min=0.05; max=14.26; SD=3.67). 

More than half (60.71%) of participants assessed 
their driving ability as “moderately experienced 
driver”. Ten of them (35.71%) stated that they do 
not use mobile phones while driving, and if they 
are forced to, they use them in a hands-free manner. 
A total of 57.14% of participants choose to use the 
hands-free mode, and 42.86% the handheld mode. 
As many as 78.57% of participants claim that mo-
bile phones have a significant impact on road safety, 
but although they are aware of the dangers, 42.86% 
of them still use them while driving. When looking 
at the three most detrimental uses of mobile phones 
while driving, the results of the questionnaire pre-
sented in Figure 4 indicate that browsing the internet 
and texting is very or moderately distracting to most 
of the participants. When it comes to conversing on 
mobile phones, the majority of participants (54%) 
stated that it is very distracting. However, almost 
40% stated that talking on a mobile phone does not 
have a distractive impact.

3. RESULTS

3.1 Driving speed 
The ANOVA results show that there is a sig-

nificant statistical difference between the partic-
ipants' driving speed depending on the way the 
mobile phone was used while driving, Wilks’  
Lambda=0.439, F=10.669, p<0.05 (p=0.000). 

In the control condition, i.e., scenario parts 
where the mobile phone was not used, the partic-
ipants drove on average 45.41 km/h (SD=6.02). 
It can be noticed that, on average, the participants 

2.4 Variables and data analysis

During the entire run, driving speed, accelera-
tion, deceleration, and eye movements (number 
of gazes on the mobile phone, the duration of the 
gaze, and the total number of traffic signs viewed) 
were measured. The above data were extracted from 
Carnetsoft B. V. ‘Data Analysis’ software and Tobii 
Lab, and analysed using ANOVA. In addition to the 
ANOVA system, Bonferroni post-hoc analysis was 
used. The Bonferroni test attempts to prevent data 
from incorrectly appearing as statistically signifi-
cant by making an adjustment during comparison 
testing, and it is often applied as a post-hoc test in 
many statistical procedures such as ANOVA and its 
variants (ANCOVA, MANOVA), multiple t-tests, 
Pearson’s correlation analysis and in several non-
parametric tests (Mann-Whitney U test, Wilcoxon 
signed rank test, and Kruskal-Wallis test) [30]. Sta-
tistical significance was set at 5% and 95% confi-
dence intervals, respectively.

2.5 Participants

The participants were recruited through re-
searchers' personal contacts. A total of 28 volun-
teers holding a valid driver's license participated in 
the study and all of them successfully completed 
the testing procedure without any problems (such 
as simulator sickness etc.). Sample size was re-
stricted due to the COVID-19 pandemic, but over-
all, it is in line with other similar studies [10, 21, 
23]. Of a total of 28 participants, 17 men (60.71%) 
and 11 women (39.29%) participated in the study. 
The average age of the participants was 26 years  
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undistracted driving was 0.71 m/s2 (SD=0.22). Al-
though the obtained values are approximately the 
same, during the telephone conversation the par-
ticipants achieved the highest average acceleration 
of 0.76 m/s2 (SD=0.29). Participants achieved the 
lowest acceleration while browsing the internet and 
texting. The results are shown in Figure 6.

For deceleration, the ANOVA results show that 
there is a significant marginal statistical differ-
ence between the deceleration level depending on 
the way the mobile phone was used while driving, 
Wilks’ Lambda=0.726, F=3.139, p< 0.05 (p=0.043). 
The largest deceleration was recorded again during 
the telephone conversation, -1.22 m/s2 (SD=0.79), 
while the lowest was during internet browsing 
(-1.02 m/s2) as shown in Figure 7.

drove at the same speed as when browsing the in-
ternet – 45.34 km/h (SD=10.29). When they inter-
fered with driving by writing messages and phon-
ing, the average speed was slightly higher, 47.10 
km/h (SD=9.59), and for telephone conversations 
48.20 km/h (SD=7.76). The difference is shown in 
Figure 5. 

3.2 Acceleration and deceleration

In contrast to driving speed, ANOVA results 
show that there is no significant statistical dif-
ference between acceleration depending on how 
mobile phones were used while driving, Wilks’ 
Lambda=0.836, F=1.640, p>0.05 (p=0.205). The 
obtained data show that the average acceleration in 
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in order to further evaluate the impact of different 
mobile phone uses on driving speed since personal 
characteristics play an important role in speed ad-
aptation [33]. Although the difference in average 
speed is relatively small (less than 5 km/h), it still 
may significantly increase the risk of accidents.

In addition to speed, we conducted an analysis 
of acceleration and deceleration, and the results 
related to the achieved speeds. At higher speeds, 
drivers accelerated and decelerated more intensive-
ly. Overall, participants accelerated at the lowest 
rate while browsing the internet and texting, prob-
ably because the tasks were complex and demand-
ed more attention. The highest acceleration was 
recorded during a telephone conversation, which 
may be due to the fact that the drivers were visu-
ally focused on the road. The highest deceleration 
was also recorded during a telephone conversation 
(-1.22 m/s2), while the lowest was during internet 
browsing (-1.02 m/s2). Overall, the deceleration in 
each condition was in the range of -0.85 m/s2 up to 
-1.8 m/s2, which is considered safe [38, 39].

Finally, eye-tracking results show that different 
usage of mobile phones demands different visual 
attention. Internet browsing and texting demand-
ed the highest number of gazes at the phone, due 
to the pure complexity of the task. Specifically, 
drivers needed to focus on the phone in order to 
properly and correctly fulfil the tasks. As reported 
by Collet, Guillot and Petit in their literature re-
view, a number of studies have indicated that the 
use of mobile phones affects visual information 
processing [40]. Several studies have shown that 
under highly loaded conditions, the driver’s func-
tional field of view reduces [41–43], and that some 
of the cues related to driving may not get to be 
visually processed and perceived [44]. This is why 
participants viewed the lowest number of traffic 
signs when they were distracted compared to when 
they were not, although most of the signs were in 
their central field of view. Of course, just viewing 
a sign does not mean that it will be perceived, but 
without fixating the gaze on the sign, drivers have 
a lower chance of correctly and timely identifying 
and understanding its meaning and thus the risk of 
improper and untimely reaction increases.

According to the obtained results, it can be con-
cluded that from the safety perspective, the most 
critical uses of mobile phones while driving are 
internet browsing and texting. If we take a plastic 
example of just a 3-second drive at a continuous 

3.3 Eye movement
Using Tobii Pro glasses, we collected data re-

lated to the number of gazes on the mobile phone, 
the duration of the gaze and the number of traffic 
signs viewed by the participants. When comparing 
the number of gazes on the mobile phone while 
conducting a specific task, the results show that 
internet browsing demanded the highest visual 
attention, i.e., participants on average looked 44 
times at the mobile phone. When texting, partic-
ipants looked at the phone on average 32 times, 
and when answering a call only two times (when 
answering and when ending the call). The duration 
of each gaze was on average 1.11 s when texting, 
1.29 s when browsing the internet, and 1.20 s when 
answering the phone. When looking at the total 
time for conducting each task, participants spent 
26.44% of the time looking at the phone when 
texting, 37.01% when browsing the internet, and 
2.27% when talking on the phone.

Furthermore, when distracted by the use of 
the mobile phone, participants viewed on aver-
age 66.45% (SD=20.45%) of traffic signs located 
in the scenario. In undistracted parts of the sce-
nario, the participants viewed on average 79.22% 
(SD=17.05%) of traffic signs.

4. DISCUSSION AND CONCLUSION
Overall, the results of the study show that driv-

ers drove statistically faster when they were dis-
tracted by the use of the mobile phone. Specifical-
ly, the highest average speeds were recorded when 
participants were distracted by a telephone conver-
sation (48.20 km/h) and texting (47.10 km/h). On 
the other hand, the average speed during internet 
browsing and undistracted driving was almost the 
same, 45.34 km/h and 45.41 km/h respectively. 
These results are to some extent contrary to the 
previous findings [31–33], which may be due to 
the fact that speed limitations in this study were 
relatively low (40 km/h to 60 km/h) and that we fo-
cused only on young drivers. Several studies have 
shown that young drivers often misjudge situa-
tions, overestimate their own abilities, and do not 
accurately perceive their driving speed, i.e., tend to 
overspeed [34–36]. However, it must be noted that 
a meta-analysis of the effects of mobile phone use 
on driving performance indicated that young driv-
ers are less affected by mobile phone tasks than 
older drivers [37]. Additional studies are needed 
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mobile phone tasks affect driving performance and 
visual scanning of the environment. Such research 
should include a broader range of participants since 
personal characteristics, such as age, gender, cultur-
al background, driving experience, personality etc., 
impact the level of distraction, i.e., the way spe-
cific distraction will affect the driver. Such studies 
should also investigate how different weather (sun, 
rain, fog etc.) and visibility conditions (day, night, 
dusk, dawn) impact the level of distraction by mo-
bile phones.

Finally, since the study further proved that the 
use of mobile phones while driving significantly af-
fects young drivers’ behaviour, especially in terms 
of their visual scanning of the environment, we 
propose implementing measures and programmes 
aimed at educating young drivers about the nega-
tive effects of mobile phone use on road safety. The 
results of the questionnaire related to different uses 
of mobile phones while driving and their risks indi-
cate that in some cases, such as phoning while driv-
ing, participants to a large extent (40%) do not even 
perceive the action as risky and distracting. There-
fore, we propose that the educational programmes 
should be based on personal contact which includes 
empathy, emotions, and mutual understanding with 
real-life examples. It has been highlighted that pro-
grammes which include personal contact and stories 
of victims injured in road traffic accidents may be 
more effective in increasing awareness, especially 
of young drivers [49, 50]. 
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speed of 47.10 km/h, which is the average speed at 
which participants drove while texting, 26.44% of 
the overall driving time (0.79 seconds) drivers will 
be distracted and not look at the road. This would 
result in 10.3 m of travelled distance without the 
“eyes on the road”, which in an urban environment 
may be crucial for performing a safety manoeu-
vre like braking and stopping. The situation is 
even worse with internet browsing. Although the 
average driving speed was the lowest compared 
to all the other conditions, drivers were distract-
ed 37.01% of the total time, which would result in 
almost 14 m of travelled distance without “eyes on 
the road”. On the other hand, during a phone con-
versation drivers would most of the time visually 
focus on the situation in front of them and thus for 
this specific case it would mean that less than a 
meter of travelled distance would be without “eyes 
on the road”. Of course, the use of mobile phones 
does not result just in a visual distraction, but rath-
er in a combination of visual, manual, cognitive, 
and auditory distraction, which means that any use 
of mobile phones while driving will increase the 
driver’s mental workload. The increase of mental 
workload can significantly impair driving perfor-
mance, perception, and reaction time and thus the 
overall road safety [45–47].

Although this study provided valuable results, 
it has certain limitations. They are primarily re-
lated to the driving simulator since a fixed-base 
simulator does not provide a completely realistic, 
real-life driving feeling and external validation 
of the results is an often-mentioned issue even 
though the method has many advantages. Anoth-
er limitation is related to the potential ‘familiarity’ 
effect. The scenario consisted of six identical sec-
tions, and although the tasks were randomised for 
each participant, they may have learned about the 
route which could, according to Yanko and Spal-
ek [48], lead to mind-wandering and poor driv-
ing performance. Finally, the sample size in this 
study was relatively small (28 participants) due to 
the COVID-19 pandemic. In general, a relative-
ly small sample size increases the likelihood of a 
Type II error skewing the results, which decreases 
the power of the study. However, the sample size is 
in line with other simulator studies examining the 
impact of mobile phones on driving behaviour [10, 
21, 23]. Based on the findings and limitations of 
the study, we recommend that future research fo-
cuses on investigating in more depth how different 
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UTJECAJ UPOTREBE MOBILNIH  
TELEFONA TIJEKOM VOŽNJE  
NA PONAŠANJE I VIZUALNO “SKENIRANJE”  
OKOLINE MLADIH VOZAČA 

Distrakcija vozača identificirana je kao jedan od fak-
tora koji doprinosi nastanku prometnih nesreća, među ko-
jima je najčešća upotreba mobitela tijekom vožnje. Iz tog 
razloga, cilj ovog rada je analizirati ponašanje mladih 
vozača prilikom korištenja mobitela (javljanje na tele-
fonski poziv, slanje poruka i pregledavanje interneta) i 
vožnje u simuliranom urbanom okruženju. U istraživanju 
je sudjelovalo ukupno 28 volontera. Za svakog ispitanika 
mjereni su različiti parametri: brzina vožnje, akceleraci-
ja, deceleracija i pokreti očiju. Rezultati pokazuju kako 
je razlika u brzini vožnje, akceleraciji i deceleraciji bila 
relativno mala za svaki “zadatak” kao i za kontrolni uv-
jet (vožnja bez korištenja mobitela). Međutim, gledajući 
ukupno vrijeme potrebno za izvođenje svakog zadatka, 
sudionici su proveli 26,44 % vremena gledajući u mobitel 
prilikom slanja poruka, 37,01 % prilikom pregledavanja 
interneta i 2,27 % kada su razgovarali na mobitel. Osim 
toga, sudionici su u prosjeku pogled usmjerili na 66,45 % 
prometnih znakova kada su koristili mobitel, u usporedbi 
sa 79,22 % tijekom vožnje bez korištenja mobitela. Na te-
melju rezultata predlaže se proaktivan pristup smanjenju 
problema vezanog uz korištenje mobitela tijekom vožnje.

KLJUČNE RIJEČI
mobiteli; distrakcija; mladi vozači; simulator vožnje;  
očni pokreti; cestovna sigurnost.
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