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ABSTRACT

Over the last years, in addition to the increasing use of smartphones, new vehicles are
equipped with technologies that make it even easier to use a smartphone while driving
[1]. For that reason, driver distraction by using a mobile phone is a cause of road
traffic accidents [2-3]. International research has indicated that accident probability is
increasing when a driver is being distracted [4-5] and especially for the young,
distracted drivers this increase is reaching 8% [6]. Moreover, reading text messages
while driving reduces the driving speed by 30% [7]. The objective of this study is to
quantify the traffic and safety effect of texting and web surfing by a smartphone during
driving in urban areas, through a driving simulator experiment.

The experimental procedure was carried out on the NTUA driving simulator which
is a motion base quarter-cab manufactured by the FOERST Company. The simulator
consists of 3 LCD wide screens 40°’, driving position and support motion base. The
choice of the sample scheme was focused on young people with a valid driving license.
36 drivers (19 males and 17 females) participated in the experiment, who had 5.4 years
of driving experience on average. The sample scheme was clustered into two age
groups, aged 18-24 and 25-33, in order to differentiate behavior based on their driving
experience. A questionnaire was also developed to identify drivers’ profiles and
focused on the smartphone use and their familiarity with urban road. At the beginning
of the experiment, each participant drove a test route on urban environment during
daytime conditions, which was a different route from the scenarios’ ones in order to
get familiarized with the driving simulator and test for possible simulator sickness
issues.

For the present study, the type of road that was examined was urban environment,
which included a variety of complex urban conditions: roundabouts, signalized
intersections, not-signalized intersections, which required increased cognitive load
compared to rural driving environment. Four different scenarios were selected to
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examine several factors that may have impact on driver’s behavior, and the impact of
smartphone use while driving. More specifically, the scenarios were distinguished by
day and night driving conditions?, each with a low (300 vehicles/hour) and high (600
vehicles/hour) traffic volume. In each scenario two unexpected events were
programmed to appear in order to examine the accident probability. Drivers were asked
by the experiment instructor to perform the following secondary tasks while driving
each of the four sessions (day-night and high-low traffic): a) navigate in their
Facebook feed, b) texting via Facebook Messenger and c) search for a location via
Google Maps app (in random order during their route, but at specific timing given by
the instructor).

The statistical analysis that was conducted, included two levels of analysis. The
first one included five regression models which were developed in order to analyze the
impact of smartphone use (scrolling Facebook feed, texting and Google Maps
navigation) while driving on young drivers’ behavior and safety in terms of mean
driving speed, mean headway distance from the front vehicle and accident probability.
The second step included generalized linear models in order to compare the different
impacts of the use of different smartphone applications®. The elasticity of each
independent variable was calculated in order to estimate the sensitivity of each
dependent variable [8].

Moving on to the results of the analysis, the mean speed linear regression model
indicated that the independent variables which were statistically significant at 95%
level were: texting/web surfing distraction, traffic volume, if driver enjoys driving
(variable extracted from the questionnaire) and driver’s gender. The elasticity value
showed that texting or web surfing while driving lead to 8% decrease of the mean
driving speed.

The second linear regression model concerned mean speed variability and
indicated that the independent variables which were statistically significant at 95%
level were: texting/web surfing distraction, traffic volume, how driver changes driving
behavior while using mobile phone and driver’s daily frequency of texting/web surfing
(the latter three variables extracted from the questionnaire). The elasticity value
showed that texting or web surfing while driving lead to 26% decrease the mean speed
variation. Regarding the mean speed variability, we moved on to the second analysis
step with the first generalized linear model, which was also developed, showed (by
comparing the significant coefficients) that, Google Maps application had the highest
impact in the model, followed by Facebook Messenger and Facebook app.
Additionally, the riskiest driver profile was a male driver who is distracted by using
the Google Maps app.

Then, the headway distance linear regression model indicated that the independent
variables which were statistically significant at 95% level were: texting/web surfing

! Nightime conditions were fully simulated not only at the driving scenario but also in the environment around
the simulator during the experimantal procedure.

2 The second step conducted only for two out of five examined dependent variables, as for the other three no
statistically significant difference was observed between the three different distracted conditions.
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distraction, traffic volume, if driver enjoys driving, how driver changes driving
behavior while using mobile phone, driver’s daily routes on urban roads, driver’s
gender and age. The elasticity value showed that texting or web surfing while driving
lead to 5% decreased headway distance.

Then, a linear mean headway distance variability regression model was developed
and showed that the independent variables which were statistically significant at 95%
level were: texting/web surfing distraction, traffic volume, lighting conditions
(day/night), driver’s gender and weekly driven kilometers on urban roads. According
to the elasticity values, texting or web surfing while driving lead to 19% decreased
headway distance variation. For the mean headway variability, we moved on to the
second analysis step with the second generalized linear model, which was also
developed, showed (by comparing the significant coefficients) that, Facebook
application had the highest impact in the model, then Google Maps and Facebook
Messenger app. The riskiest condition was high traffic volume when driver is
distracted by using the Facebook app.

Finally, a binary logistic regression model was developed for investigating
accident probability, which indicated that the independent variables which were
statistically significant at 95% level were: texting/web surfing distraction, traffic
volume, driver’s age group, lighting conditions (day/night) and driver’s weekly days
driving on urban roads. The elasticity value showed that texting or web surfing while
driving lead to 75% increased accident probability.

Concluding, according to the results of the regression models, a key finding is that
web surfing or texting distraction while driving has the greatest negative impact on
driving behaviour compared to the other risk factors, such as traffic volume and
lighting conditions. More specifically, smartphone use while driving increases
significantly the accident probability, while at the same time reduces the mean driving
speed. The increased accident probability may be explained by the fact that smaller
headways are maintained from the vehicle in front and drivers while using a
smartphone have a reduced perception of traffic, which makes them more vulnerable to
a driving error and then a collision. Also, using the smartphone while driving reduces
the mean speed variability because the distracted driver tries to compensate this risky
behaviour by maintaining a steady speed, but this strategy is not successful as the
accident risk is greater.

Then, moving on to the results of the generalized linear models, comparing the
three different smartphone applications to each other, Google Maps had the highest
impact on mean speed variability followed by Facebook Messenger and Facebook
application. Combined with the impact of the driver’s gender, the riskiest driver profile
is a male driver who is distracted by using the Google Maps app. Several remedial
measures should be implemented and enforced in order to reduce the use of
smartphone while driving as its effect on road safety is detrimental.
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