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Abstract

During the last decades, distraction caused by mobile phones has created concerns about pedestrians' safety, especially while crossing
a road. The aim of this paper is to investigate the factors that have an effect on the crossing duration of pedestrians, distracted by
mobile phone use, at both signalized and unsignalized crossings. Pedestrians with mobile phones were observed during crossing the
aforementioned types of crossings in Thessaloniki, Greece, while their crossing duration was further examined via the development
of Bayesian regression models, one for unsignalized and one for signalized crossings. For the research purposes, 554 pedestrians
were observed at unsignalized crossings and 409 at signalized ones. The most commonly observed type of distraction was talking
on the mobile phone, while texting was also found to be very common. The variables, found to be associated with crossing duration,
were significantly different between unsignalized and signalized crossings. Crossing duration at unsignalized crossings seemed to
be affected by the experience of a potential conflict with a motorized vehicle and the presence of additional distractors, such as
the carrying of an object and the presence of company. At signalized crossings, duration tended to be influenced by the age of the

pedestrian and the position before crossing. Current research contributes in understanding and modeling distracted pedestrians'

behavior when crossing streets.
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1 Introduction

Mobile phone use while driving has been proven distract-
ing and has been associated with severe and fatal road acci-
dents. Although the effect of mobile phone use on drivers
has been studied thoroughly and relative countermeasures
have already been developed and implemented, the rele-
vant research on distracted pedestrians' behavior remains
limited, although the surveys that have been carried out so
far indicate that mobile phone can be equally distractive
in the case of the pedestrians. More specifically, accord-
ing to recent findings, the significant increase in mobile
phone ownership and use during everyday activities, can
also lead to fatal incidents during walking and road cross-
ing (Gary et al., 2018).

An important parameter related to pedestrians' safety is
crossing duration, since it reflects the duration of exposure
to potential risks related to crashes with vehicles. Further
research on the exposure duration of pedestrians while

crossing is needed, in order to understand the way they
behave and the factors that drive their behavior. Identifying
these factors can firstly facilitate the development of valid
simulation models for pedestrians' behavior and secondly
can lead to the implementation of appropriate policies and
countermeasures towards pedestrians' safety. These inter-
ventions may include the installation of countdown sig-
nal timers that inform pedestrians on the remaining time
for adapting their walking speed and safely crossing the
road (Lambrianidou et al., 2013; Paschalidis et al., 2016),
the installation of painted stencil markings or LED sig-
nals near or on crosswalks (Barin et al., 2018; Sobhani and
Farooq, 2018), the conduction of campaigns, the enforce-
ment of regulations etc.

Taking into account the above, the current paper empha-
sizes on the crossing duration of pedestrians, attempts to
investigate the behavioral characteristics of pedestrians,
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who are being distracted by the use of a mobile phone in
various ways, both at signalized and unsignalized cross-
ings. More specifically, it is sought to identify factors that
have a significant role to play exclusively on distracted
pedestrians' exposure time. With this aim, an observa-
tion survey has been carried out, taking into consider-
ation a wide range of crossing behavior parameters before
and during the crossing of both signalized and unsignal-
ized crossings and a variety of additional crossing dis-
tractors. The research concludes with the development
of two models (one for unsignalized and one for signal-
ized crosswalks), which aim to identify and quantify the
impact of various factors on crossing duration and con-
sequently to contribute in adding knowledge about how
distracted pedestrians behave.

2 Literature review
Distraction caused by mobile phone use can be divided
into four types:

1. cognitive;

2. visual,

3. auditory and

4. physical.

All these types of distraction have a negative impact
on user's ability to perform attention-demanding tasks and
effectively analyze the road circumstances (World Health
Organization and NHTSA 2011). These types of distrac-
tion are regarded as common for both drivers and pedes-
trians (Hatfield and Murphy, 2007; Pizzamiglio et al.,
2017), while further investigation concerning their effects
on pedestrians' crossing behavior is necessary for under-
standing and mitigating distracted walking and eliminat-
ing the likelihood of their involvement in traffic accidents.

Taking into consideration research findings so far, the
type and level of distraction depends on the performed
phone task. For instance, talking on the phone is consid-
ered to be a cognitively-demanding task that can affect
situational and environmental awareness (Hatfield and
Murphy, 2007; Hyman et al., 2010; Neider et al., 2010;
Tapiro et al., 2016). Texting, gaming or using apps can
reduce visual attention as the user's attention is mainly
engaged on the phone screen rather than on environmental
surroundings (Chen and Pai, 2018; Chen et al., 2017; 2018;
Feld and Plummer, 2019; Haga et al., 2015; Jiang et al.,
2018; Krasovsky et al, 2017, Lin and Huang, 2017,
Magnani et al., 2017; Tapiro et al., 2016), increasing

traffic lights violation and the probability of a collision
with a vehicle. The use of headphones can cause lim-
ited auditory attention by covering environmental noise
(Barton et al., 2016; Chen and Pai, 2018; Magnani et al.,
2017; Wells et al., 2018), which is an important stimulus
that facilitates safe road crossing.

Recent studies are focused on the physical distrac-
tion caused by mobile phone use, showing that it can
affect gait performance, by leading to gait patterns'
variability, walking speed reduction, as well as walk-
ing instability (Agostini et al., 2015; Jiang et al., 2018;
Lamberg and Muratori, 2012; Licence et al., 2015; Lin and
Huang, 2017; Magnani et al., 2017; Pizzamiglio et al.,
2017; Plummer et al., 2015). The findings that emphasize
on the reduction of walking speed, are very important in
the case of road crossing, as the increase of time needed by
a pedestrian for crossing expresses an increased exposure
time to risks, such as a collision with a motorized vehicle.

Pedestrians' crossing behavior while using a mobile
phone has been investigated mainly through naturalis-
tic, experimental and simulation observational surveys
(Lennon et al., 2016; Mwakalonge et al., 2015; Scopatz and
Zhou, 2016). Naturalistic observational surveys imple-
ment a more holistic approach, having thus the advantage
of being carried out under realistic circumstances on real-
world settings. Thus, the collection of information about
all crossing-related risks and distractors and the optimi-
zation of the quality of the collected data are facilitated.

The research findings of naturalistic observational sur-
veys vary, depending on whether the crossing site is sig-
nalized or unsignalized. According to Chen et al. (2018)
and Russo et al. (2018), road crossing with a mobile phone
at signalized intersections can result in traffic lights vio-
lations. On the other hand, research focused on unsignal-
ized intersections showed slower road crossings and less
checks on traffic before and during the crossing (Hatfield
and Murphy, 2007; Mohd Syazwan et al., 2017; Pesi¢ et al.,
2016). Taking also into account that the majority of unsafe
road crossings and accidents involving vulnerable road
users are usually observed at unsignalized intersections
(Galanis et al., 2017; Muley et al., 2017), distracted pedes-
trians' behavior at both signalized and unsignalized inter-
sections needs to be further explored, conducting com-
parative analysis.

Also, a limited number of studies attempt to develop sta-
tistical models for distracted walking in order to investigate
in depth the associations between performed mobile phone



tasks and pedestrians' crossing behavior and generalize and
predict the phenomenon. Previous researches set the:
1. traffic lights violation (Russo et al., 2018),
2. mobile phone tasks performed (Ortiz et al., 2017;
Russo et al., 2018),
3. safe crossing (Pesi¢ et al., 2016; Sobhani and Farooq,
2018), as dependent variables.

There are also limited studies, which are dealing with
distracted pedestrians' crossing speed or duration, which
seem to be affected based on how the pedestrian was using
the mobile phone. For instance, according to the study of
Russo et al. (2018), pedestrians that were talking through
the phone or texting, did not change their walking speed,
while those using headphones crossed the road faster.
On the contrary, Ropaka et al. (2020) observed that mobile
phone use, including texting and web-surfing, had a neg-
ative impact on crossing speed, especially in the cases
when the pedestrian was older and/or accompanied with
high pedestrian volumes crossing the road.

The crossing speed and the crossing duration have been
also examined in different contexts, not necessarily for dis-
tracted pedestrians, but also in the cases of pedestrians who
share common characteristics (e.g. children). Based on lit-
erature review, crossing speed is affected by the intersec-
tion control type, with the relevant results varying between
signalized and unsignalized intersections and crossings
through midblocks. More specifically, Hassouna (2020)
observed that pedestrians cross the unsignalized inter-
sections faster than the signalized ones, while Zaftri et al.
(2019) noticed slower crossing speeds in corresponding
cases. Likewise, crossing was associated with gender, age,
company group size, pedestrian flow and volume, the car-
rying of objects and in some cases with the use of a mobile
phone. In particular, Kadali and Vedagiri (2019) observed
that male pedestrians presented more changes of their
crossing speed and Zafri et al. (2019) that female pedes-
trians crossed the road slower than males. Regarding the
age, several studies found out that young people between
16 and 30 years old were more likely to change their cross-
ing speed (Kadali and Vedagiri, 2019), presenting higher
crossing speeds (Forde and Daniel, 2020) in comparison to
children, elderly and disabled people (Bansal et al., 2019;
Zafri et al., 2019), who crossed slower.

Concerning company, crossing speeds were slow-
ing down as the size of the company group was grow-
ing (Bansal et al.,, 2019; Kadali and Vedagiri, 2019;
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Shaaban, 2019). The same effect was noticed when pedes-
trians were crossing while holding objects, such as bags
or luggage (Zafri et al., 2019). To this end, since the cross-
ing duration expresses the exposure to risks, it is of great
importance to further investigate it and particularly to
focus on distracted pedestrians who are considered as
more vulnerable.

3 Methodology
3.1 Design of the data collection process
The current research utilizes naturalistic observations,
exploiting the advantages of this methodology as men-
tioned in the Section of Literature Review. During the sur-
vey, only pedestrians that were using mobile phones while
crossing the road were observed, at both signalized and
unsignalized intersections. The number of undistracted
pedestrians was also recorded, in order to quantify the fre-
quency of distracted walking phenomenon. The collected
data were relevant to:
1. site characteristics (traffic light duration for vehicles
and pedestrians, road width),
2. pedestrians' demographics (gender, estimated age),
3. mobile phone task performed during crossing (e.g.
holding it without using it, talking, listening to
music, texting),
4. existence of other distractors (e.g. presence of com-
panion, carriage of another object) and
5. pedestrians' crossing behavior characteristics.

Regarding pedestrian's crossing behavior, it was
observed before and during the crossing. In particular, the
parameters recorded were:

1. pedestrians' traffic signal (red; green) during the

crossing, for signalized sites,

2. check of traffic before crossing (yes; no),

3. waiting for traffic to stop before crossing (Yes; No;
No need for waiting due to no traffic),

4. look direction during crossing (straight ahead; at
traffic; on the phone; at company; other),

5. pedestrian's waiting position before crossing (on the
sidewalk; on the crosswalk; start crossing without
waiting),

6. pedestrian's reaction to signal change from "green"
to "red" indication (stop; return to initial position;
acceleration),

7. conflict with a vehicle (yes; no), and

8. crossing duration (in seconds).
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3.2 Site selection and sampling
In order to collect an adequate and representative sam-
ple of pedestrians, the selection of a central district with
high pedestrian flows and mixed land uses, was consid-
ered advisable. Furthermore, taking into account that
controlled intersections are considered to be safer than
uncontrolled ones, the survey included observations at
both signalized and unsignalized intersections. It was also
desirable to examine intersections in close proximity to
each other, so as to eliminate differences in the environ-
mental conditions. Based on these criteria, the sites were
finally located in a central district of Thessaloniki, Greece,
whose characteristics are presented in Tables 1 and 2.
The data were collected during the peak hours of pedes-
trians' traffic, from 10:00 till 14:00 in the morning and
from 18:00 till 20:00 in the evening. The observer kept
a safe distance from road traffic, without blocking walking
trajectories. Also, the observations, which were collected

Table 1 Alexandrou Svolou Str/Ethnikis Aminis Str crossing
characteristics

Characteristics Site

Alexandrou Svolou Str/Ethnikis

Location ..
Aminis Str

Traffic light signal for

. Yes Yes Yes No
pedestrians
Traffic light signal for vehicles Yes Yes No No

Green light time for

. 31-35  32-33 40 -
pedestrians (sec)

Red light time for pedestrians

48-58 57 30-50 -
(sec)
Road width (m) 4.6 8.2 6.0 8.0
?}z)iestrlans using mobile phone 182 18.8 203 19.8

Total pedestrians' observations 122 128 159 241

Table 2 Alexandrou Svolou Str/Ippodromiou Str crossing
characteristics

Characteristics Site

Location Alexandrou Svolou Str/Ippodromiou Str

Traffic light signal for

pedestrians No  No No No No No

Traffic light signal for

. No No No No No No
vehicles

Green light time for
pedestrians (sec)

Red light time for ) ) ) ) ) )
pedestrians (sec)

Road width (m) 57 39 3.9 6.0 4.0 4.1
Pedestrians using

mobile phone (%) 213 162 162 203 13.0 13.0

Total pedestrians'

K 30 75 73 29 53 53
observations

under poor visibility of the observer, were excluded from
the dataset. Finally, 963 valid observations of distracted
pedestrians were included in the analysis (409 at signal-
ized crossings and 554 at unsignalized crossings).

3.3 Statistical analysis and modeling

The data were initially analyzed in terms of descriptive
statistics, employing SPSS, in order to provide some useful
information about the sample of the study. Then, two sta-
tistical models were developed and interpreted, applying
Bayesian regression techniques. The first model focused
on unsignalized crossings and the second on signalized
crossings. The pedestrian's crossing duration was deter-
mined as the dependent variable. Both models reflected
the correlation of pedestrian's crossing duration with var-
ious influential factors. The analysis was carried out in
R programming language (R Core Team, 2017) using the
BAS package (Clyde, 2018).

4 Results
4.1 Descriptive statistics
The sample is well distributed regarding gender, since 515
(53.48%) females and 448 (46.52%) males were observed.
The vast majority (69.1%) of the pedestrians were esti-
mated to be between 18 and 39 years old, possibly due
to the increased familiarity of people of that age in using
mobile phones. Also, 407 (42.26%) pedestrians were hold-
ing their mobile phones without using them. For those prac-
tically using their phones, 246 (25.5%) were talking, 123
(12.8%) were texting, 70 (7.3%) were using headphones
and 113 (11.7%) were performing more than one of these
tasks. The rest of the pedestrians were performing other
tasks, such as fusing a camera. In regard to additional dis-
tractors while crossing, 33.3% of the pedestrians were car-
rying another object while crossing, while 22.1% of them
were accompanied by another pedestrian. Only 5.3% of the
sample had a conflict experience with a motorized vehicle.
Concerning the pedestrians' crossing behavior, the major-
ity of the pedestrians checked the motorized traffic before
crossing (84.9%), while for those crossing a signalized cross-
ing, 239 (58.4%) crossed the road during the green light indi-
cation. This result is consistent with the results of a ques-
tionnaire-based survey, which took place in the same city
and took into account both distracted and undistracted cases
(Basbas et al., 2019). Moreover, 32.8% of the pedestrians did
not wait before crossing due to total absence of traffic. In the
cases of the presence of traffic, 32.5% of the pedestrians
were waiting on the sidewalk before crossing, 21.7% on the



crosswalk and 13% of them crossed while motorized traf-
fic was approaching them. Concerning the crossing dura-
tion, pedestrians needed on average 4.75 seconds (Standard
Deviation = SD = 1.355) to cross an unsignalized crossing
and 5.46 seconds (SD = 1.68) to cross a signalized crossing.

4.2 Pedestrian's crossing duration at unsignalized
crossings

The conduction of the Bayesian regression analysis for
pedestrians' crossing duration at unsignalized crossings led
to the generation of 38,013 models. Fig. 1 illustrates the mod-
els ranked by their posterior probability, where black color
indicates which features are being left out of each model.

The most plausible of the 38,013 models (highest proba-
bility model) has a posterior probability of 12.57% and it is
much higher than the uniform prior probability assigned to
it. This model includes an intercept, as well as the road width
("RoadWidth"), the presence of a companion during cross-
ing ("Company"), the carrying of an object while walking
("CarrySth") and the experience of a conflict during cross-
ing ("Conflict"). The R2 indicator is equal to 69.43%, which
shows that the independent variables may explain approxi-
mately 70% of the dependent variable's variance.

Fig. 2 points out the posterior distribution of the coef-
ficients. Based on Fig. 2, it can be demonstrated that no
feature has a large overlap with 0. The vertical line cor-
responds to the posterior probability that the coefficient
equals to 0. The shaped curve shows the density of possible
values where the coefficient is non-zero. It is worth-men-
tioning that the height of the line is scaled to its probability.
This implies that the intercept and all the variables included
in the model show no line denoting non-zero probability.
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The coefficients of the variables, which were used in
the most plausible model for predicting pedestrians' cross-
ing duration at unsignalized crossings are presented in
Table 3. Based on the coefficient values of Table 3, it can
be stated with 95% certainty that increasing the width of
the street by 1 m implies a delay of 0.5 up to 0.6 seconds.
In addition, when a distracted pedestrian carries another
object, the crossing duration can be increased by 0 to
0.39 seconds. Respectively, there is 95% chance that the
presence of accompanying persons can extend the cross-
ing duration by 0 to 0.44 seconds. Regarding the number
of conflicts with vehicles that a distracted pedestrian may
experience, there is 95% possibility that an increase by
one unit can result to a reduction of 0.45 up to 1.15 sec-
onds on the crossing duration. This indicates that pedes-
trians adapt their speed (accelerate) and possibly their
trajectory in order to avoid a collision with a vehicle.
The model's credibility was checked through the conduc-
tion of a 10 fold cross validation which generated a Root
Mean Square Error (RMSE) equal to 0.76. Given that the
dependent variable ranges from 2 to 8 seconds, the model
is considered as credible.

4.3 Pedestrian's crossing duration at signalized
crossings

The implementation of Bayesian regression analysis for
pedestrian's crossing duration at signalized crossings gener-
ated 56,815 alternative models. Fig. 3 illustrates the models
ranked by their posterior probability. The highest probabil-
ity model has a posterior probability of 6.8% and includes
an intercept, the road width ("RoadWidth"), pedestrians
aged over 65 years old ("AgeOver65") and the position

Generated Models Ranking

Intercept
RoadWidth
Sex
AgeUnder18
Age18_24
Aged0_54
Ages5_64
AgeOver5
PhoneUse
EarSets
EarSetsCheck
PhoneTalking
Texting
EarSetsUse
EarSetsTalkUse
EarSetsTexting
EarSetsTalking
CameraUSe
HandTrafficSize
BothHands
WithoutHands
Company
CompanyChild
Carysth
Check
Visibility
Confiict

Feature Selection

3014 2162 2128

4 5 6 7 8 9 10 1 12 13 15 17

1616 1.559 0.99% 0737 0679 0589 056 0367 0263 0.154

Log Posterior Probability

Fig. 1 Models predicting pedestrians' crossing time at unsignalized crossings ranked by their posterior probability
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Fig. 2 Posterior distribution of the coefficients (unsignalized crossings)
Table 3 Coefficients of the features of the most plausible model of the pedestrian before crossing ("StandingCrossing").
predicting pedestrians crossing time at unsignalized crossings The posterior probability of the model is much higher than
Variable post mean  post SD 2.5% 97.5% the uniform prior probability. The value of R2 highlights
Intercept 475 0.03 4.69 4.81 that the independent variables included in the model can
RoadWidth 0.56 0.05 0.53 0.60 explain 12% of the dependent variables' variance.
CarrySth 0.25 011 0 0.39 In Fig. 4, the posterior distribution of the coefficients for
Company 0.29 0.11 0 0.44 the signalized crossings is illustrated in accordance with
Conflict 07 0.19 LS 048 the process followed for the modeling of crossing duration
Generated Models Ranking
1 2 3 4 5 6 7 8 9 10 " 122 13 14 16
Intercept
RoadWidth
GreenlLightPed
RedLightPed
Sex
AgeUnder18
Age18_24
Aged0_54
Age55_64
AgeOver65

Feature Selection

ChangelnRedLight

StandingCrossing
CrossAnyway

EarSetsCheck

WithoutHands

CompanyChild

MobileUse
EarSets

MobileTalk
Texting
EarSetsUse
TrafficSide
BothHands
Company

CarrySth
RedLight

CheckTraffic

Conflict

293 1.566 1301 1291 1185 1.102 0963 0.702 0591 0372 0293 0205 0053

Log Posterior Probability

Fig. 3 Models predicting pedestrians' crossing time at signalized crossings ranked by their posterior probability
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at unsignalized intersections. Based on Fig. 4, it can be
demonstrated that no feature that has a large overlap with
0, such as in the model for unsignalized crossings.

The coefficient values of features used in the most plau-
sible model for predicting pedestrians' crossing duration
at signalized crossings are presented in Table 4. Based on
these values, it can be concluded with 95% certainty that
increasing the width of the street by 1 m, crossing duration
can be delayed by 0.19 to 0.42 seconds. Furthermore, when
a pedestrian waits on the crosswalk before crossing, there
is 95% chance that the crossing duration can be reduced by
0.3 to 1.33 seconds. This indicates a more offensive behav-
ior of those waiting on the crosswalk compared with those

Table 4 Coefficients of the features of the most plausible model

predicting pedestrians crossing time at signalized crossings

Variable postmean  post SD 2.5% 97.5%
Intercept 5.46 0.08 5.31 5.62
RoadWidth 0.31 0.06 0.19 0.42
StandingCrossing -0.73 0.3 -1.33 -0.3
AgeOver65 1.57 0.83 0 2.69

waiting on the sidewalk. Moreover, there is 95% possibility
that the crossing duration of the elderly can be increased by
0 to 2.69 seconds in comparison with younger pedestrians.

The model's credibility was checked through the con-
duction of a 10 fold cross validation which generated
a Root Mean Square Error (RMSE) equal to 1.5. Given
that the dependent variable ranges from 3 to 12 seconds,
this model is also considered to be credible.

5 Discussion

The present paper deals with distracted walking, which
is currently a usual phenomenon, due to the increased
use of portable electronic devices and mainly mobile
phones. This fact is also validated by the results of this
paper, since approximately a 15-20% of pedestrians were
observed to cross the road while holding or using a mobile
phone. The most common type of mobile phone usage,
as recorded in this survey, is talking without hands-free
device. However, texting while crossing the road is also
found to be very common, which has also been high-
lighted by the findings of previous surveys.
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The analysis focuses on crossing duration, which
is an essential variable, because it expresses the expo-
sure time of the pedestrian at collisions with vehicles.
Except for the road width, different factors were found
to be influential between signalized and unsignalized
crossings. The results from the analysis of the unsignal-
ized crossings indicate that distracted pedestrians' expo-
sure time is increased when carrying an object or when
crossing with a companion. Also, the experience of a con-
flict with a vehicle during crossing modifies the crossing
behavior and more specifically it influences the pedestri-
ans to accelerate. Regarding signalized crossings, the age
found to be one of the most influential factors, indicating
that the exposure duration of the elderly at risks is much
higher compared to younger pedestrians. Also, pedestri-
ans, who wait on the crosswalk, show a more offensive
attitude compared to those waiting on the sidewalk and
this is reflected in the crossing duration.

The current findings can complement the existing liter-
ature on the subject of distracted walking emphasizing on
mobile phone use while crossing. They can also provide
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