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Abstract: Most safety concerns for pedestrian trips arise during road crossing, due to the interaction
of pedestrians with motorized vehicles. This present paper attempts to explore the factors that have
significant impact on pedestrians’ crossing behavior, and to identify the group of pedestrians that
appear to be the most prone to crossing a road during the first five seconds of the red phase. In this
context, observations were conducted in twelve signalized crossings in one-way roads, in the city of
Thessaloniki, Greece. The collected data (600 observations of crossing pedestrians) were analyzed
statistically; more specifically, the observations were analyzed through descriptive statistics, and
a classification tree was developed for predicting pedestrians’ decisions. The results indicate that
pedestrians’ crossing behavior is most of all affected by the behavior of other pedestrians in the
signalized crossing. Also, the number of traffic lanes has an impact on pedestrians’ decision to cross
the road during the first five seconds of the red-light phase.
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1. Introduction

Walking is considered to be one of the most universal activities. Studies show that
walking provides significant physical and mental health benefits, reducing chronic diseases
and health care costs (Lee and Buchner 2008; Johansson et al. 2011; De Vries Sjerp et al. 2011).
Moreover, walking is the most accessible and affordable mode of transportation. According
to the European Commission, walking is promoting sustainability by contributing to
the reduction of CO, emissions (European Commission 2011), as well as relieving traffic
congestion, vital to communities (Leyden 2003). For these reasons’, sustainable planning
gives high priority to walking (Sdoukopoulos et al. 2019), and cities attempt to promote
walking by applying effective programs and implementing pedestrian-friendly facilities.

Despite the efforts to create walkable communities, pedestrian safety is still a contro-
versial issue. According to the World Health Organization, pedestrians’ fatal accidents
represent around 16% of road accidents in the United States of America and 20% in the coun-
tries of the European Union (World Health Organization WHO). One of the most common
reasons for pedestrian injuries and deaths is their incompliance with the transportation
laws (Israel Police 2006; Kim and Mateo-Babiano 2018). The collision risk level increases up
to eight times when pedestrians adopt illegal behavior at signalized intersections (Tiwari
et al. 2006; King et al. 2009).

Pedestrians do not always comply with the traffic light signals. They appear more or
less prone to making an illegal decision to cross during the red-light phase. According to
a survey of Wanty and Wilkie (2010), 23% of the pedestrians crossed the road during the
red phase (Wanty and Wilkie 2010). High rates were also observed in surveys in Korea
(King et al. 2009) and China (Fu and Zou 2016). Zhuang et al. (2018) suggest that 85.2%
of the pedestrians who arrived at a signalized crossing during the red phase decided to
cross. In Singapore, 34% of the pedestrians waited for the green phase, if they arrived at the
signalized crossing during the last five seconds before the vehicles green phase; otherwise,
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100% of them decided to cross the road (Koh et al. 2014). The magnitude of the above
percentages requires the study of the factors that influence decision making of crossing a
signalized crossing illegally. In the following paragraphs, the results of previous surveys
are presented.

One of the most influential factors is gender. Male pedestrians appear to be less
consistent with traffic lights (Paschalidis et al. 2015). Lipovac et al. (2013) and Lobjois
et al. (2013) state that gender influences pedestrians” behavior. A survey in Tel Aviv
showed a significant difference in the crossing behavior between the two genders, with
males crossing illegally more frequently (Rosenbloom 2009). In Israel, 54.1% of the females
waited for the green light phase to cross a signalized crossing, while 45.9% of the males
adopted the same behavior (Rosenbloom 2011; Yagil 2000). Studies in Canada (Brosseau
et al. 2013), Chile (Moyano 2002), China (Xu et al. 2013), France (Tom and Granié 2011) and
Greece (Lambrianidou et al. 2012; Basbas et al. 2019) converge on a similar result about the
role of gender in illegal crossing behavior.

Age also has an important role to play. Numerous surveys claim that the degree of
compliance increases as the age increases (Paschalidis et al. 2015; King et al. 2009; Zafri
et al. 2020). Illegal behaviors are more likely observed at younger group ages, where the
trust level of fast crossings is high (Lambrianidou et al. 2012). Older pedestrians are more
likely to comply with traffic light signals (Cook and Koorey 2013; Guo et al. 2011). “Young
male’ is the riskier combination concerning illegal crossing behaviors (Brosseau et al. 2013).
In the UK, pedestrians up to thirty years old are expected to cross a signalized crossing
during the red phase (Ahuja et al. 2008). However, there are other surveys which claim
that age is not related to compliance with traffic lights (Rosenbloom 2009; Rosenbloom
2011; Zhou et al. 2009).

Many surveys have also dealt with the impact of distraction and parallel activities
on crossing behavior. Children’s escorts, or pedestrians with toddler’s trolleys, avoid
crossing a signalized crossing during any other phase other than the green one; meanwhile,
pedestrians who are in a rush to get to their work or to take a bus are more likely to
accept the risk and cross illegally (Hamed 2001). Hurry is the main motivation when
it comes to traffic light violations (Oxley et al. 1997). A recent study shows that group-
crossing causes pedestrians to display distracted behaviors, and they are therefore crossing
slower and less safe compared to individuals (Aghabayk et al. 2021). Moreover, when
pedestrians are busy with parallel activities such as eating, holding bags, suitcases or other
heavy objects that delay their movement, they are generally more reluctant to illegal road
behaviors (Ahuja et al. 2008). Mobile phone use leads to increased cognitive distraction
and reduced awareness, increasing unsafe pedestrian behaviors (Lamberg and Muratori
2012). Numerous studies have shown that speaking on a mobile phone is directly linked to
distraction, downgrading pedestrians’ safety (Neider et al. 2010; Nasar and Troyer 2013;
Nasar et al. 2008; Hatfield and Murphy 2007; Perra and Basbas 2019a, 2019b). Except for
speaking on a mobile phone, another very common source of distraction is texting (Perra
et al. Forthcoming). Messaging via mobile phones is associated with slower crossing times
and dangerous pedestrian behaviors (Thompson et al. 2013; Schwebel et al. 2012). Also,
pedestrians are more likely to be involved in a traffic accident when using music player
devices (Walker et al. 2012).

The cross or wait decision seems to also be influenced by other pedestrians’ behaviors.
Rosenbloom (2011) and Yang et al. (2006), suggest that crossing during the red-light phase
seems to encourage another pedestrian to cross illegally. The more pedestrians wait for
the green light phase, the lower the percentage of those who cross illegally (Rosenbloom
2009). The same conclusion is derived from a case study in Israel, where the existence
of other pedestrians waiting for the green traffic light affected other pedestrians who
adopted the same behavior (Rosenbloom 2011). This phenomenon is possibly due to
social criticism caused by illegal actions, which are often considered more important than
sanctions (Hirschi and Gottfredson 1994). A very recent study investigates the motivational
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factors that affect pedestrians’ crossing behavior, and identifies especially that males’ risky
behavior is influenced by their friends” perceptions (Soathong et al. 2021).

The number of lanes and the signalized crossing widths are variables affecting crossing
behavior. Studies suggest that the level of compliance increases as the crossing width
increases as well (de Lavalette et al. 2009; Cinnamon et al. 2011). In New Zealand, 92%
of pedestrians comply with the traffic light signals when it comes to roads with multiple
lanes; conversely, 56% of pedestrians comply with the traffic light signals when it comes
to narrower roads (Cook and Koorey 2013). Road widths that surpass twenty-two meters
usually induce pedestrians’ compliance (Cook and Koorey 2013).

The waiting time in the signalized crossings has also attracted scientific attention. A
survey which was conducted in Athens suggests that an increase in pedestrians’ red-light
phase signifies an increase in illegal behaviors (Yannis et al. 2010). In Delhi, long waiting
times resulted in impatience and thus illegal crossing behaviors; the average waiting time
is 27% longer for females, in comparison to males (Tiwari et al. 2006). Questionnaires in
China showed that 41% of the participants turn impatient after sixty seconds, and 40%
after twenty seconds (Xiong et al. 2014).

The impact of the waiting time becomes even greater when the weather conditions
are unfavorable. A study in Toronto suggested that snow and rain have a negative effect
on acceptable waiting time, resulting in frequent illegal crossings (Li and Fernie 2010).
Acceptable waiting time also decreases on typical weekdays and during rush hours, when
pedestrians are usually in a hurry; thus, illegal crossing behavior becomes more common (Guo
etal. 2011).

This present paper examines pedestrians” decision to cross a road during the first five
seconds of the red-light phase for pedestrians, before the green light has been turned on for
vehicles. This study takes into account all those factors found in the literature review that
affect pedestrian crossing behavior. The aim of this paper is to identify the factors with
the most significant impact on pedestrians, as well as to identify combinations of variables
which in many cases lead to illegal crossing. By fulfilling the aforementioned objective, it is
easier to implement proper policies and measures to improve the level of pedestrian safety.

2. Description of the Undertaken Research
2.1. Study Area

The survey was conducted in the city of Thessaloniki, which is located in northern
Greece. Thessaloniki is a city where private car usage dominates, while active mobility, and
especially cycling, remains at very low levels (Nikiforiadis et al. 2020). The aforementioned
mobility issues are depicted in the modal share, which favors private cars (41.3%), while the
percentages of walking and cycling are too low (9.2% and 1.7% respectively) (Thessaloniki
SUMP 2019). A relatively new trend in Thessaloniki is the shared e-scooter systems, which
have managed to attract a reasonable amount of travelers, mainly males, young adults and
people living close to the city center (Nikiforiadis et al. 2021).

The examined signalized crossings are located within or close to the city center. The
pedestrian flows in these signalized crossings are high. For the purposes of the analysis it
was considered advisable to select signalized crossings and roads with different geometric
and functional features, such as a different number of lanes, crossing width, and traffic
signaling cycles. All of the examined pedestrian crossings refer to one-way roads. Based on
the abovementioned parameters, observations were conducted in twelve crossings, with
six maximum lanes. Table 1 presents a signalized crossings’ main characteristics.
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Table 1. Signalized crossing characteristics.

Signalized Crossing

Characteristics

Number of lanes 4
Ioannis Tsimiski Crossing width (meters) Red: 40”1 Or 1:11 . 37 | Green:
(Ethnikis Amynis St. intersection) Vehicle Signaling Time e g7§e. cen
Pedestrian Signaling Time Red: 50” | Green: 30”
Number of lanes 2
Ethnikis Amynis (rossing width (meters) Red: 50”7 | Orar91 e: 3”7 | Green:
(Ioannis Tsimiski St. intersection) Vehicle Signaling Time ’ 27§ ’ )
Pedestrian Signaling Time Red: 40” | Green: 40”
Number of lanes 3
Eleftheriou Venizelou Crossing width (meters) Red: 43” | Or a?‘1 e 3" | Green:
(Ioannis Tsimiski St. intersection) Vehicle Signaling Time ’ o4 § ' '
Pedestrian Signaling Time Red: 35” | Green: 35”
Number of lanes 3
Nikis Avenue (crossing widh (meters) Red: 20”1 Oralr? e: 3” | Green:
(Agias Sofias St. intersection) Vehicle Signaling Time ' 65§ ' '
Pedestrian Signaling Time Red: 80” | Green: 8”
Number of lanes 2
Agias Sofias Crossing width (meters) Red: 287 1O 7 e .
(Mitropoleos St. intersection) Vehicle Signaling Time ed: r‘i‘z,’%e‘ reen:
Pedestrian Signaling Time Red: 25” | Green: 20”
Number of lanes 2
Mitropoleos (rossing width (meters) Red: 18”1 Orar81 e: 3” | Green:
(Kouskoura St. intersection) Vehicle Signaling Time ’ 5 4§ ' '
Pedestrian Signaling Time Red: 35” | Green: 10”
Number of lanes 6
Megalou Alexandrou Crossing width (meters) 21
(Georglou Karfnskakl St. Vehicle Signaling Time Red: 27”1 Oran§e: 3”1 Green:
intersection) 60
Pedestrian Signaling Time Red: 75” | Green: 15”
Number of lanes 2
Pavlou Mela (crossing widh (meters) Red: 98”7 | Orar91 e: 3” | Green:
(Ioannis Tsimiski St. intersection) Vehicle Signaling Time ’ 1 5§ ’ '
Pedestrian Signaling Time Red: 26” | Green: 90”
Number of lanes 1
Palaion Patron Germanou Crossing width (meters) Red: 62” | Or:r.15 o 37 | Green:
(Pavlou Mela St. intersection) Vehicle Signaling Time ' 25§ ’ '
Pedestrian Signaling Time Red: 38” | Green: 52”
Number of lanes 4
Vasilissis Olgas Crossing width (meters) Red: 35” | Or al :11 e: 3 | Green:
(25th Martiou St. intersection) Vehicle Signaling Time ’ 52§ ) '
Pedestrian Signaling Time Red: 65” | Green: 25"
Number of lanes 1
Paraskevoloulou Crossing width (meters) Red: 68" |Or i 3 | Green:
(Vasilissis Olgas St. intersection) Vehicle Signaling Time ed: ?9,56' et

Pedestrian Signaling Time

Red: 28” | Green: 62”
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Table 1. Cont.

Signalized Crossing

Characteristics Photograph

Ionos Dragoumi

Number of lanes 1
Crossing width (meters) 3
Red: 68” | Orange: 3” | Green:

(Ioannis Tsimiski St. intersection) Vehicle Signaling Time 197 E s ‘

Pedestrian Signaling Time Red: 28” | Green: 62” !

2.2. Data Collection

Data collection was carried out through field observations. Considering the literature
review, observations concerned possible parameters that seem to influence pedestrians’
decision making to cross or not to cross the signalized crossings, during the first five
seconds of the red-light phase. The observed parameters included: day of the week,
time, weather, crossing width, pedestrian and vehicle signaling times, and also variables
influencing the decision-making of each pedestrian.

Initially, pilot observations on the loannis Tsimiski signalized crossing were carried
out. These observations were not included in the final sample but were particularly useful
for the final survey. The pilot observations referred to pedestrians that arrived at the
signalized crossing during the first ten seconds of the pedestrians red-light phase. During
this time gap, both pedestrians” and vehicles’ traffic light indicators present red light. The
end of the ten seconds is followed by the vehicles” green light phase. It was found that the
pedestrians that decided to cross the signalized crossing were those that arrived during the
first five seconds of the red-light phase, while those who arrived in the last five seconds
were forced not to cross the signalized crossing in order to avoid a collision with a vehicle,
since they were not able to complete the road crossing before the green light for vehicles
was turned on. Thus, the dilemma of “cross or wait” was only for those arriving during
the first five seconds of the pedestrians’ red light phase and, for this reason, it was decided
to observe only those who arrived during the five seconds period.

The random sampling technique was used, which allows the results of a sample to be
generalized to the population. Finally, 600 pedestrians were observed, 50 in each examined
signalized crossing (Marshall 1996). The observations were launched on 19 February 2019
and were completed on 12 March 2019.

Based on the literature review and the conclusions from the pilot observations, the
variables that were finally observed for each pedestrian are the following:

Gender: male or female
Age: classes, based on pedestrians’ characteristics
Distraction: it was recorded if pedestrians were engaged in parallel activities, such as
a child escort, food consumption, mobile phone use, and any other action delaying
their movement, such as carrying suitcases, shopping bags etc.

e  Other pedestrians waiting: the exact number of other pedestrians waiting in the
signalized crossing
Other pedestrians crossing: the exact number of other pedestrians crossing illegally
Decision making: pedestrians’ decision of crossing or not the signalized crossings.

3. Results
3.1. Descriptive Statistics

Table 2 presents all the observed variables along with their frequencies. The sample is
well distributed regarding gender; most pedestrians are aged between 20 and 64, but there
are also sufficient observations from older and younger people. Distraction was observed
only on a limited part of the sample (21%). In the majority of the observations, there was no
other pedestrian waiting for the green light indicator to cross the crosswalk; contrariwise,
at 74% of the observations, there was at least one pedestrian crossing illegally. Only 29.17%
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of the pedestrians found to be compliant to the traffic signals, while 70.83% decided to
cross illegally, during the first five seconds of the pedestrian red-light phase.

Table 2. Descriptive statistics.

Variable Frequencies
Gender Male: 44.33%, Female: 55.67%
Age <19: 4.83%, 20-39: 48.17%, 40-64: 30.50%, >65: 16.50%

Distraction (if pedestrians were engaged in parallel activities
while crossing or not)

No: 79.00%, Yes: 21.00%

Number of other pedestrians waiting in the signalized crossing 0: 68.67%, 1: 13.83%, 2: 8.33%, 3: 4.17%, >3: 5%

Number of other pedestrians crossing illegally

0: 26.00%, 1: 19.17%, 2: 20.33%, 3: 14.17%,
4: 8.83%, 5: 8.83%, 6: 3.50%, >6: 3.50%

Other pedestrian(s) crossing No: 26.00%. Yes: 74.00%

Number of road lanes

1: 16.67%, 2: 41.67%, 3: 16.67%, 4: 16.67%,
6: 8.33%

Crossing width (meters)

3:16.67%. 6.5: 8.33%, 7: 8.33%, 8: 8.33%,
9: 25.00%, 10: 8.33%, 14: 16.67%, 21: 8.33%

18: 8.33%. 20: 8.33%. 27: 8.33%, 28: 8.33%,

Vehicle green phase duration (seconds) 35: 8.33%, 40: 8.33%, 42: 8.33%, 43: 8.33%,

50: 8.33%, 62: 8.33%, 68: 8.33%, 98: 8.33%

14: 8.33%, 15: 8.33%, 19: 8.33%, 20: 8.33%,

Vehicle red phase duration (seconds) 24: 16.67%, 25: 8.33%, 27: 8.33%, 37: 8.33%,

52: 8.33%, 60: 8.33%, 65: 8.33%

8: 8.33%, 10: 8.33%, 15: 8.33%, 20: 8.33%,

Pedestrian green phase duration (seconds) 25: 8.33%, 27: 8.33%, 30: 8.33%, 35: 8.33%,

40: 8.33%, 52: 8.33%, 62: 8.33%, 90: 8.33%

25: 8.33%, 26: 8.33%, 28: 8.33%, 35: 16.67%,

Pedestrian red phase duration (seconds) 38: 16.67%, 40: 8.33%, 50: 8.33%, 65: 8.33%,

75: 8.33%, 80: 8.33%

Pedestrians’ decision of crossing or not the signalized crossings Cross: 70.83%, Wait: 29.17%

3.2. Classification Tree

Thereinafter, a classification tree was developed. The aim of the classification tree is to
identify the variables with the greatest impact on pedestrians’ crossing behavior and to
determine the combination of variables that in many cases results in illegal crossing. The
classification tree was developed in the R programming language (R Core Team 2013) with
the tree package (Ripley 2018). Initially, the dependent variable “decision making” was
defined. The rest of the observed parameters were considered as possible independent
variables.

At first, the total sample was divided into a training set (80% of the observations)
and test set (20% of the observations). Based on the training set, a first classification
tree with fifteen terminal nodes was developed. The prediction accuracy of this tree was
examined by comparing the predicted and the observed values, using the test set (i.e.,
out-of-sample accuracy). The comparison showed that the out-of-sample accuracy of the
first classification tree was 64.71%. In order to avoid overfitting (i.e., the production of
a model that corresponds too closely to the training set), and thus to increase the out-
of-sample accuracy, it was considered advisable to optimize the tree by pruning it (i.e.,
making it simpler by reducing the terminal nodes). For identifying the optimal number
of terminal nodes, the cross-validation method was applied, using the minimization of
the classification error as a criterion. In the present case, a classification tree with eight
terminal nodes was found to be the optimum. The final evaluation reveals that the tree
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pruning increased the model out-of-sample accuracy to 67.23%. The final classification tree
is presented in Figure 1. The model consists of eight terminal nodes. It should be noted
that when the written condition (e.g., Other pedestrians waiting at the signalized crossing
s < 0.5) is being met, then the left branch is being followed, otherwise the right branch is
being followed.

Other pedestrians waiting at the crosswalks < 0,5

Number oflanes < 3,5 Other pedestrians waiting at the crosswalks <2.5

Age: 20-39, LO-SS, >65

Cross: 0 Wait: 1
88,1% Other pedestrians crossing the crosswalifs <35 \ 75.0%

No Distraction

| Wait: 1
No Distraction | 100.0%
Cross: 0
Cross: 0 Wait: 1
61.1% 87.5%

93.8% Cross: 0 | Wait: 1
70.5% 69.3%
Figure 1. Classification tree results.

It is clear that the number of other pedestrians crossing or waiting along with the
observed pedestrian are the most determining variables concerning decision-making. The
crossing decision is more likely when there are no pedestrians waiting, but there are other
pedestrians crossing the signalized crossings. Contrastingly, when pedestrians wait the
green sign to cross, they affect other pedestrians to adopt similar behaviors. All of the
under-nineteen-year-olds comply with the traffic light signals when other pedestrians wait
at the same signalized crossing. The main conclusions from the developed model are
summarized below:

e  The most prominent factor in adopting illegal behavior seems to be the behavior of
other pedestrians at the signalized crossing. Pedestrians, and especially the younger
ones, are significantly affected by other people’s behavior

e  The number of lanes is also of particular importance in decision making. Infringements
of pedestrian red signs are more frequent on narrow width roads

e Distracted pedestrians usually adopt more cautious behavior when crossing a road.

4. Conclusions
4.1. Comparison with the Literature and Recommendations

Pedestrians in Thessaloniki, Greece, found to cross illegally at a very high percentage.
More specifically, in approximately 7 out of 10 cases, pedestrians that arrived in the crossing
during the first five seconds of the pedestrian red-light phase, decided to cross illegally.
Very high percentages of illegal crossing have been also found in previous surveys, in
different contexts, i.e., in Korea (King et al. 2009), New Zealand (Wanty and Wilkie 2010),
China (Zhuang et al. 2018) and Singapore (Koh et al. 2014). Also, the descriptive statistics
of the observations showed that an important 21% was distracted during crossing.

The prediction model proves that pedestrians are more likely to cross when there
are no other pedestrians waiting for the green light, but there are other pedestrians that
cross illegally. This fact agrees with studies in Israel (Rosenbloom 2011) and China (Yang
et al. 2006), suggesting that illegal crossings encourage other pedestrians to adopt similar
behaviors. Concurring with Rosenbloom (2009, 2011), the model showed that the more
pedestrians wait for the green light, the lower the percentage of those who cross illegally.
This attests to the importance of social criticism among civilians proposed in (Hirschi and
Gottfredson 1994).

The classification tree also indicates that, as was found in previous studies, age is an
important variable in decision making. In our case, those who are aged under nineteen are
the most influenced by the behavior of other pedestrians.
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As in other European countries (de Lavalette et al. 2009), Canada (Cinnamon et al.
2011) and New Zealand (Cook and Koorey 2013), the number of the traffic lanes affects
illegal crossings in Thessaloniki. The majority of crossings, during the first five seconds of
the red-light phase, were conducted in roads with three or fewer traffic lanes.

Moreover, the results confirm previous research conducted in the UK (Ahuja et al.
2008), Australia (Oxley et al. 1997; Hatfield and Murphy 2007), the USA (Lamberg and
Muratori 2012; Neider et al. 2010; Thompson et al. 2013; de Lavalette et al. 2009) and
Canada (Schwebel et al. 2012), suggesting that pedestrians performing parallel activities
have a more cautious behavior and do not cross the street so often during the red-light phase.

Pedestrians’ behavior analysis is essential for creating safe and walkable cities. Analy-
ses such as the one presented in this paper can contribute to the formation of appropriate
policies and the implementation of measures (e.g., changes in traffic light cycles), that
promote pedestrian safety. What is more, the education of road users, especially of those of
younger ages, is extremely important and this can be understood through the observed phe-
nomenon in the case of Thessaloniki, that pedestrians tend to imitate the behavior (either
legal or illegal) of the others. Thus, it becomes clear that educational campaigns, targeted
to the appropriate audiences with the appropriate messages, can contribute significantly to
the cultivation of proper road behavior.

4.2. Limitations and Future Research

This study is subject to certain limitations, according to the methodology followed.
Different road characteristics, such as two-way streets, with or without traffic islands, and
left or right turns, may affect pedestrians’ decision making in a different way. In addition,
during the data collection, some of the pedestrians situated a few meters away from the
crossings were spotted running in order to cross the road within the first five seconds of
the red-light phase. Thus, some pedestrians make their decision to cross illegally before
arriving at the signalized crossings, affected by different, unknown variables. Therefore,
the precise time of the decision making remains unknown.

Future research includes the implementation of a similar survey, focused on two-way
streets. This will allow a comparative analysis between the two different road contexts,
which can lead to important conclusions that are related both with behavioral and road
design aspects.
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