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ABSTRACT: Pedestrians face difficulties when try-
ing to cross a road in the urban environment since they 
are exposed to vehicular traffic. One of the measures to 
overcome the problems in the case of multilane roads 
with high traffic volumes is the construction of foot-
bridges. However, pedestrians are not always in favor 
of footbridges for various reasons (e.g., excessive effort 
to use the footbridge, deviation from their scheduled 
route etc.). Thus, pedestrians often face a  dilemma, 
whether to use the footbridge or the signalized cross-
ing. In the framework of this paper an attempt has 
been made to examine the factors that influence the 
use of footbridges in the urban environment and the 
factors that influence the use of signalized crossings in 
the near area of the footbridge. The case study refers to 
a major arterial road with heavy traffic volumes in the 
city of Thessaloniki, Greece.   A statistical model was 
developed, quantifying the impact of quantitative and 
qualitative factors, as well as pedestrians’ social char-
acteristics on the frequency of using the footbridge. 
The study area included two signalized crossings and 
the footbridge. Pedestrians can choose either the foot-
bridge or the signalized intersections to cross the road. 
Counts were made concerning traffic volume, vehicle 
speed and pedestrian flow. A questionnaire- based sur-
vey including 130 interviewees was conducted among 
pedestrians referring to the three ways of crossing the 
road (2 level crossings and the footbridge). Almost 
half of the pedestrians (49%) stated that they never 
use the footbridge. Most of the responders (87%) con-
sider the footbridge very safe even though they do not 
use it. In the analysis made in this paper, an ordinal 
regression model was developed that utilizes question-
naire survey data and field measurements. The aim of 
the ordinal regression model is to investigate the vari-
ables affecting the operation of the footbridge through 
measuring the frequency of choosing the footbridge 
to cross the road. The model indicated that pedes-
trians aged between 25-39 years old have less possi-
bilities to cross using the footbridge. The odds ratio 

calculation revealed that interviewees who state that 
the footbridge is very easy to use are more likely to use 
the footbridge frequently compared to those who state 
that the footbridge is not at all or almost at all easy to 
use. The ordinal regression model predicted 0,2 times 
higher possibility to use the footbridge seldom when in-
terviewees say that their distance from the footbridge 
affects a little or a lot their crossing point decision. Fi-
nally, amongst other important outcomes, the model 
revealed that interviewees spotted on the footbridge 
are more likely to use it regularly, thus using the foot-
bridge is more a habit than a random act. Statistical 
models of this type may help researchers understand 
pedestrians’ attitudes better and potentially contrib-
ute to a far better design of new infrastructures or bet-
ter management of existing infrastructures, consider-
ing the user’s point of view.

KEYWORDS: Footbridge; signalized crossing; 
questionnaire-based survey; ordinal regression mod-
el; pedestrians

1. INTRODUCTION

The usage level of a  footbridge depends on a  com-
bination of variables affecting pedestrians crossing 
decision. According to a study that developed a logis-
tic regression model the decision regarding crossing 
mode was predicted by the frequency in which the 
footbridge is crossed, the perception of footbridge 
security in relation to crime, the perception of foot-
bridge safety about traffic conflicts, the proximity 
of the footbridge to the level crossing, and if the pe-
destrian had experienced an injury during a previous 
highway crossing (Oviedo-Trespalacios &  Scott-
Parker, 2017). The final choice whether to cross 
a footbridge or not, depends on the pedestrians’ per-



Page 38 of 51
ToTS Volume 11, Issue 3: pg37–pg51

Choosing footbridge or signalized crossing  
in an urban area: what triggers pedestrians?

ception of the advantages and disadvantages it may 
present. In the framework of the literature review 
findings, footbridges’ advantages and disadvantages 
are summarized below. 

1.1 Advantages of footbridges
•	 Safety. Pedestrians’ safety is a major issue 

worldwide due to high pedestrian death rates 
in road accidents. In 2011 China recorded 
15.562 pedestrian deaths which represent 
22.31% of all road accident deaths (Yordphol 
& Qian, 1994). NHTSA (2015) revealed 
that there were 5.376 pedestrian deaths 
which constitute 14% of all road accident 
deaths in USA during 2015. In Jordan every 
24 hours 11 pedestrians lose their lives due 
to car accidents, a number that constitutes 
30% of all road accident deaths (Abojaradeh, 
2013). According to Europa Eurostat, in 
2013 pedestrian deaths in Europe reached 
21.9% of all road accidents. During the same 
year, Netherlands recorded 3.0 pedestrian 
deaths per 1.000.000 residents, the lowest 
pedestrian death index in Europe; Romania 
documented the highest pedestrian death 
index, namely 36.3 pedestrian deaths per 
1.000.000 residents, while Greece listed 
13.7 pedestrian deaths per 1.000.000 
residents. The Netherlands presents extremely 
high density of roads, railway lines, and 
waterways, thus counts decades of experience 
building cycling and pedestrian bridges. 
The low pedestrian death index is a result of 
a wide range of policies and traffic calming 
implementation, better walking facilities, 
including footbridges, and urban design 
oriented to pedestrians (Pucher & Dijkstra, 
2003). According to Greek Traffic Police 
statistics, 739 deadly road accidents with 
796 victims out of which 128 were pedestrians 
took place in the country during 2015. This 
number illustrates 16% of pedestrian deaths 
in road accidents. Level signalized crossings 
that include traffic indicators, horizontal and 
vertical signaling are the most frequently 
chosen by pedestrians to cross a road. 
Pedestrians’ illegal crossing behavior is 
the main cause of road accidents (Wu et al. 
2014). Signalized crossings with unattractive 
surroundings, disadvantageous traffic light 

regulations for pedestrians, exceedance of 
speed limits by car drivers, red light running 
by car drivers are regarded as inconvenient 
and dangerous, thus pedestrians avoid to 
use them (Ausserer & Kaufmann, 2010). 
Footbridges constructed at urban roads 
and highways, contribute to safe crossings 
as pedestrians are not exposed to potential 
danger due to vehicle flow. Footbridges 
separate pedestrians from the road surface, 
creating crossings where pedestrians and 
vehicles do not interact. It must be mentioned 
at this point that although pedestrian safety is 
a crucial issue in the urban environment, it is 
not a desirable measure to build footbridges 
from the pedestrian`s perspective. In terms 
of sustainable mobility, the overall goal is the 
removal of vehicular traffic and the promotion 
of walking, cycling, micromobility and 
environment-friendly Public Transport modes. 
Therefore, the construction of a footbridge 
must not be the only option in urban areas for 
improving road safety level since sustainable 
mobility strategies in most cases offer the best 
approach to deal with the problem. Traffic 
calming measures for example offer a variety 
of options to deal with road safety problems 
in urban areas. We always must remember 
that streets primarily have to serve the needs 
of vulnerable road users and not the needs of 
vehicular traffic.

•	 Stable vehicle traffic flow. When the vehicle 
speed and the traffic volume are high, thus 
vehicle flow should not be interrupted, 
footbridge usage is suggested. According to 
ITE (1998), although road lights installation 
and traffic calming implementation contribute 
to promoting environmentally friendly 
means of transportation and safe road 
crossings for pedestrians, in some cases 
result in vehicle traffic flow interruption. 
Footbridges encounter the issue by separating 
vehicle and pedestrian traffic flow. Some 
pedestrians, despite having the option 
of using footbridges, prefer to use level 
crosswalks or to illegally cross the road 
(Híjar et al. 2003). A combination of different 
independent variables, such as environmental, 
socio-economic and traffic factors, affect 
pedestrians’ decision of the crossing point 
(Rosenbloom, 2009).
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1.2 Disadvantages of footbridges
•	 Walking distance and Travel time. Pedestrians 

decision concerning their route choice 
depends on the distance between their trip 
origin and destination, the available facilities, 
the surroundings, the conflicts with other 
road users, the trip purpose and the surface 
conditions (Fossum & Ryeng, 2019). The 
increase of the walking distance is a potential 
reason of pedestrians not using footbridges 
(Räsänen et al. 2007). Most pedestrians tend 
to choose the shortest path route between an 
origin and a destination (Shatu et al. 2019). 
Additional walking distance to cross a road 
over a footbridge is less appealing than using 
a signalized crossing when available (Cantillo 
et al. 1962). Moore (1953) studied footbridges 
and underground crossings in London locating 
that 80% of the pedestrians would choose the 
safest crossing if its travel time was equal to 
level crosswalk’s travel time. No pedestrian 
would use a footbridge if its travel time were 
1.5 times greater than a level crosswalk’s travel 
time (Moore & Older, 1965). On average, 
participants are willing to walk an additional 
2.4 minutes to use a signalized crossing and 
avoid using footbridges, due to the time and 
effort required to use it, and due to issues of 
personal security (Anciaes & Jones, 2018). 
A study conducted in Ankara city center 
found that only 6.3% of the pedestrians use 
a footbridge when a level crosswalk is located 
near the bridge (Räsänen et al. 2007).

•	 Inconvenience in use. FHWA (2006) stated 
that footbridge location should not cause 
pedestrians’ route deviation. The travel 
time and the convenience in use are the 
main criteria of choosing a crossing point 
(Zacharias, 2001). Inconvenience is an 
important factor that affects pedestrian 
behavior; the greater the inconvenience 
perceived by pedestrians, the larger the 
number of reported transgressive behaviors 
(Xu et al. 2018). In Beijing 2/3 of the 
pedestrians not using aboveground or 
underground crosswalks perceive walking 
up and down the stairs a tedious process 
(Yordphol & Qian, 1994). Landa-Blanco 
and Ávila (2020) suggested that 17.27% of 
Honduras’ public university students do not 
use the footbridge. Students perceive the 

signalized crossings more convenient and safer 
in use. The regression model revealed that 
being in a hurry, poor infrastructure conditions 
and pedestrians’ effort required for walking 
up and down the stairs reduce the footbridge’s 
usage rate. Questionnaire study in Jordan 
presented that 60% of the responders did not 
use the bridge due to travel time delays and 
inconvenience in use (Abojaradeh, 2013).

•	 Security. Footbridge usage rate depends on 
pedestrians’ personal safety perception and 
the frequency of its use. Footbridges impose 
a risk to personal safety (Sinclair & Zuidgeest, 
2016). Although exposed to fast- moving 
vehicles conflicts, pedestrians prefer to cross 
Cape Town freeways to avoid criminals. 
Conversely, in Thailand pedestrians feel secure 
to cross an eight-lane-road using a footbridge 
(Sangphong & Siridhara, 2014).

•	 Habits. The model developed revealed that 
footbridge’s level of usage depends on 
pedestrians’ habits. Pedestrians visiting 
Ankara city center regularly do not use the 
footbridge (Räsänen et al. 2007). Pedestrians 
familiarized with a certain crosswalk, are 
more prone to cross illegally in comparison 
to those crossing for the first time (Mitsutaka 
& Toshikazu, 2004). 

In the framework of this paper an attempt has 
been made to examine the factors that influence the 
use of footbridges in the urban environment and the 
factors that influence the use of signalized crossings 
in the near area of the footbridge. The case study 
refers to a major arterial road with heavy traffic vol-
umes in the city of Thessaloniki, Greece. A  statisti-
cal model was  developed, quantifying the impact of 
quantitative and qualitative factors, as well as pedes-
trians’ social characteristics on the frequency of us-
ing the footbridge. Statistical models of this type may 
help researchers understand pedestrians’ attitudes 
better and potentially contribute to a far better design 
of new infrastructures or better management of ex-
isting infrastructures, taking into account the user’s 
point of view.

2. METHODOLOGY

2.1 Description of the site 
The objective of the paper is to identify which and to 
what extend various factors (behavioral, infrastruc-
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ture and perceptional) are related to pedestrians’ 
decision of crossing or not crossing a  footbridge in 
the city of Thessaloniki, Greece. The population in 
the regional entity of Thessaloniki according to the 
2011 census is around 1,1 million inhabitants. The 
only Public Transportation system in the city for the 
moment are buses but a metro system is under com-
pletion. Modal split in the city is as follows (Thessa-
loniki, https://civitas.eu/content/thessaloniki): “The 
city has a  modal split of around 45% private cars, 
27% public transport, 12% pedestrians, 7% taxis, 6% 
motorcycles and 3% private buses”. According to the 
same source, around 1,6 million trips are made daily 
in the city.

The footbridge under examination was the one 
located at Megalou Alexandrou Avenue, a  coastal 
road on the eastern side of Thessaloniki, which is 
characterized by high pedestrian and traffic flows. 
The footbridge includes stairs and ramps for anode 
and cathode. Megalou Alexandrou Avenue consists 
of six traffic lanes, of which the two at the roadside 
edges are always occupied by illegally parked cars. 
The right traffic lane mainly serves Public Transpor-
tation busses. 

Signalized intersections, including signalized 
crossings, exist on both sides of the footbridge. The 
intersections’ distance equals to 115 meters. The 
first intersection (A-signalized crossing) is situated 
at Megalou Alexandrou Avenue and Agias Triados 
Street. The second intersection (B-signalized cross-
ing), situated at Megalou Alexandrou Avenue and 
Paraskevopoulou Street, has a  pedestrian call but-
ton system due to relatively lower pedestrian flows. 
It must be mentioned at this point that traffic lights 
in the specific road are coordinated. Figure 1 shows 
the footbridge at the coastal zone, Megalou Alexan-
drou Avenue and Agias Triados Street intersection 
and Megalou Alexandrou Avenue and Paraskevo-
poulou Street Intersection. Figure 2 shows A-signal-

ized crossing, B-signalized crossing and footbridge 
succession. 

2.2 Questionnaire based survey and counts
The methodological steps of the undertaken research 
included the literature review, the selection of the 
footbridge under examination, the Passenger Car 
Unit (PCU) and the Peak Hour Factor (PHF) calcu-
lation based on vehicle and pedestrian traffic flow 
counts. The 85th percentile speed (V85), the speed 
below which 85 percent of vehicles operate under 
free-flow condition on clean, dry road pavement, was 
calculated through vehicle speed measurements. The 

Figure 1. Footbridge; A-signalized crossing, B-signalized crossing (from left to right).

Figure 2. Succession of A-signalized crossing, B-signalized 
crossing and the footbridge.

https://civitas.eu/content/thessaloniki


Page 41 of 51
ToTS Volume 11, Issue 3: pg37–pg51

Choosing footbridge or signalized crossing  
in an urban area: what triggers pedestrians?

knowledge of the V85 is essential in the road safety 
investigation (Antonino et al. 2012). The pedestri-
ans’ revealed preferences based on the questionnaire 
survey, the data analysis and the regression model de-
velopment resulted in the conclusions of the present 
research. The methodological steps are presented in 
Figure 3.

Following the literature review and the selection 
of the footbridge under examination, calculations 
concerning traffic flows were carried out. It must be 
mentioned at this point that there were not many op-
tions in the city as far as the presence of a footbridge 
is concerned. The specific footbridge was selected 
due to the high traffic volumes and the high pedes-
trian volumes. The Megalou Alexandrou Avenue 
separates the coastal front from the built-up area of 
the city. The coastal front attracts a vast number of 
visitors (i.e., pedestrians, bicyclists) daily. In order 
to avoid the barrier effect, there are many signalized 
crossings along the Megalou Alexandrou Avenue but 
only one footbridge (the one which is examined in 
the framework of this paper). Pedestrian traffic flow 
counts conducted in A-signalized crossing, B-signal-
ized crossing and the footbridge, while vehicle traffic 
flow counts conducted in both signalized intersec-
tions. Then, PCU and PHF were calculated. Megalou 
Alexandrou Avenue presents uniform traffic flow, as 
the PHF equals to 0.93 and 0.95 for B-signalized and 
A-signalized intersections, respectively. The traffic 
composition analysis, based on the PCU, revealed 
that the majority of the vehicles driving through the 
intersections are private cars (86%); Public Trans-
portation busses (2%), motorcycles (6%) and trucks 
and semi-trucks (6%).  

To determine the 85th percentile speed (V85) at 
Megalou Alexandrou Avenue, 180 vehicle speeds 
captured by using the TRUSPEED SE METRIC de-
vice. Through linear interpolation V85 calculated at 

60.37km/h, while according to the respective signs 
the speed limit is 50 km/h. Based on the literature 
review findings, the possibility of a  fatal accident in 
head-on collision between a  vehicle and a  pedestri-
an, reaches 21% when the vehicle speed is 60 km/h 
(Richards, 2010). According to the British Depart-
ment of Transport, pedestrian fatality equals to 5% 
at 30 km/h speed limit, 45% at 50 km/h and 85% at 
65 km/h (Cohen et al., 1997; Hussain et al., 2019). It 
must be mentioned that while 50 km/h may be sur-
vival for adults and children, the same speed is likely 
to be fatal for elderly people. Additionally, a collision 
with a 60 km/h running vehicle corresponds to 90% 
elderly pedestrians’ fatality (Feliciani et al., 2020). 
Another study suggested that an 8 km/h increase in 
the speed limit is associated with 8% increase in pe-
destrian fatality on freeways and 4% on other roads 
(Farmer, 2016). An increase of 1 km/h at vehicle 
speed rises the odds of a pedestrian fatality by 11% 
(Hussain et al., 2019). A preferred multinomial logit 
model for the case of North Carolina revealed that 
the vehicle speed 80 km/h and above significantly in-
creases the probability of pedestrian fatalities (Chen 
& Fan, 2019).

A revealed preferences questionnaire was ran-
domly distributed to pedestrians crossing A- signal-
ized crossing, B- signalized crossing and the foot-
bridge. The design of the questionnaire was based on 
the experience of the researchers. The questionnaire 
structure aimed to provide comprehensible, easy-to-
understand and easy-to-answer questions. The sur-
vey was conducted from 11/07/2017 to 18/09/2017, 
by well-trained postgraduate students employing 
face-to-face interviews, thus achieving high response 
rate, reliability of the given answers and absence of 
missing values. Questionnaires distribution followed 
pedestrians’ distribution in the three different cross-
ings according to the pedestrian flow counts. Finally, 

Figure 3. Methodological steps of the undertaken research.
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Table 1. Descriptive statistics of the variables.

Description Values Measure Description Values Measure

First section Second section

Gender of 
interviewee

1: Male, 2: Female Nominal Crossing a signalized 
crossing

1: During green light phase, 
2: During red light phase, 3: Any 
time

Nominal

Age of 
interviewee

1: 18-24, 2: 25-39,  
3: 40-54, 4: 55-64, 5: >65

Ordinal Variables affecting 
crossings

1: Traffic volume, 2: Vehicles’ 
speed, 3: Number of pedestrians 
waiting the green light phase, 
4: Distance from crosswalk, 
5: Pedestrians’ traffic light phase, 
6: Vehicles’ traffic light phase, 
7: Inability to see passing vehicles

Nominal

Profession of 
interviewee

1: Employee, 2: Civil 
servant, 3: Freelancer, 
4: Unemployed, 
4: University student, 
6: Retired

Nominal Pedestrians’ green 
light phase duration 

1: Satisfying, 2: Not satisfying Nominal

Education of 
interviewee

1: Primary school, 
2: Secondary school, 
3: Highschool, 
4: University, 5: Masters, 
6: PhD

Nominal Awareness of 
pedestrians’ priority in 
signalized crossings

1: Yes, 2: No Nominal

Monthly 
income of the 
interviewee 
(thousand 
Euros)

1: 0-400, 2: 401- 800, 
3: 801- 1200, 4: 1201-
1600, 5: 1601-2000, 
6: >2000

Ordinal Crossing the road 1: From crosswalks, 2: Any other 
point

Nominal

Availability: 
private car, 
motorcycle, 
bicycle

1: Yes, 2: No Nominal Conflict experience as 
pedestrians

1: Yes, 2: No Nominal

Crossing point 1: A-signalized crossing, 
2: B- signalized crossing, 
3: Footbridge

Nominal Third section

Second section Easiness in using: 
A- signalized crossing, 
B- signalized crossing, 
Footbridge

1: Very, 2: A little, 3: Moderate, 
4: Almost at all, 5: At all

Ordinal

Travel profile 1: Pedestrian, 2: Pedestrian 
with stroller, 3: Pedestrian 
with child, 4: Cyclist, 
5: Cyclist with child

Nominal Time saving when 
crossing: A- signalized 
crossing, B- signalized 
crossing, Footbridge

1: A lot, 2: A little, 3: Moderate, 
4: Almost at all, 5: At all

Ordinal

Most used 
daily mode of 
transportation 

1: Private car, 
2: Motorcycle, 3: Bicycle, 
4: Public transportation, 
5: Walking, 6: Other

Nominal Safety when crossing: 
A- signalized crossing, 
B- signalized crossing, 
Footbridge

1: Very, 2: A little, 3: Moderate, 
4: Almost at all, 5: At all

Ordinal

>10minutes 
daily walking 
trips

1: None, 2: One, 3: Two, 
4: Three, 5: Four, 6: Five, 
7: Six, 8: Ten

Ordinal Distance from 
footbridge affecting 
the decision of 
crossing point

1: Very, 2: A little, 3: Moderate, 
4: Almost at all, 5: At all

Ordinal

Frequency 
of crossing: 
A- signalized 
crossing, 
B- signalized 
crossing, 
Footbridge

1: Every day, 2: 2-3 times 
per week, 3: Once per 
week, 4: 1-2 times per 
month, 5: Rarely, 6: Never

Ordinal Reasons of using the 
footbridge

1: Convenience in use, time 
saving, safety, 2: Stroll, 3: View, 
4: Photographs, 5: Other

Nominal
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130 valid questionnaires were collected, resulting 
in a  margin of error 8.59% at the significance level 
a=5% (Daniel, 1999; Naing et al., 2006). 

The questionnaire consisted of 23 questions al-
located in 3 sections. The first section contained 
7  questions regarding the socio-economic back-
ground of the interviewees; the second section con-
tained 11 questions illustrating the mobility profile 
of the interviewees and the third section contained 
5  questions indicating the easiness in using the 
three different crossings. Table 1 shows the 23 vari-
ables along with a  presentation of their measure-
ment scale.  

It must be mentioned at this point that the ques-
tion “if one violated a traffic rule and crossed at red 
lights” is subjected to the restrictions of social desir-
ability bias which plays a crucial role here since peo-
ple tend to hide their undesirable behavior. There-
fore, the respective results must be considered as not 
a precise representation of the actual behavior of the 
respondents.

3. DATA ANALYSIS

3.1 Descriptive statistics
The sample is well distributed regarding gender; 
most of the responders are aged between 25- 39 
(45%), while older aged pedestrians participated in 
lower percentages. Most of the participants are em-
ployees (32%), university students (23%) or freelanc-
ers (16%). A significant percent of the pedestrians is 
unemployed (12%). In almost equal percentages pe-
destrians have either university education or are high 
school graduates (41%), while fewer own master’s 
degrees. The monthly income median is 801- 1200 
€. More than half of the pedestrians have stated that 
they have access to a private car or a bicycle (55%), 
whereas only few of them own motorcycles (17%). 
Additionally, 55% of the pedestrians use B-signalized 
crossing, 26% A- signalized crossing and 19% the 
footbridge to cross Megalou Alexandrou Avenue.

Most of the interviewees were pedestrians (73%); 
some were pedestrians with strollers, children, or 
cyclists. Private cars, Public Transportation and 
walking are the most popular means of daily trans-
portation, while motorcycles or bicycles are less fre-
quently used. On average, pedestrians make three 
10-minute daily trips. People crossing B-signalized 
crossing every day are 15%, a  percentage slightly 
greater than A- signalized crossing (12%). Only one 

participant uses the footbridge every day; some pe-
destrians cross the footbridge rarely and almost half 
of them never cross it. None of the pedestrians cross 
the signalized crossings during the red-light phase. 
Most of the pedestrians wait the green light phase 
to cross (77%), while the rest of them cross anytime 
during the traffic signal cycle. The variables affect-
ing the crossing decision are the traffic light indica-
tor, vehicle speed and the traffic volume. More than 
half of the interviewees believe that pedestrians’ 
green light phase is satisfying when crossing Meg-
alou Alexandrou Avenue.  Most of the participants 
(89%) are aware of pedestrians’ priority when cross-
ing a signalized crossing according to the Highway 
Code regulations. Only 35% cross the Avenue using 
the signalized crossings, while 65% cross from any 
other random point on the road. Most of the inter-
viewees never had a  conflict experience as drivers 
with other pedestrians (97%). 

More than half of the interviewees believe that 
A-signalized crossing is “very” or “a little” easy to 
use; B-signalized crossing is “very” easy, and the 
footbridge is “a little” easy to use. Pedestrians per-
ceive “moderate” time saving when using A- sig-
nalized crossing, “a little” time saving when using 
B- signalized crossing and “a lot” time saving when 
using the footbridge. According to the interviewees, 
A- signalized crossing and B- signalized crossing 
are “a little” safe while the footbridge is “very” safe 
to cross. Half of the interviewees stated that their 
decision regarding the place of crossing the Avenue 
is not “at all” affected by their distance from the 
footbridge. Safety (60%) and stroll (26%) are the 
most frequently encountered reasons of using the 
footbridge. The variables and their frequencies are 
presented on Table 2.

3.2 Inferential statistics
Before the development of the “Frequency of cross-
ing the footbridge” model, a correlation matrix was 
developed to reveal possible relations among the 
variables. 

Considering the socio-economic characteristics 
of the interviewees, age (r=0.177, p< 0.05) is related 
to the frequency of crossing the footbridge.  The re-
sults show that younger aged interviewees tend to use 
the footbridge more frequently than the older ones.  
Regarding to the crossing point (r=-.307, p< 0.05), 
interviewees located at the footbridge when answer-
ing the questionnaire present higher possibility of 
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Table 2. Descriptive statistics of the variables.

Code Description Values Measure Code Description Values Measure

First section Second section

Gender Gender of 
interviewee

1: Male, 2: Female 1: 40.00%, 
2: 60.00%

Ped_gr_ph Pedestrians’ 
green light 
phase duration 

1: Satisfying, 
2: Not 
satisfying

1: 52.83%, 
2: 47.17%

Age Age of 
interviewee

1: 18-24, 2: 25-39, 
3: 40-54, 4: 55-64, 
5: >65

1: 24.62%, 
2: 45.36%, 
3: 15.39%, 
4: 10.00%, 
5: 4.63%

Aw_ped_pr Awareness of 
pedestrians’ 
priority in 
signalized 
crossings

1: Yes, 2: No 1: 89.23%, 
2: 10.77%

Profession Profession of 
interviewee

1: Employee, 2: Civil 
servant, 3: Freelancer, 
4: Unemployed, 
5: University student, 
6: Retired

1: 32.31%, 
2: 7.69%, 
3: 16.15%, 
4: 12.31%, 
5: 23.08%, 
6: 8.46%

Cross_road Crossing the 
road

1: From 
crosswalks, 
2: Any other 
point

1: 34.62%, 
2: 65.38%

Education Education of 
interviewee

1: Primary school, 
2: Secondary school, 
3: Highschool, 
4: University, 
5: Masters, 6: PhD

1: 1.54%, 
2: 1.54%, 
3: 40.77%, 
4: 42.31%, 
5: 10.77%, 
6: 3.07%

Conf_ped Conflict 
experience as 
pedestrians

1: Yes, 2: No 1: 6.20%, 
2: 93.80%

Income Monthly 
income of the 
interviewee 
(thousand 
Euros)

1: 0-400, 2: 401-800, 
3: 801-1200, 4: 1201-
1600, 5: 1601-2000, 
6: >2000

1: 15.38%, 
2: 29.23%, 
3: 20%, 
4:11.54%, 
5: 6.92%, 
6: 16.93%

Conf_
driver

Conflict 
experience as 
drivers with

1: Vehicle, 
2: Motorcycle, 
3: No

1: 1.28%, 
2: 1.28%, 
3: 97.44%

Av_pc Availability: 
private car,  

1: Yes, 2: No 1: 55.38%, 
2: 44.62%

Third section

Av_mc motorcycle, 1: Yes, 2: No 1: 16.92%, 
2: 83.08%

Easiness_A Easiness 
in using: 
A- signalized 
crossing, 

1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 34.62%, 
2: 20.00%, 
3: 27.69%, 
4: 15.38%, 
5: 2.31%

Av_bc bicycle 1: Yes, 2: No 1: 43.08%, 
2: 56.92%

Easiness_B  B- signalized 
crossing,

1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 56.25%, 
2: 15.63%, 
3: 27.34%, 
4: 0.78%, 
5: 0.00%

Cross_
point

Crossing point 1: A-signalized 
crossing,  
2: B- signalized 
crossing, 
3: Footbridge

1: 26.15%, 
2: 55.38%, 
3: 18.47%

Easiness_
Fb

Footbridge 1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 42.06%, 
2: 13.49%, 
3: 23.81%, 
4: 11.90%, 
5: 8.74%

Second 
section

Time_
Sav_A

Time saving 
when crossing: 
A- signalized 
crossing, 

1: A lot, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 19.23%, 
2: 26.92%, 
3: 31.54%, 
4: 13.85%, 
5: 8.46%

Trv_prof Travel profile 1: Pedestrian, 
2: Pedestrian with 
stroller, 3: Pedestrian 
with child, 4: Cyclist, 
5: Cyclist with child

1: 73.08%, 
2: 9.23%, 
3: 9.23%, 
4: 7.69%, 
5: 0.77%

Time_
Sav_B

B- signalized 
crossing, 

1: A lot, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 35.93%, 
2: 28.90%, 
3: 28.13%, 
4: 3.91%, 
5: 3.13%
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Code Description Values Measure Code Description Values Measure

Mode_trsp Most used 
daily mode of 
transportation 

1: Private car, 
2: Motorcycle, 
3: Bicycle, 4: Public 
transportation, 
5: Walking, 6: Other

1: 31.54%, 
2: 7.69%, 
3: 7.69%, 
4: 27.69%, 
5:24.62%, 
6: 0.77%

Time_Sav_
Fb

Footbridge 1: A lot, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 36.51%, 
2: 10.32%, 
3: 23.02%, 
4: 17.45%, 
5: 12.70%

Walk_trip >10minutes 
daily walking 
trips

1: None, 2: One, 
3: Two, 4: Three, 
5: Four, 6: Five, 7: Six, 
8: Ten

1: 7.69%, 
2: 12.31%, 
3: 33.85%, 
4: 16.92%, 
5: 15.38%, 
6: 6.92%, 
7: 4.62%, 
8: 2.31%

Safety_A Safety when 
crossing: 
A- signalized 
crossing, 

1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 24.62%, 
2: 28.46%, 
3: 34.62%, 
4: 8.46%, 
5: 3.84%

Freq_A Frequency 
of crossing: 
A- signalized 
crossing, 

1: Every day, 
2: 2-3 times per 
week, 3: Once per 
week, 4: 1-2 times 
per month, 5: Rarely, 
6: Never

1: 11.63%, 
2: 22.48%, 
3: 8.53%, 
4: 9.30%, 
5: 17.83%, 
6: 30.23%

Safety_B B- signalized 
crossing, 

1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 32.03%, 
2: 41.41%, 
3: 21.88%, 
4: 3.12%, 
5: 1.56%

Freq_B B- signalized 
crossing,

1: Every day, 
2: 2-3 times per 
week, 3: Once per 
week, 4: 1-2 times 
per month, 5: Rarely, 
6: Never

1: 15.38%, 
2: 28.46%, 
3: 14.62%, 
4: 6.92%, 
5: 16.93%, 
6: 17.69%

Safety_Fb Footbridge 1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 87.30%, 
2: 4.76%, 
3: 3.17%, 
4: 3.18%, 
5: 1.59%

Freq_Fb  Footbridge 1: Every day, 
2: 2-3 times per 
week, 3: Once per 
week, 4: 1-2 times 
per month, 5: Rarely, 
6: Never

1: 0.77%, 
2: 5.38%, 
3: 7.69%, 
4: 6.92%, 
5: 30.00%, 
6: 49.24%

Distance Distance from 
footbridge 
affecting the 
decision of 
crossing point

1: Very, 
2: A little, 
3: Moderate, 
4: Almost at 
all, 5: At all

1: 16.92%, 
2: 16.92%, 
3: 5.38%, 
4: 10.00%, 
5: 50.78%

Cross_sc Crossing 
a signalized 
crossing

1: During green light 
phase, 2: During red 
light phase, 3: Any 
time

1:76. 92%, 
2:23.08%, 
3: 0.00%

Reasons Reasons of 
using the 
footbridge

1: Conveni-
ence in use, 
time saving,  
safety, 
2: Stroll, 
3: View, 
4: Pho-
tographs, 
5: Other

1: 60.00%, 
2: 26.15%, 
3: 8.46%, 
4: 2.31%, 
5: 3.08%

V_cross Variables 
affecting 
crossings

1: Traffic volume, 
2: Vehicles’ speed, 
3: Number of 
pedestrians waiting 
the green light phase,  
4: Distance 
from crosswalk, 
5: Pedestrians’ 
traffic light phase, 
6: Vehicles’ traffic 
light phase, 
7: Inability to see 
passing vehicles

1: 18.10%, 
2: 21.80%, 
3: 2.70%, 
4: 5.30%, 
5: 42.60%, 
6: 2.10%, 
7: 7.40%
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crossing the bridge frequently in their everyday lives; 
those found at A- signalized crossing or B- signalized 
crossing do not use the footbridge often.

Significant correlations were found between 
the convenience and the frequency of crossing 
the footbridge. Interviewees perceiving high easi-
ness (r=0.329, p< 0.05) and time saving (r=0.225, 
p< 0.05) when using the footbridge tend to use it 
regularly. Interviewees stated that their distance from 
the footbridge affects their decision of the crossing 
point appear to use the signalized crossings frequent-
ly. Finally, the frequency of using the footbridge is as-
sociated with the reasons of crossing it, namely the 
convenience/time saving/safety, stroll, to take photo-
graphs of the nice view from the footbridge or other 
reasons.

4. REGRESSION MODELLING 

The model developed aims to investigate which and 
to what extent factors affect the operation and the 
decision of crossing Megalou Alexandrou Avenue 
using the footbridge. The dependent variable chosen 
was the ordinal factor “Frequency in using the foot-
bridge”, hence the model built was an ordinal regres-
sion model. In ordinal regression model the event of 
interest is observing a particular score or less. For the 
case of the ordinal dependent variable “Frequency 
in using the footbridge” including j=6 categories the 
following odds are modeled:

θi= prob (score of i )/ prob(score greater that i), 
where i=j-1

The ordinal regression model for a  single inde-
pendent variable is then:

ln(θj)= αj-βΧ

The positive coefficient in the predictor variable, 
means that higher coefficients indicate an associa-
tion with the first category of the dependent variable; 
the negative coefficient means lower coefficients in-
dicate an association with the first category.

Due to the fact that SPSS software, used for cre-
ating the model, automatically uses the last class as 
a  reference category when applying ordinal regres-
sion, it was deemed necessary to re-code the nominal 
and ordinal independent variables so that the refer-
ence category collects a relatively high number of re-

sponses. Considering the literature review findings, 
inferential statistics results and several “try and er-
ror” tests, the variables shown in Table 3 were finally 
included in the model.

Table 3. Model variables and reference categories.

Variable Reference Category

Frequency of crossing the 
footbridge

-

Age of interviewee 25- 39

Easiness in using the footbridge Very

Time saving when crossing the 
footbridge

A lot

Distance from footbridge affecting 
the decision of crossing point

At all

Crossing point B-signalized crossing

The overall fitting indicates table reveals that the 
proposed model fits the data well and it is appropriate 
for estimations. The Model Fitting Information indi-
cates a  statistical improvement; the performed test 
compares the -2LL of the baseline (intercept only) 
that do not contain any independent variables and the 
final model. The result of the p-value (Sig.< 0.001) 
reveals a significant improvement as the final model 
is outperforming the Null. The Goodness-of- Fit sug-
gests that the data are consistent with the model as-
sumptions since the significance value (p-value) is 
greater than 0.05. The Nagelkerke R-Square reveals 
that the final model can explain approximately 41.6% 
of the variance. Finally, the Test of Parallel Lines indi-
cates that the regression coefficients are not the same 
for all the six categories of the dependent variable 
(p-value<0.05). Table 4 presents the overall fitting 
indicates.

Table 4. Overall fitting indicates for the ordinal model.

Model Fitting Information

Model -2 Log 
Likelihood

Chi-
Square

df Sig.

Intercept Only 299,948

Final 239,079 60,869 22 ,000

Goodness-of-Fit

Chi-
Square

df Sig.

Pearson 383,764 386 ,523

Deviance 221,300 386 1,000
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Pseudo R-Square

Cox and Snell ,383

Nagelkerke ,416

McFadden ,189

Test of Parallel Lines

Model -2 Log 
Likelihood

Chi-
Square

df Sig.

Null Hypothesis 239,079

General 179,765 59,314 66 ,707

The following Table 5 presents the parameter 
(beta) estimates, the standard error (S.E.), the 
Wald statistic, the significance level as well as the 
lower and the upper bound with 95% confidence 
interval.

The ordinal regression model interpretation is 
based on the odd ratio results presented on Table 6. 
The odds ratios results refer to significant correla-
tions between the statistically significant intervals of 
independent variables (Sig. < 0,05) and their refer-
ence categories. 

Table 5. Parameter estimates for the ordinal regression model.

95% Confidence Interval

Estimates S.E Wald df Sig. Lower Bound Upper Bound

Threshold [Freq_Fb = 2] -4,308 ,646 44,477 1 ,838 ,004 ,048

[Freq_Fb = 3] -3,052 ,533 32,807 1 15,186 ,017 ,134

[Freq_Fb = 4] -2,469 ,511 23,348 1 . ,031 ,230

[Freq_Fb = 5] -,555 ,459 1,459 1 ,227 ,234 1,412

Location [Age=1] ,423 ,521 ,660 1 ,416 ,550 4,234

[Age =2] 1,093 1,235 ,783 1 ,376 ,265 33,571

[Age =3] ,554 ,627 ,780 1 ,377 ,509 5,948

[Age =4] 1,766 ,741 5,684 1 ,017 1,369 24,996

[Age =5] 0a . . 0 . . .

[Easiness_Fb=1] 3,098 1,435 4,663 1 ,031 1,331 368,340

[Easiness_Fb =2] ,408 ,750 ,296 1 ,586 ,346 6,533

[Easiness_Fb =3] ,588 ,608 ,935 1 ,334 ,546 5,934

[Easiness_Fb =4] 1,837 ,881 4,353 1 ,037 1,118 35,293

[Easiness_Fb =5] 0a . . 0 . . .

[Time_Sav_Fb=1] -1,786 1,036 2,970 1 ,085 ,022 1,278

[Time_Sav_Fb =2] -,831 ,7338 1,284 1 ,257 ,103 1,834

[Time_Sav_Fb =3] -1,258 ,625 4,056 1 ,044 ,084 ,967

[Time_Sav_Fb =4] -1,190 ,745 2,552 1 ,110 ,071 1,310

[Time_Sav_Fb =5] 0a . . 0 . . .

[Distance_Fb=1] ,402 ,648 ,386 1 ,535 ,420 5,324

[Distance_Fb =2] -1,340 ,542 6,115 1 ,013 ,091 ,757

[Distance_Fb =3] -2,003 ,877 5,224 1 ,022 ,024 ,752

[Distance_Fb =4] -1,245 ,606 4,216 1 ,040 ,088 ,945

[Distance_Fb =5] 0a . . 0 . . .

[Cross_point=1] -,430 ,470 ,838 1 ,360 1,634 1,634

[Cross_point =2] -2.221 ,570 15,186 1 ,000 ,332 ,332

[Cross_point =3] 0a . . 0 . . .

a Parameter is set to zero because it is redundant.
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Table 6. Odds ratio results.

Variable Intervals Odds ratios

Age 55-64

25-39 (reference category) 5,850

Easiness_Fb At all 22,143

Very (reference category)

Almost at all 6,281

Very (reference category)

Time_Sav_Fb Moderate 0,284

A lot (reference category)

Distance_Fb A little 0,262

Not at all (reference 
category)

Moderate 0,135

Not at all (reference 
category)

A lot 0,288

Not at all (reference 
category)

Cross_point Footbridge 0,108

B-signalized crossing 
(reference category)

The above table reveals that interviewees aged 
between 25-39 have almost 6 times greater possibil-
ity not to cross the footbridge in comparison to those 
aged 55-64 who cross the Avenue using the foot-
bridge more often.

Concerning the easiness, interviewees stated that 
the footbridge is “very” easy to use present 22 times 
and 6 times higher possibility to use the footbridge, 
compared to those stated not “at all” and “almost at 
all” easy to use respectively. Additionally, pedestrians 
that perceived “a lot” time saving are more prob-
able to use the footbridge in contrast to others stated 
“moderate” time saving.   

Interviewees stated that the distance from the 
footbridge affects “a little” or “a lot” their decision- 
making present approximately 0,2 times higher pos-
sibility not to use the footbridge frequently, while 
pedestrians stated “moderate” have about 0,1 times 
greater possibility not to use the footbridge. Finally, 
interviewees located on the footbridge while filling the 
questionnaire meet approximately 0,3 times greater 
possibility of using the footbridge often, compared to 
interviewees located on B-signalized crossing.

The mathematical expression of the ordinal re-
gression model and the determination of the frequen-
cy of crossing the footbridge is: 

Ln(Freq_Fb) = 1,766 * age_55-64 + easiness_fb_
at_all * 3,098 + easiness_fb_almost_at_all * 1,837 – 
time_sav_fb_Moderate * 1, 258 – distance_fb_a_little 
* 1,340 – distance_fb_moderate * 2,003– distance_
fb_a_lot* 1,245– Cross_point_footbridge * 2,221

It must be mentioned at this point that there is 
a  big chance that repeating the study would result 
in another mathematical expression. Therefore, this 
mathematical expression must be treated with ex-
treme caution.

5. DISCUSSION AND CONCLUSIONS 

The authors of the paper strongly believe that pedes-
trian bridges, tunnels or crossing lights are an anom-
aly in city design; an ideal city should not need any of 
these elements. However, we have considered that it 
will be worthwhile to try to understand the pedestri-
ans’ point of view as far as a footbridge is concerned. 
We think that lessons learned must guide us in our 
future steps by avoiding possible unnecessary deci-
sions. A  footbridge should be constructed in a  way 
that it does not impose extra burdens on the shoulder 
of the pedestrian, like insecurity, chance of sliding, 
tripping or falling, and should be suitable for people 
with a handicap.

The analysis of the collected questionnaires re-
vealed that most of the interviewees, namely 87,3%, 
describe the footbridge “very” safe to cross and 
21,8% that the 60.61km/h vehicle speed affects their 
crossing behavior. Although based on the above 
evidence pedestrians were expected to use the foot-
bridge to cross Megalou Alexandrou Avenue, ac-
cording to the undertaken research 49.23% of the 
interviewees never cross it.  The frequency of cross-
ing the Avenue using the footbridge depends on pe-
destrians’ age, their perception of easiness and time 
saving, their distance from the footbridge and finally 
the crossing point located.

Based on the literature review findings, pedestri-
ans’ distance from a footbridge in combination with 
the increase of the walking distance leads to longer 
path routes, thus encounter as reasons of not choos-
ing the footbridge.  Especially when signalized cross-
ings are located nearby a  footbridge, it seems that 
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pedestrians tend to use level crossings. The present 
research confirms the above-mentioned fact as the 
ordinal model reveals that pedestrians taking un-
der consideration the distance is more likely not to 
choose the footbridge but a  signalized crossing in-
stead. Greater distances lead to increase of the travel 
time requiring more effort hence affecting the easi-
ness of use. Easiness in using a  footbridge is a  sig-
nificant aspect affecting pedestrians’ behavior. This 
research confirms that pedestrians who perceive the 
crossing of the footbridge very easy, use the foot-
bridge frequently in their daily lives. Contrariwise, 
those who stated that the footbridge is not at all easy 
to use do often use the footbridge. The under-study 
footbridge is often considered by the pedestrians in 
the area as a “touristic attraction, a place with a nice 
view, a  place where someone can take nice photo-
graphs”. This has no consequences for the design of 
the specific footbridge. However, if such an attitude 
from the pedestrians could be anticipated, the design 
process of a pedestrian bridge could include elements 
to facilitate such visits. Moreover, this research sub-
stantiates the fact that when pedestrians perceive 
time saving in using the footbridge it is more likely to 
use the footbridge regularly.   Additionally, the find-
ings of the present research comply with the findings 
of the literature review, namely that choosing a foot-
bridge over a  signalized crossing is a  habit and not 
a random act. 

Although literature review suggests that personal 
safety is important, for the case of Megalou Alexan-
drou footbridge this coefficient is trivial. It is possible 
that pedestrians feel secure when crossing the foot-
bridge due to its location near the city center of Thes-
saloniki and the high vehicle and pedestrian traffic 
flow in the coastal zone. Finally, age variable resulted 
in significant correlation with the frequency of using 
the footbridge. The ordinal regression model proved 
that older pedestrians choose the footbridge more 
frequently in contrast to younger ones. 

Footbridge level of usage is not satisfying. Correc-
tional interventions including bridge cleaning, con-
struction maintenance and lighting installation may 
contribute to promoting its usage. 

The undertaken research is subject to certain 
limitations. One of the basic limitations in the survey 
has to do with the absence of data concerning mobil-
ity restrictions. There was not any question included 
in the questionnaire-based survey about this impor-
tant issue. The authors intent to focus on this issue 
in a  future continuation of their research. Because 

this investigation concerns only one situation under 
one condition (footbridge also used by bicyclists, 
two signalized crossings), reliability as well as va-
lidity is at stake. For example, a question is whether 
repeating the study in other conditions (time of year 
and day, weather) would reveal the same results. We 
also don’t know if the sample studied is representa-
tive for the population in this area. Therefore, the au-
thors believe that this study can only be considered 
as an explorative study, to be followed by more stud-
ies, before firm conclusions can be drawn. Because 
most data are on nominal level, statistics has to be 
used with caution. Additionally, the ordinal regres-
sion model and the produced mathematical expres-
sion is applicable for the case of the footbridge lo-
cated in Megalou Alexandrou Avenue. Footbridge’s 
location, may result in different variables affecting 
the decision making of choosing a  crossing point. 
A footbridge situated at a place other than the urban 
center may be addressed differently. Hence, the vari-
ables affecting the frequency of using a  footbridge 
may vary as well. 

The next steps could lift the existing constraints. 
Footbridge’s constructional characteristics may af-
fect pedestrians’ decision of crossing it. The study of 
footbridges with elevators may alternate the results. 
The footbridge examined in the present research was 
situated between two signalized crossings. The ab-
sence of level crossings may boost the frequency of 
choosing a footbridge. Finally, studying the crossings 
during different weather conditions and time of the 
year may result in different interpretation. 

The results presented in this paper, the method-
ology and the tools used, are of primary importance 
for policy makers and local authorities who already 
operate or are planning to operate a new footbridge. 
To have an efficiency investment, such as analysis re-
garding the targeted population as well as the inter-
ventions needed to increase the potential of walking 
should be carefully investigated. 

In any case, the construction of a  footbridge is 
a rather expensive option. Such a decision in terms of 
Cost-Benefit Analysis (CBA) has to take into account 
a  number of quantitative (e.g. cost) and qualitative 
(e.g. comfort) factors. In addition, a Multiple-Crite-
ria Decision Analysis (MCDA) must be performed 
including all possible stakeholders. The environ-
mental evaluation of the impacts of a  footbridge 
also plays a crucial role in any decision taken by the 
respective authorities. The design and implementa-
tion of Sustainable Urban Mobility Plans (SUMPs) 
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offer the framework within which decision making 
and taking about the construction of a  footbridge 
can be adequately examined and evaluated. Authori-
ties need to formulate their strategies and policies 
about pedestrian infrastructure by considering first 
and above all the user needs (at this point, the use 
of stated and revealed preferences surveys is of great 
importance). It is well known that demand may never 
automatically appear in such an infrastructure unless 
the above-mentioned methodological steps were fol-
lowed. There are basic questions need to be answered 
before any decision will be taken. Do we really need 
the footbridge? Who is going to use it? Why? How 
often? Under which preconditions? Do we firstly 
make an exhaustive analysis of alternative solutions 
in terms of sustainable mobility? The findings of this 
research can be used as input data to the provision of 
answers to the above-mentioned questions.
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