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Abstract: Current mobility strategies tend to pursue sustainable solutions with low environmental
and economic impact, such as the disincentive to the use of private vehicles. Mobility on foot is
among the most advantageous forms for short distances, especially if different technological and
infrastructural solutions are inserted in the urban context such as underpasses that limit the likely
conflicts with motor vehicles. These solutions, however, are not easily perceived as positive because
people often do not like to change their usual routes or because they feel psychological discomfort
when they pass through closed places. This research work focuses on the evaluation of the benefits
of including a small underpass in the city of Rijeka, Croatia and through an Analytical Hierarchy
Process (AHP), a multi-criteria analysis, it was possible to prioritize a number of decision-making
alternatives, related to qualitative and quantitative evaluations, otherwise not directly comparable,
and combining multidimensional measurement scales into a single priority scale. This analysis allows
to provide cues for local and non-local urban planning, encouraging through the participatory form
an active comparison between the population and local authorities and at the same time allows to
assess which multidisciplinary processes (psychological/engineering) are possible to put in place to
encourage the research on pedestrian behavior.

Keywords: pedestrian mobility; AHP method; itineraries selection; sustainable mobility;
pedestrian behavior

1. Introduction

The increase of pedestrian mobility and studies related to urban spaces to facilitate accessibility
and walkability is defined as a sustainable strategy for the smart and inclusive growth of cities in
perfect harmony with what is enshrined in [1].

The definition of strategies to be adopted at the local level must place particular importance on
the bottom-up approach both through participatory planning and through the implementation of the
Urban Agenda [2,3].

Walking has recently been one of the most popular forms of mobility proposed in many urban
plans and in the new concept of sustainable mobility. It is the most economic form of transport
especially for short-haul distances (<1 km). Services and infrastructures often facilitate and simplify
the mobility of people with disabilities or the elderly. Empirical data are often acquired through video
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cameras or sensors and processed in well-known flow allocation models to study the behavior of
pedestrians and identify their preferences [4–6].

In literature there are several works related to the choice of itineraries. According to [7], the
influence of the variables [8] that describe the visual aspect of the urban landscape can influence the
choices of the route and outline the positive role of the urban atmosphere linked to the commercial
function of the roads.

Several variables in this context can be analyzed and are in general related to the user’s
behavioral [9] and perceptual aspects [10] both in terms of safety and usability of the places, i.e.,
ease in being able to walk around them, especially in shared spaces [11,12]. From the point of view
of infrastructure, it is necessary to be able to recognize areas or lanes dedicated to pedestrians and
the presence of traffic mixing (pedestrians with cyclists or cars). It is also essential to define specific
index or variables in order to avoid phenomena that can produce reduced safety and low comfort. In
particular, pedestrian’s safety is analyzed through interviews by the distribution of questionnaires
but also through micro-simulation tools that allow to evaluate the Level of Service of the confined or
extensive infrastructure such as Pedestrian Level of Service (PLOS) [13]. The assessment of safety and
the reduction of the possibility of collisions with vehicular flows is analyzed by defining surrogate
parameters on pedestrian trajectories in accordance with [14,15]. The tracking of the pedestrians
and therefore the definition of the trajectory and the choice of the routes can be facilitated using
technology. This can make the modal choices of the user more understandable. Different technologies
and applications on smartphones and tablets allow the analysis of the trajectories through GPS systems
and permit the furnishing of information to the user regarding the best route available, varying the
places and reasons for moving [16]. The geographic information system platforms (GIS) could be very
effective for understanding the spatial aspects of walkable spaces such as distances, densities, points
of interests, and so on by themselves or integrated with other tools [17–20]. Generally, improving
parameters such us speed and safety is fundamental to structure a city friendly for walking.

This can be pursued by introducing both motor vehicle travel restrictions and space reallocation,
but road pricing must also be combined with the effort that many countries and cities attempt to
achieve through the restriction of motor vehicle travel in urban areas. On the other hand, there is a
risk that this restrictive approach can actually have a detrimental impact, especially for elderly people,
persons with disabilities, and persons with chronic illnesses or otherwise vulnerable users such as
parents with strollers [21–23].

It is also necessary to support strategies to reduce speed and volume. The traffic speed and
volume are major determinants of whether people choose to walk or cycle, how safe they feel, and
how possible it is to let their children walk [24,25]. Speed limits of 20 miles per hour are now visible in
many cities, along with the closure of school streets and the expansion of low-traffic neighborhoods,
which use modal filters to limit the travel speed in residential neighborhoods, and reduce volume and
speed while promoting walking and cycling [26].The definition of safe and comfortable environments
for walking is another element to analyze [22]. It is not enough to limit the use of the car and reduce
the dominance in cities, but it is also essential to invest in improving the pedestrians’ environment.

Cities must increase people’s desire to walk by creating attractive, safe, and direct pedestrian
networks that are viable alternatives to the use of private vehicles [27–29]. Therefore, pedestrian
networks play a fundamental role in connecting urban, residential, commercial, educational, and
recreational centers. Accessibility and walkability within different urban areas enables strategies to
be pursued that encourage resilient mobility, i.e., the ability to adapt to sudden events, useful for
mitigating the impacts of catastrophic and pandemic events [30–32].

The implementation of some actions, strategies, and policies that can be considered as tactical
urbanism and the planning of green infrastructures within the urban context allow to improve the
usability of spaces for pedestrians [33].

These actions can be of different types; for example, they can start from the bottom up and not
be regulated or they can refer to top-down actions decided by the municipal administration and by
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technicians or middle streets that see the support of local policy and the involvement of citizens and
the territory.

In this way, tactical urbanism makes it possible to carry out projects for the modification of public
spaces that are temporary and of an experimental nature with a high communicative value [34,35].

Today’s pedestrian mobility is encouraged by local and community policies in order to reduce
the use of vehicles. Considering also that the European population is characterized by 20% of people
being over the age of 65, many administrations are trying to make the routes more comfortable and
safer by using underpasses or overpasses and thus reduce the potential of conflicts with the vehicular
flow. Mobility is also facilitated by the inclusion of mechanized systems such as stairs, elevators, or
treadmills in order to improve accessibility in these areas. On the other hand, the use of underpasses
is not often positively perceived by people as they do not like changing their habitual routes or they
experience psychological distress when they pass through closed places.

The speed of pedestrians, the perception of users, and the geometric-functional evaluation are
useful parameters for the planning of pedestrians’ structure. During the last few years, it has been quite
difficult for designers to understand the relationship between the characteristic pedestrian flow and the
pedestrian movement using only their experience and their senses. Interactions between pedestrians
are difficult to understand and often the presence of closed or small spaces alters their behavior.

The planning and the design of spaces in which pedestrians can be moving as they do in streets
and squares must be considered as certain parameters in order to increase the perception of safety in
users and therefore to make them more usable. Among these parameters, streets are the spontaneous
surveillance that increases the offender’s apprehension given by the risk of being seen by people [36].

This is achieved by maximizing visibility and developing positive social interactions between
legitimate users of private and public space. In this way, potential offenders experience increased
control and limitations on their potential escape routes.

Another variable to be attenuated is the natural access control that limits the opportunities for
criminal behavior by clearly differentiating public and private spaces. This is achieved by intervening
on lighting, inserting selective entrances and exits, fencing, and creating large spaces that restrict access
or generate a controlled flow.

Finally, the natural territorial reinforcement promotes social control by increasing the definition of
spaces and the perception of private property. This can be achieved by using buildings, fences, flooring,
signs, lighting, and landscape to express property and define public, semi-public, and private spaces.
More specifically, this research tries to analyze the key components that influence the behavior of
pedestrians, in particular their attitude, perceptions, motivations, behavior, and habits by implementing
a comparison through an Analytical Hierarchy Process (AHP) approach. Therefore, the present work
starts from a literature review related to the estimation of the propensities of weak road users to the
use of roads with underpasses or high walkability. Generally, the possibility to walk in an urban
context depends on the interactions between pedestrians, infrastructure, and context, as represented in
Figure 1.
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Figure 1. Description of variables related to walkability concept.

Several examples of pedestrian or mixed infrastructure are presented in the literature: think for
example of sidewalks or pedestrian lanes within the same road superstructure but often refers to the
use of shared space within urban areas in order to accustom pedestrians but also cyclists to mutual
respect and sharing space [37].

The research is therefore aimed at analyzing and comparing different pedestrian routes in order to
understand which of them can define a unitary, fluid, safe, and quality road space, where all road users
can live together in appropriate and attractive conditions. The objectives of the comparison carried out
by this study has allowed to

- improve the functionality and attractiveness of the road space, separating in some cases the
different pedestrian/vehicular currents

- improve the safety (objective and subjective) of all road users: pedestrians, cyclists, motorists;
- improve the fluidity of pedestrian flows and other types of vehicles—reduce atmospheric emissions

and noise.

The evaluation of different qualitative and quantitative parameters related to the perception of
the itineraries and to the measurement of their level of service but also to their frequency of use must
be analyzed by choosing appropriate methods. The present work focuses on the multicriteria analysis
via AHP method.

The creation of open spaces where people can spend time and visit attractions makes it easier to
walk in different cities. In addition to good walking routes and discouraging other modes of travel,
people also need a reason to walk to or through an area or to stay in a place [22,38,39]. The possible
conflicts between pedestrians and other traffic components must be minimized by considering the
creation and management of underpasses. The search for walking routes is also essential to promote
walking in the city. To ensure that, pedestrians’ networks are easy to navigate and comfortable for
everyone [40].

It is essential to create sustainable public transport networks in cities as an alternative way of
travelling for high distances that cannot be covered on foot or bicycle in order to reduce motorized
travelling by private vehicles [41]. In addition, transport bus stations and hubs must be strategically
located and support and improve mixed land use to encourage greater walking [42]. Several strategies
have been implemented such as the creation of dedicated lanes [43] or the advent of the rapid transit
bus (acronym: BRT) [44] or demand responsive transport (acronym: DRT services) for weak demand
areas [45]. Providing public transport that improves accessibility (not only for the wealthy) is very
beneficial for all the areas of a city. It is also essential that the pedestrians can easily reach the bus
platform using safe and comfortable crossing points and infrastructures that are accessible on foot
and by bicycle. While public transport must be treated as an investment for the city and not just as a
mobility investment, it must benefit the city in total.
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The implementation of shared mobility services such as cars, bicycles, micromobility, and the
study of specific transport demand (by age, gender, work) can reduce the use of private vehicles and
thus traffic congestion in urban areas [46,47]. In terms of urban planning, the integration of pedestrian
networks and routes into urban planning is essential for cities which try to encourage people to
walk [48]. It has been shown that creating cities that embrace mixed-use planning principles, bringing
together residential, commercial, recreational, and educational elements in areas of around 400 m2
of neighborhood/town center, has increased the rate of pedestrians and cyclists among residents and
visitors [49]. While the more an area of a city has a mixed use of land, the more there are reasons to visit
and walk on it. The active participation of the inhabitants [30,50] can also help in the urban planning
phase, exploring the critical and positive aspects of every part of the city such as a neighborhood or
an infrastructure [51]. Green infrastructure is also a key element of a city and has multiple benefits
for both people and the built environment. It has been shown that cities and places that have a high
level of greenery both in the streets, including trees and plants in buildings, and in regular open green
spaces and parks, present an increase in the level of people’s desire to walk [52–56].

In addition, greenery on the streets improves pedestrian safety because of the reduction of the
vehicles’ speed in the road. In order to be able to consider the six previous points, considering the need
to implement sustainable policies and to make the best use of the routes in the area under investigation,
this research analyzes the user’s perception, which is connected to the transition in an area with a strong
pedestrian vocation, laying the foundations for more in-depth research. The goal of this research is the
exploration of users’ perception as the short itineraries change, considering the same origin/destination
in order to evaluate the ease of walking in the analyzed area.

2. Materials and Methods

The research is carried out by introducing a phase of data acquisition according to face-to-face
interviews using a survey format and then processing the data through an AHP methodology. The
interviews were conducted through the PAPI method (pen and paper interview-paper questionnaire
interview) [57]. In fact, the paper questionnaire interview is the most classic of the survey techniques.
The interviews were completed by recording the respondent’s answers on a paper questionnaire. Then,
the data are entered into a database and analyzed. The database is created in an excel sheet in which
the quantitative data have previously been collected in order to be quantified and normalized via
equations. The interview approach allows the direct exploration of the perceived sensations through
a bottom-up approach. This strategy is also useful to spread a democratic urban planning that can
motivate different population groups to cooperate with the local administration [58,59]. The interviews
were conducted before the pandemic phase when there were no restrictions on the flow of people
moving outdoors. Each interview lasted less than 7 min in order not to cause stress in the interviewed
user. The interview involved the acquisition of socio-demographic data and perception of the paths
through the evaluation of the LOS (Level of Service) and the definition of the feelings felt in terms of
safety, comfort, and confusion. More specifically, the questionnaire that was used consists of three parts
and eight questions in total. The first part includes 3 questions concerning the profile of the respondent.
Two more questions, which are included in the second part, ask the respondent to show the frequency
of use of the road network and his preferences about the four itineraries. The last two questions of the
second part request from the respondent to rate the level of service (LOS) of the infrastructure and the
possibility to go on walk in the road network. The third part of the questionnaire collects the data that
are necessary for the AHP analysis. In this part, the respondent had to compare the four itineraries
in pairs using a nine-point scale. This process was accomplished three times in order to collect data
concerning the safety, the comfort, and the confusion that the pedestrians feel during the use of the
infrastructure. The research steps dealt with in this work are schematically shown in Figure 2.
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Figure 2. Flow-chart related to the research steps related to the study of the choice of itinerary in the
urban area of Rijeka.

A specific questionnaire was defined and administered to citizens and tourists allowing a
comparison of the results and providing useful judgments to the Local Administrators for the
improvement of the connection routes to the examined areas. The choice of the itinerary is often
evaluated through mathematical modeling that correlates different input parameters selected by the
user through direct or indirect surveys on one’s walking habits. This work aims to describe the
selection of the itineraries through the AHP method relating to an area of the city of Rijeka with a high
pedestrian flow rate and shows how users can choose one of the proposed itineraries, considering as
positive aspects those related to safety and comfort and as negative aspects those related to chaos.

A number of factors can induce and facilitate the creation of a city that can encourage walking.
Although each city has its own culture, climate built environment, and social built environment, the
fact that the local context and priorities are integrated is also essential; this creates the best walking
environment for a city and its people.

2.1. Analytical Hierarchy Process (AHP)

The method that was used for the data analysis of the research is the Analytical Hierarchy Process
(AHP). AHP is a Multi-Criteria Analysis (MCA) method, developed by [60]. MCA is a method that is
commonly used in the Decision-Making Theory and takes into account all available parameters. It is a
complex process that aims to resolve each problem that the surveyor might have. The goal of MCA is
the approach of multiple solutions that present the best possible option in the majority of available
criteria of the problem [61]. The transparency and mathematical structure of this technique is what
establishes it as the most suitable in accomplishing the concept of sustainability by many researchers.
Furthermore, its practical value in combination with a user-friendly software increases its attractiveness
to practitioners [62]. Through the Analytical Hierarchy Process (AHP), a multicriteria evaluation,
it is possible to assign priorities to a series of decision-making alternatives, relating qualitative and
quantitative assessments, otherwise not directly comparable, and combining multidimensional scales
of measurements in a single priority scale, as in Figure 3.
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Figure 3. The approach to decision making and different situations [63,64].

AHP has the advantage of quantifying quality data that are collected. At first, it defines some
criteria with which it creates pairs of comparisons. The goal of the method is to attribute a weight in
each criterion that will define its importance. The higher the weight of a criterion, the more important
it is [65]. The attribution of the weight is performed by comparing the criteria in pairs using a scale.
There are several scales that can be used that stem from psychological theories [66]. One of the most
used scales in AHP is the Saaty scale. It is a nine-point scale where 1 is the minimum value and 9 is
the maximum. In between these values, numbers 3, 5, and 7 are used. Number 1 is considered the
weight multiplied by the criteria that shows the absolute balance in a comparison pair. It is a scale
based mainly on empirical studies [60]. The attribution of a weight to each criterion leads into the final
ranking of the criteria. For an AHP to be considered complete, all possible pairings of comparisons
must be created so that all criteria can be compared.

Cases with a high number of criteria and therefore a high number of comparative pairs may make
the research difficult, thus, some comparative pairs may be excluded. In such cases, it is preferred
(suggested) to create the minimum number of comparison pairs required in order to acquire the rest of
the comparison pairs from them. The number of comparison pairs results from the formula n (n−1)/2
where n equals to the number of criteria [60]. Finally, the AHP method is able to calculate the possible
inconsistency between the survey responses using a specific index called Consistency Index (CI). This
index has its lowest value as zero (0). The closer to zero the CI is, the smaller the inconsistency. In
particular, if CI/RI < 0.1, where RI stands for Random Index (Consistency Index for Random Entries),
the inconsistencies are considered acceptable [60].

2.2. AHP Online System-AHP-OS

An AHP online software was used in order to implement the Multi-Criteria Analysis (MCA) with
the method of the Analytical Hierarchy Process (AHP), which is called AHP Online System (AHP-OS),
and can be found in the Business Performance Management Singapore (BPMSG) website [67]. This
software provides a special excel sheet, in which all collected data are entered. It is a very simple and
practical way of applying and completing an AHP which allows the user to directly configure the basic
parameters of the process (number and name of criteria, size of input data, etc.). From a mathematical
point of view, this method is based on the solution of an Eigen value problem.

The data must be quantified in order to import them into the software. More specifically, the
quantification of the interviewees’ answers is carried out according to the nine-point scale of Saaty.
The software uses these quantitative data (numbers from 1 to 9) of all the comparisons between the
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criteria and automatically calculates the weight of every criterion. During the data processing, a matrix
is created in order to calculate the weight of every criterion and the consistency ratio. The result of
every pair-wise comparison is placed into this matrix. The weighting of the criteria, which is the ratio
scale, is given from the first dominant right Eigen vector of the matrix. It is essential to mention that
a normalization of the quantified data is previously required in order to not import negative values.
In this way, the final classification (ranking) of the criteria is made according to the weight of each
criterion. Finally, the software can calculate the Consistency Ratio (CR). The CR is defined by the Eigen
value of the matrix and it can lead to useful conclusions regarding the inconsistencies between the
respondents’ answers as well as the reliability of the AHP’s final results [67].

2.3. Case Study Description

Rijeka, Croatia, is a capital of the Coastal Mountain Region county in north-western Croatia, which
partly corresponds to the territory of Liburnia and Kvarner. Road safety, especially for pedestrians,
requires a lot of attention because out of 404 traffic deaths in Croatia in 2017, 60 were pedestrians
(14.9%) and 27 in non-motorized vehicles (6.7%). Injuries were 10.5% for pedestrians and 7.3% for
non-motorized vehicles (out of a total of 14,608). Regarding the road deaths, 16.9% were caused
by pedestrians and 6.9% by cyclists. According to [68], almost 90% of pedestrian deaths in traffic
are in the over 40 age group, showing a high importance of the age factor. Among the main causes
of accidents are not only the conditions and the maintenance of infrastructure, but also the limited
visibility and the behavior of pedestrians and drivers [12,13]. These data highlight the need to improve
the infrastructure and spread a greater culture of road safety among the population. The document
considers the comparison of different routes with identical points of origin and destination, allowing
walking as the only form of short distance travel.

The city was selected as a case study because it was named as the European Capital of Culture in
2020 and a good flow of tourists was observed in recent years, until the beginning of the pandemic.
The center of the city is used by 160,000 pedestrians daily. Most of the pedestrians arrive to the center
by vehicles, and 20% of them arrive by foot [68,69].

As the pedestrian mobility is becoming increasingly important, the City of Rijeka is planning several
important enhancements: new pedestrian traffic spaces in the portual area, additional underpasses and
overpasses related to railway structures, pedestrian access to healthcare services, and the creation of
urban microcenters based on pedestrian mobility as residential centers which have a tertiary function
(the pedestrian zones, such as squares and roads, are indicated for development). In some parts of the
city, the sidewalks are planned with 2 m tree line division for the vehicles. In the center, pedestrian
roads are planned with a 12 m section or roads with 6 m pedestrian corridors alongside. Moreover, the
elements of mechanical vertical and horizontal mobility are planned in several parts of the city [69,70].

The selected area is the most crowded area of the city by pedestrians due to the tourist attractions
and the commercial and tertiary activities present. The analysis was conducted in the city of Rijeka
where about 130,000 inhabitants live. Over 19.7% of the resident population is made up of people over
the age of 65 years [70] who have a habit of moving on foot or using the public transport. The city
is recently characterized by a strong attendance of tourists. The area, which is located closest to the
historic center and the port, is fairly flat and allows pedestrians and cyclists to move easily. The city
faces the sea and is characterized by large areas that can be easily traveled on foot and characterized by
numerous tourist and commercial attractions, as in Figure 4.
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Figure 4. Geolocation of the study area and photos of the outdoor market area in Rijeka (map source:
https://www.openstreetmap.org/).

Other parts of the city are on sloped terrain. Traffic lights exist in every intersection in the
center of the city. These intersections provide very long pedestrian crossings. The traffic light cycle,
however, does not provide times of more than 25 s and therefore people, especially the elderly and
other vulnerable users, find themselves in difficulty during the crossing and are forced to stop in the
middle of their route, waiting for the next green [22]. Almost all of the crossings do not have pedestrian
areas that can protect them.

This study involves in an area between the pedestrian center and the outdoor market. These two
areas are connected by different itineraries that can be travelled on foot or by car. The work focuses on
four pedestrian itineraries characterized by different infrastructural elements.

The area is delimited by two main roads for vehicular flows called Adimićeva (near the open
market define by photos n◦2 and 6 on Figure 4) and Ivana Zajca (near the Korzo, the main pedestrian
only street defined by photo n◦3,4 and 5 on Figure 4). They are covered in one way, and today they
represent the main transit corridors to and from the city.

The presence of numerous sidewalks allows users to move easily anywhere. The presence of an
underpass that connects the two areas analyzed (origin and destination of the movements) reduces this
type of potential collision. Specifically, it was considered appropriate to define the main pedestrian
area called Korzo as the origin of the four itineraries (yellow area) and the open market (blue area) was
instead selected as the final destination, as shown in Figure 5.

https://www.openstreetmap.org/
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Figure 5. Evaluated area of Rijeka (Croatia) [22] (map source: https://www.openstreetmap.org/).

The two areas, of the Korzo and the open air market, constitute the two centroids of the exemplified
traffic network covered in this study. They are characterized by a high flow of pedestrians during the
various hours of the day for both business and pleasure reasons. In addition, the origin node is also
characterized by the presence of numerous offices while the destination node is characterized by the
presence of the historic covered market and the municipal theater, as well as by numerous restaurants
and pubs that attract many tourists. The monitored area was recently embellished with numerous
artistic installations and Rijeka finally defined as the European capital of culture 2020.

The questionnaire was given to the citizens of Rijeka who have a good knowledge of the city. The
PAPI method was applied in order to acquire the sensations perceived by pedestrians as they travel
through the various selected itineraries.

The survey was administered considering the same environmental conditions for all users, i.e.,
the same period of the day with similar sunlight and similar traffic conditions near the area which is
under investigation. Therefore, the sample was limited precisely because of the finding of the same
external conditions during the administration of the questionnaire. Among the different sensations
experienced by the users during the walk, particular attention was paid to the feeling of safety [71],
comfort, and confusion [72,73].

In particular, the area is described in Figure 6. It has been analyzed, proposing the comparison of
four itineraries represented in Figure 6 and thus defined:

• itinerary 1 (IT1) it consists of a path on the sidewalk and traffic-lighted pedestrian crossings
• itinerary 2 (IT2) also formed by a path on the sidewalk and traffic-lighted pedestrian crossings
• itinerary 3 (IT3) formed by a direct path on the sidewalk and secondary road
• itinerary 4 (IT4) formed by a direct route on the underpass

The analysis also considered the presence of a railway track dedicated to a train for the transport
of goods to and from the logistics port area which interrupts the pedestrian crossings of the various
routes. The Euclidean measure, which is the one taken between origin and destination, is 135 m, and is
similar to the length of itinerary IT4. Itineraries 1 and 2 are characterized by lengths of 340 and 300 m
while IT3 is 168 m. Since the itineraries are less than 500 m (defined as short-haul journeys), they can
be easily walked on.

https://www.openstreetmap.org/
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Figure 6. Different itineraries selected for Analytical Hierarchy Process (AHP) analysis [22] (map
source: https://www.openstreetmap.org/).

2.4. Data acquisition. Sample and Survey definition

The sample was randomly selected by carrying out PAPI method at the end of 2019. The survey
templates were organized in such a way to ensure unambiguous interpretation of questions and
answers. The variables investigated are summarized in Table 1. In particular, they have been included
in (socio-demographic data with closed answers), Section 2 (travel habits and road network judgment
with closed answers and answers on a scale Likert 1–5), and Section 3 (travel perception with AHP
comparison method on a scale of judgment 0–4).

Table 1. Summary of the widespread questionnaire.

Section 1
Variable Attribute Variable Attribute Variable Attribute

Gender Male
Female Age

18–24
25–39
40–54

55–64
≥ 65 Job Student

Worker
Retiree
Other

Section 2
Variable Possible

reply Question Possible
reply Question Possible reply Question Possible reply

(Likert scale)

road use
frequency

Every day
4 times

per week
2–3 times
per week
Once per

week
More
rarely

itinerary
selection

Itinerary 1
Itinerary 2
Itinerary 3
Itinerary 4

Level of
Service

(LOS) of
road

network

A
B
C
D
E
F

ease
of

access

1
2
3
4
5

Section 3
comparison of routes in pairs

(AHP)
User perception Scale

comfort
safe

confusion
Saaty scale (0–4)

3. Results

3.1. Data Analysis through the Use of Descriptive Statistics

Human factors related to walking are the subject of numerous studies in the literature and
are increased comparing with other studies on other road users [74,75]. In general, the functional
geometrical characteristics of an infrastructure can be related only to a small part of the pedestrians’

https://www.openstreetmap.org/
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behavior in urban areas. Understanding pedestrians’ behavior in urban areas can lead to significant
improvements in the design and planning of pedestrian road and traffic environment, and consequently
in the comfort and safety of pedestrians [76,77]. The questionnaire was designed aiming to acquire
socio-demographic data, walking aptitude data, and data related with the perception of the risk from
the point of view of safety, comfort, and confusion (chaos). Each question allowed only one answer
expressed through Likert scales [78,79] or bivariate choice or multivariate choice. In particular, the Likert
scale made possible to express a judgment instead of the bivariate and multivariate choice of selecting
between two or more options. Section 1 of the survey focused on the evaluation of socio-demographic
data i.e., gender, age, and work. The investigated sample shows a higher percentage of men than
women as shown in Table 2.

Table 2. Distribution of respondents based on gender.

Gender Frequency Relative Frequency Cumulative Relative Frequency

Male 38 54.3% 54.3%
Female 32 45.7% 100.0%

Total 70 100.0%

The age that most characterized the sample is between 18 and 24 years of age and followed by the
age group 25–39 as shown in Table 3.

Table 3. Distribution of respondents based on age group.

Age Frequency Relative Frequency Cumulative Relative Frequency

18–24 43 61.4% 61.4%
25–39 20 28.6% 90.0%
40–54 5 7.1% 97.1%
55–64 1 1.4% 98.6%
> 65 1 1.4% 100.0%
Total 70 100.0%

The age groups have a close connection with the work activity, in fact the highest percentage of
users interviewed were students as shown in Table 4.

Table 4. Distribution of respondents based on profession group.

Profession Frequency Relative Frequency Cumulative Relative Frequency

Student 34 48.6% 48.6%
Worker 34 48.6% 97.1%
Retiree 1 1.4% 98.6%
Other 1 1.4% 100.0%
Total 70 100.0%

Section 2 of the questionnaire focuses on the frequency of walking on the monitored routes and
the selection. In fact, Table 5 shows how often the respondents use the road network.

Table 5. Distribution of respondents according to the frequency of use of the road network.

Use Frequency Frequency Relative Frequency Cumulative Relative Frequency

Every day 9 12.9% 12.9%
4 times per week 18 25.7% 38.6%

2–3 times per week 15 21.4% 60.0%
Once per week 10 14.3% 74.3%

More rarely 18 25.7% 100.0%
Total 70 100.0%
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Table 6 indicates the respondents’ preference regarding the four itineraries, showing a slight
predominance in the use of the IT4 itinerary.

Table 6. Distribution of respondents according to the frequency of use of each route.

Route Travelled Most Frequently Frequency Relative Frequency Cumulative Relative Frequency

Itinerary 1 19 27.1% 27.1%
Itinerary 2 15 21.4% 48.6%
Itinerary 3 14 20.0% 68.6%
Itinerary 4 22 31.4% 100.0%

Total 70 100.0%

A synthetic judgment pertaining to the global road network was examined through the definition
of perceived type of level of service. This parameter incorporates a general vision of the movement
both from the point of view of safety and of the hypothesis of congestion that can increase the travel
time. The perceived Level of Service (LOS) of the users stands at an average value equal to LOS C as
shown in Table 7. Only 8.6% of respondents rated the LOS with A or B i.e., optimal service levels. This
result proves the uncertainty of users regarding the overall quality of the infrastructure.

Table 7. Distribution of respondents according to the level of service of the infrastructure.

LOS Frequency Relative Frequency Cumulative Relative Frequency

A 1 1.4% 1.4%
B 5 7.1% 8.6%
C 44 62.9% 71.4%
D 15 21.4% 92.9%
E 5 7.1% 100.0%
F 0 0.0% 100.0%

Total 70 100.0

Finally, through a judgment on a Likert scale, it was expressed on the possibility of being able
to move on foot along the monitored road network. The predominant judgment in this case was
encouraging and included between positive and very positive, as shown in Table 8.

Table 8. Distribution of respondents based on the possibility to walk in the road network.

Possibility to Go on Walk Frequency Relative Frequency Cumulative Relative Frequency

Absolutely negative 0 0.0% 0.0
Very negative 1 1.4% 1.4%

Negative 3 4.3% 5.7%
Positive 32 45.7% 51.4%

Very positive 28 40.0% 91.4%
Absolutely positive 6 8.6% 100.0%

Total 70 100.0%

3.2. Multi-Criteria Analysis through the Use of AHP Method

Therefore, the assessment of the perception of safety within the itineraries was connected to the
combination of pedestrian and vehicular flow with reference to both pedestrian crossings and the
traffic light cycle. The feeling of comfort was associated with the presence of sidewalks and handrails,
in addition to good lighting.

The perception of chaos, on the other hand, has been correlated to a hypothetical congestion of
pedestrian and vehicular traffic and to the increase in travel time useful for arriving from origin to
destination. All these objectives are often connected to a subjective component of the evaluation of the
parameters, that is, judgments and opinions with the objective data or the measurement. The AHP
was applied three times using different input data for each column. Table 9 presents the final rankings
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of each itinerary based on the comfort, the safety, and the confusion (annoyance) of the user. The three
parameters (comfort, safety, and confusion) constituted the basic criteria that the respondents took
into consideration in order to compare the four itineraries. The ranking of the itineraries in each AHP
derives from attributing a weight in each one based on their importance. Additionally, the Consistency
Ratio (CR) of each AHP was generated. The CR of an AHP represents the inconsistencies between the
responses of the users in a single questionnaire. As mentioned before, if the CR is lower than 10%, the
inconsistencies are considered acceptable.

Table 9. Results of the Multi-Criteria Analysis through the use of AHP method.

AHP RESULTS

Comfort Safety Confusion

Routes Weights Ranking Routes Weights Ranking Routes Weights Ranking

Itinerary 1 22.0% 3 Itinerary 1 22.8% 3 Itinerary 1 29.6% 1
Itinerary 2 25.8% 2 Itinerary 2 23.6% 2 Itinerary 2 23.1% 3
Itinerary 3 21.8% 4 Itinerary 3 17.6% 4 Itinerary 3 28.8% 2
Itinerary 4 30.4% 1 Itinerary 4 36.0% 1 Itinerary 4 18.5% 4

Consistency Ratio (CR) = 1.1% CR = 0.7% CR = 0.2%

As shown in Table 9, the first two AHP analyses give similar results as they represent two positive
features (comfort and safety) for the users of the infrastructure. Actually, these two analyses produce
the same ranking of itineraries with small differences on their percentages. Itinerary 4 seems to be
preferred by the users based on these two characteristics. Itinerary 3 can be characterized as the
least preferable itinerary with Itinerary 2 and Itinerary 1 coming second and third respectively. On
the other hand, the third AHP analysis, which represents the confusion, confirms the results of the
other two analyses placing Itinerary 1 at the first place and Itinerary 4 at fourth place concerning the
confusion that the respondents feel during the use of the road network. Itinerary 3 is considered to
be second in the ranking of confusion with a very small percentage difference comparing with the
percentage of Itinerary 1 followed by Itinerary 2, which seems to create less confusion to the users of
the infrastructure.

The design of an urban context refers to multiple interests, often conflicting, that converge on
the road space: those of mobility in its various forms, those of residents, traders, passers-by, without
forgetting the needs related to environmental protection (air and noise) and architectural and urban
quality. The concept of the road space must guarantee and, if necessary, restore a balance between
these interests and needs.

According to the questionnaires that were collected during the survey in the city of Rijeka, 54% of
the sample were males; therefore the distribution of the sample between males and females is almost
even. The vast majority (90%) were students and employees under 40 years of age. Almost 40% of the
sample uses the infrastructure at least 4 times per week, while 25% avoids the use of the infrastructure
and uses it seldom; less than 1 time per week. The respondents differed widely on which route they
use the most. “Itinerary 4” (IT4) is used slightly more than the rest (31.4%) and the percentages of
the four itineraries are very close. Additionally, the highest percentage of the respondents (84.3%)
evaluates the level of service of the infrastructures with C and D (in a scale of A to F). Furthermore,
94.3% assesses the possibility of using the infrastructure to go for a walk from positive to absolutely
positive. The slight preference of pedestrians towards “Itinerary 4” is confirmed by the Multi-Criteria
Analysis, which was produced using the AHP method. The routes were compared in all possible pairs
by the users. The results of the comparisons were used as data for the AHP in regard to the safety
and comfort of the users. Based on the results, “Itinerary 4” was placed first, scoring 30.4% in comfort
and 36% in safety, followed by itineraries 2, 1, and 3. It is worth mentioning that both IT4 and IT3
are shorter that the rest. In the last AHP, the results of the comparisons that were used as data for
the AHP concerned annoyance. IT1 acquired the most weight (29.6%), followed by IT3, IT2, and IT4.
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This work is a first step of investigation which will be subsequently expanded with a second step
of investigation and comparison of data in statistical terms. The infrastructure examined is heavily
used on an everyday basis by some participants, but by others it is seldom used. The route with the
underpass is slightly more used than the other, but as it is shorter than other two routes (IT 1 and IT 2),
and safer than the third route (IT 3), it is actually surprising that the preference is not higher. Even
more so, as it ranked as the best by AHP in the category of “annoyance.” This shows that the use of
this route is impacted by other factors, which should be further analyzed.

4. Discussion

Through slow mobility, it is possible to guarantee social distances and avoid traffic congestions
without increasing the number of cars. From this point of view, it is necessary to study all possible
zero-impact solutions starting from the analysis of itineraries and comparing the judgments before and
after the pandemic. Mobility on foot within urban centers is being increasingly used by students and
workers who want to move from home to their destination at distances of less than a kilometer. The
results obtained in this research are in line with the results obtained in another recent research.

The distribution in the choice of itineraries was quite uniform with a slight prevalence in the
selection of Itinerary 4 characterized by the presence of a well-lit and clean subway.

In accordance with [80], there was a decrease in the use of the subway with age. The perception of
the pedestrian safety level was not entirely negative due to the fact that the infrastructure is constantly
maintained, and local policies tend to promote strategies in favor of walking.

The AHP analysis has revealed the perceptions of pedestrians concerning the 4 routes in the same
environmental conditions. However, this assessment is carried out on a small sample, which highlights
the need to know not only the geometrical-functional characteristics of an infrastructure, but also the
judgement of the people who habitually use the roads. This fact is of fundamental importance if a
participatory planning of the city is to be implemented [81,82].

The overall satisfaction regarding the infrastructure was average, a fact that indicates that this
aspect could be analyzed further. The greatly positive assessment of walkability of the infrastructure
by the participants indicates that the lower satisfaction regarding the level of service has some
complex motives.

5. Conclusions

The estimation of the ease with which it is possible to move around the city on foot depends on
several factors, some of which are related to the surrounding environment and psychological and
perceptual aspects. The conducted analysis has shown with the results obtained that urban planning is
much improved when a democratic approach that allows the population to participate in the choices
to be made is included [49,83]. This also shows that there is room for a scientific and professional
approach based on analysis and evaluation to arrive at the factors that shape our understanding
and perception of space and thus influence our well-being. For example, a more in-depth study of
the perception of enclosed spaces, such as flyovers or underpasses, could help to create a series of
mitigation actions aimed at maximizing people’s propensity to use them (light diversification, presence
of a controller, more escalators) [84,85] The analysis based on the AHP method has allowed to compare
different design solutions implemented in a high pedestrian flow area and therefore it is assumed that
this approach can be supported by a micro simulation approach in order to better understand the
behavior of pedestrians.

The scientific approach could significantly improve the attention and the understanding of the
needs of vulnerable users who are underrepresented not only in the usual policy making process, but
also in traditional processes of public participation. In addition, as a professional and scientific tool,
the implementation of tactical planning could improve the usability of open spaces (location of street
furniture, signage, etc.), allowing for better communication and greater involvement of citizens. This
is particularly important because of the growing importance of pedestrian traffic in many fields such
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as transport, climate, walking, economy, and health, and even more so in cities where pedestrian traffic
allows social distancing, pollution, and congestion abatement.
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