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Abstract: The parameters that affect bicyclists’ satisfaction are of vital importance when it comes to
determining the reasons that endure bicycle usage in an urban environment. This research refers
to the factors that affect bicycle users’ satisfaction with the existing infrastructure in the Munici-
pality of Thessaloniki, Greece. Bicycle dependence in Thessaloniki is relatively limited when it is
compared to other European cities with similar topological and demographic characteristics. This
article aims to determine the most suitable measures that policymakers should implement to enhance
bicycle infrastructure. The data collection process was realized through an online questionnaire
survey addressed to the bicycle organizations and groups that are situated in Thessaloniki. Infer-
ential statistical analysis investigated the dependency between the perceived satisfaction and the
perceived level of safety of cyclists. Ordinal and multinomial logistic regressions were applied to
identify the significant problems that influenced cyclists’ satisfaction, as well as the most important
improvement measures suggested by the survey participants. The findings revealed that the lack of
safety and urban integration of bicycle infrastructures were the statistically significant issues affect-
ing users’ satisfaction. The development of a safe, integrated, and interconnected bicycle network
area emerges as a priority to increase cyclists’ satisfaction and daily bicycle trips in cities with low
bicycle culture.

Keywords: bicyclist’s satisfaction; modeling bicyclist’s perceptions; bicycle network design; logistic
regression; Thessaloniki

1. Introduction

Communities are shifting their interest to bicycles for various reasons, such as the
small impact that bicycles have on the deterioration of air quality. In Europe, in 2014, the
transport sector was responsible for 70% of greenhouse gas emissions. Bicycles tend to
become the main means of transport in many cities around the world, as they offer a series
of benefits for both the bicycle user and the city’s environment in general. The European
Union’s (EU) goal is to reduce the percentage of environmentally harmful gas emissions
by 60% until the mid-21st century compared to 1960 [1]. Bicycles play a primary role in
the EU’s efforts, as the more bicycles are used for commuting, the greater the reduction
of harmful gas emissions will be and the greater the impact on improving environmental
conditions [2,3]. Bicycles are completely eco-friendly, and their extensive utilization can
reduce the number of cars that are on the streets, thus reducing harmful gas emissions and
improving the environmental parameters, especially in highly urbanized environments.

Specifically, it is estimated that if all car drivers who live within a 30 min distance
from their workplace in Stockholm, Sweden, switched to cycling, it would result in
111,000 new cyclists, which statistically corresponds to an increase of 209% compared
to today’s numbers. Adopting this scenario can have immediate and visible results in
the quality of life, as this plan would lead to a 7% reduction in harmful NOx and BC
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emissions. This reduction is capable of saving several citizens’ lives, which, cumulatively,
is estimated at 449 annual years [4]. Additionally, the use of bicycles can lead to indirect
economic benefits for the state budget. In Stockholm, the increase in bicycle use has been
estimated to lead to an improvement in citizens’ physical condition and health, resulting in
a decreased need for medical care from the public health system. This will help the Munici-
pality of Stockholm save 8.7% of the funds allocated to the healthcare sector in the annual
budget [5].

Similar studies that have been conducted in the USA show that a reduction in green-
house gas emissions can result in significant social and institutional benefits. The positive
impact of reducing PM2.5 particles from 2008 to 2017 translates into earnings of around
USD 270 billion for 2017. Mortality associated with these particles would have been
2.4 times higher in 2017 if vehicles continued to emit harmful particles at the same rate as
in 2008 [6].

When designing a bike lane, more factors must be taken into consideration. For
example, the Level of Service (LOS) that a bike lane has to offer is important for the
infrastructure’s efficiency. The LOS is closely related to the density of bicycle users inside
the examined bike lane, and the same logic is used for assessing the LOS of pedestrian
or road networks. LOS, characterized with “A”, is the ideal condition in the network of
bike lanes as it represents speed such as free flow and low vehicle density. On the other
hand, LOS “F” demonstrates a completely different view of the network, where travel
speed is low and vehicle density is considerably increased. LOS is highly connected with
comfort and perceived satisfaction of the bicycle user because a network which is assessed
with a LOS close to “A”, is more likely to increase the user’s satisfaction, thus possibly
attracting more users. There are many different techniques for assessing the LOS in a bike
lane and, depending on the nature of the network of bike lanes (one-way, shared spaces
with pedestrians, etc.), a different method can be utilized each time. Estimating the LOS
can result in operational improvements into the examined bike lane, such as changing
the lane design characteristics to reduce or increase travel speed, changing the lane width
for the reduction of vehicle density, and even relocating bike parking stands that cause
congestion [7,8].

In the same context of identifying factors that affect the design of a bike lane, special
reference must be made to the urban integration of the network of bike lanes. Bike lanes are
part of a city’s urban environment, and their design must follow the urban characteristics
and not try to surpass them by altering the entire scene. In cities where the existing road
width is sufficient, and the road geometrical design supports the development of a bike
lane, the design of a new lane is not a difficult task. On the contrary, in parts of cities,
such as Thessaloniki, with narrow streets and intense slopes, the design of a new bike lane
is challenging. Bike lanes need to blend into the existing urban design and respect the
nature of a city’s infrastructure [9]. On this basis, measures for lane improvement can be
taken to improve bicycle infrastructure. In Thessaloniki, a large part of the city was built in
the early 20th century, so the basic principles of today’s urban design were not followed.
As a result, in older parts of the city, the mixture between pedestrian and bicycle lanes
is a common phenomenon. Pedestrian crossings can be utilized as a means of reducing
encounters with bicycles, as both these users will be more aware of the existing conditions
in the network [10]. All these factors indicate the importance of coexistence between urban
environments and a network of bike lanes.

Moreover, since bicycle lanes are designed to be used by bike users, in many cases,
the cultural background and the experience of the bicycle user need to be considered. For
example, in cities such as Munich and Amsterdam, where the existing network of bike
lanes is extensive, and a large number of daily trips is based on bicycles, the users tend to be
more experienced and know how to adapt to the circumstances more efficiently compared
to those in Thessaloniki, where the total length of bike lanes is limited, and only a few
people use their bicycle every day [11,12]. Of course, this is closely related to the driving
behavior of car drivers, especially in Thessaloniki, where, in many cases, bicycle lanes are
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on the same level as the lanes which serve vehicular traffic. The experience of being a
regular bicycle rider helps those who are car drivers as well to drive safely. Furthermore,
if the infrastructure of bike lanes becomes more attractive and new users start to use it,
car drivers could alter their driving behavior and drive more carefully, thus respecting the
other road users [13].

Important factors for the design of an efficient bicycle infrastructure include comfort
and attractiveness. Both factors include the parameter of subjectiveness, so describing
and analyzing them is a rather difficult task since bicycle riders have different views and
assessment criteria. However, some indicators are common among bicycle riders, such as
travel speed, safety, vehicle density, accessibility to important destinations, adequate lane
width, and proper lighting. Some of the problems that bicyclists often face and affect their
overall network evaluation include traffic conflicts, pedestrians crossing the bicycle lanes,
and sudden car door openings inside the bike lane [14–16].

A general view of the bicycle user’s needs, which is also recorded in the present
research, is that bicyclists want direct access to key destinations, and this is something
they would prefer to be done through a continuous, safe, and integrated cycle network.
Easy and safe access between origin and destination points is very important for existing
and new bicycle riders. If an efficient level of connectivity between origin and destination
points is not achieved, then the LOS of the bicycle lane is low, and attracting new users
becomes a more difficult task [17,18]. An important aspect is the existence of safe parking
spots near the trip destination points. Bicyclists must be able to park their bicycles in a
safe place. Parking spaces are of crucial importance when it comes to the user’s perceived
satisfaction, as it is a matter that many bicyclists appear to evaluate as important [19]. This
issue is not properly considered in Thessaloniki, as there are very few parking spots for
bicycles, and at the same time, there are many key destination points that do not have a
parking spot in their nearby area. This is a problem that was raised by many participants in
this research. As far as comfort is concerned, it cannot be described and analyzed with the
same terms for every bicycle user. It can be concluded that traffic signs, free flow movement
without obstacles, and the appropriate condition of the infrastructure are factors that are
related to comfort as well as the aforementioned [20].

Although bicyclists are vulnerable road users, the use of bicycles can be generally
considered safe, especially under certain conditions when travel speed is low, and road
users have enough time to react in case something unexpected happens [21,22]. As far
as fatalities from road accidents are concerned, it is mentioned that in Germany, be-
tween 1991 and 2011, 149,483 people lost their lives due to a road accident [23], while
the USA and Italy are listed as the top countries as far as car accidents are concerned, with
12.93 and 4.87 deaths in road accidents per one million inhabitants, respectively [24]. The
total number of deaths due to road accidents worldwide is approximately 1.3 million. In
Europe, 6% of those who die in a road accident are cyclists. From 2010 to 2013, the number
of cyclist deaths in road accidents decreased by 9%, a smaller percentage compared to the
overall reduction in deaths due to road accidents, which reached 18% during the period
2010–2013 [25]. The reduction in the use of private cars and the increase in the use of
bicycles reduces the exposure of cyclists in dangerous situations [26]. It has also been
suggested that well-designed and appropriate cycling infrastructure can provide a safer
environment for cyclists. Therefore, in countries where cycling is adequately promoted, the
reduction of cycling accidents can be achieved [27–30].

The installation of separate lanes for cyclists since the 1950s has played an important
role in the promotion of cycling. After the Second World War, as many European cities
were in the process of rebuilding, the bike lanes became an inseparable element of a
city’s structure and daily operation. In this context, the need to design bicycle lanes was
inevitable [31–34]. Furthermore, as urban planning considered the basic principles of
sustainability, integrated bike lanes were created worldwide. At the same time, urban road
design is aimed at the provision of a safer and healthier environment. The institutional
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actors quickly realized that bicycle lanes could increase bicycle safety and prove to be
beneficial for the function of a city’s transport system in general [35,36].

The development of new bike lanes led to the investigation of the factors that determine
and affect the level of service of these lanes. Studies in the USA and in Europe have tested
the importance of parameters such as the width of the bike lane, the distance between the
bike lane and the lanes serving the vehicular traffic, the speed of cars, and the number
of traffic lanes that are dedicated to serve private vehicles [37,38]. The findings of these
studies can be characterized by the fact that the narrower the width of a bike lane, the lower
the speed, resulting in motorcycle drivers and cyclists having more reaction time in case of
crossing between them, thus reducing the likelihood of a traffic accident. Another way to
reduce speed is to design a colored line on the pavement at intersections where there are
bike lanes and lanes serving vehicular traffic. This will lead to lower speeds for cars at these
points, as drivers will be alert while seeing this line [39]. Another important safety factor
is the condition of the cycling infrastructure and whether it is protected from the main
traffic or not. Bicycle users tend to feel safer and more satisfied when they cycle through
protected bike lanes, and the cycling infrastructure is adequately maintained [40,41].

Parameters that determine the level of service of a particular bike lane are commonly
considered to be the lane’s safety, the immediate connection with other basic infrastructure,
comfort, the spatial integration of the bike lane into the urban environment, and a bike
network which is continuous and allows the user to drive his/her bicycle without facing
any obstacles or changing the bicycle course [42]. Bike lanes that are separated from the
main traffic flow, have sufficient width, and are part of a greater network of bike lanes
usually tend to be safer and attract more bike users. Thus, people can start to consider that
using their bicycle is worth more than using their private car.

This research tries to determine the factors that affect bicycle users’ perceived satisfac-
tion with the existing network of bike lanes in the Municipality of Thessaloniki, Greece. The
focus of this specific research is on the problems that bicycle users usually face during their
daily trips. In addition, this research attempts to identify the factors that tend to discourage
people from using their bicycles. Finally, this research suggests special measures to improve
the city’s bike lane network and to make it more efficient for its users. The research is
based on an online questionnaire-based survey that was conducted between December
2022 and January 2023 in Thessaloniki. A total number of 504 bicyclists participated in the
survey. The research’s main contribution consists of confirming and highlighting that the
development of an integrated bicycle network that provides good accessibility to the main
urban destinations and ensures the trip safety of cyclists is a prerequisite for the promotion
of sustainable mobility in cities with low bicycling culture such as Thessaloniki.

The structure of this paper is as follows. Section 1 refers to the introduction, where the
need to identify and model the factors that affect bicycle users’ satisfaction is emphasized.
Section 2 includes the literature review and refers to respective projects and case studies
worldwide. The description of the study area, the methodology used, and the design of the
survey are included in Section 3. Section 4 has to do with the descriptive and inferential
statistical analysis as well as the data modeling. Finally, Section 5 refers to the discussion of
the results and to the conclusions of this research.

2. Literature Review

This section includes the investigation of research projects and case studies that
concern the evaluation of satisfaction as perceived by bicycle users during their daily trips.
It is well-known that decision makers involved in the urban planning process have decided
to implement sustainable and eco-friendly transport policies. As a result, the use of bicycles
is considered an effective transport mode, which is in line with the aims and objectives
of the three pillars of sustainable development (social, economic, and environmental).
Therefore, lots of research has been done in this field worldwide.

It must be mentioned at this point that researchers have decided that various factors
are important for the user’s satisfaction. Willis, Manaugh, and El Geneidy [43] concluded
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in their research, which was carried out in Montreal, Canada, in 2013, that a series of
parameters were described as important. In their research, the most satisfied bicyclists
were those who were described as “Cycling Enthusiasts”, meaning people who cycle the
longest distances and they use transit during winter. Bicycle users who belong to this
category are also cycling on bicycle routes that are outside of the urban environment and,
in many cases, are located in rural areas. The least satisfied users are characterized as
“Active environmentalists”; they cycle year-round, and their main motivation is to exercise
or to protect the environment. Furthermore, season has an important role in bicycle users’
satisfaction, as only 22% of the cyclists involved in this research declared that they cycle
during winter. Winter bicyclists noted lower satisfaction rates than fall cyclists.

Other research highlight the importance of traveling distance in the user’s satisfac-
tion [44]. For commuters who travel two hours or more every day to arrive at work, the
probability that they would be satisfied is 23%. For those who travel thirty minutes or less,
the respective probability is 46%.

A similar project in Shanghai, China, has brought more parameters into the discus-
sion [45]. This specific research was conducted based on questionaries, and it concluded
that bicyclists tend to be more satisfied by the cycling facility when bike lanes are wider
and the existing network is well-connected. The connectivity of the bicycle network is an
aspect that was highlighted as important in the research that took place in Shanghai as well
as in the case study of this paper.

Other projects aiming at the determination of parameters that affect bicyclist’s satis-
faction include more factors [46]. Based on this research [46], it was found that when the
traveled distance is up to 8km, the bicyclist is more likely to be satisfied. Moreover, the
specific research concludes that the adequate maintenance of the bicycling infrastructure is
important for the user’s satisfaction. It must be mentioned that men and women do not
consider the same type of facilities as important, as far as their satisfaction is concerned.

According to a study thatexamined this topic in the USA, some of the beforementioned
parameters such as the quality of the existing infrastructure and the distance traveled, are
important factors for user satisfaction. In addition to that, the research focuses on the social
environment in the workplace and concludes that it plays a significant role in the user’s
perceived satisfaction. If the working environment supports a bike-friendly policy, then
bicyclists would feel more satisfied and would use their bicycles more instead of their
private cars [47].

3. Materials and Methods
3.1. Study Area and Methodology

Thessaloniki is the second largest city in Greece, with approximately 1 million inhabi-
tants and around 1.3 million daily vehicle trips in the Greater Area [48]. The study area
includes the Municipality of Thessaloniki, which is one of the most densely populated Mu-
nicipalities of Thessaloniki’s Greater Area, as more than 300,000 citizens live in it according
to the latest census of 2021 [49]. The city can be considered a compact one, with the main
origin and destination points being near to each other [50]. The existing public transport
system is based on buses for the time being. A metro line is expected to be operational in
the first months of 2024. This situation places Thessaloniki in a rather disadvantageous
place among other European countries with similar urban structure and demographic
characteristics [51]. Statistics from the Sustainable Urban Mobility Plan of the Municipality
of Thessaloniki show a high degree of dependence on the daily trips on motorized vehicles,
as 44% of these trips are made by cars, 4% by taxis, and 11% by motorcycle. It must be
mentioned that only 27% of the daily trips are made on public buses. Another interesting
point is that 11% of the daily trips are made on foot and 3% by bicycle, which is among
the lowest among European cities [52]. Therefore, it is evident that most of the daily trips
are made using private cars while at the same time, the use of environmentally friendly
transport modes is not at a desirable level.
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As far as the network of bike lanes in the Municipality of Thessaloniki is concerned,
the first initiative to create the appropriate infrastructure for cyclists started in 2001. The
main objective of the first bike lanes was to serve trips for recreation activities rather than to
serve the needs of commuters. The main bike lane, with a length of 2.9 km, covers only the
coastal front of the city, while the total length of the bicycle network is 12 km. The bicycle
network lacks continuity, and it does not serve important destinations within the central
business district (CBD) as well as within the University campuses, which are very near
to the CBD. Moreover, the network consists of mono-directional and bi-directional lanes
placed on the road pavement, often occupied by illegally parked cars or motorcycles.

These cycle routes are characterized by some problems (e.g., their colored surfaces
need maintenance, and the vertical and horizontal signs need maintenance as well).

This research tries to investigate the reasons why cycling is not an option for many
people. At the same time, it tries to investigate the necessary policies and measures that
need to be taken so that cycling will be an attractive transport mode for existing and new
users. The study area of this research refers to the network of bike lanes in the Municipality
of Thessaloniki, as it appears in the following Figure 1:
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The research methodology consists of the following steps:

1. The first step includes data collection, which was based on an online questionnaire-
based survey. The questionnaire was addressed to a sample of 504 cyclists who use
the bike lane network under study.

2. The second step includes the descriptive statistical analysis. More specifically, vari-
ables such as age, bicycle trip frequency, bicycle trip purpose, years of cycling experi-
ence, main trip origin-destination of cyclists, the bike lanes that cyclists frequently use,
and the qualitative evaluation of the bicycle network infrastructure are considered
for the purposes of the analysis. In addition, the participants stated their perceived
level of satisfaction as far as the quality and safety of bicycle lanes are concerned, in a
Likert scale from 1 to 5. Finally, they selected the most suitable measures that could
be implemented to improve the quality of the bicycle infrastructure.
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3. The third step concerns the inferential statistical analysis, focusing on the investigation
of dependency between the perceived satisfaction and the perceived level of safety
of cyclists.

4. The final step includes the development of ordinal and multinomial regression models
to identify the significant factors that influenced cyclists’ satisfaction as far as bicycle
infrastructure is concerned. We consider as factors either the problems stated by the
participants or the necessary improvements suggested by the participants.

3.2. Survey Design

As already mentioned, the research objective was to determine the parameters that
affect user satisfaction from the existing bike network. The sample includes 504 cyclists,
which were approached through an online survey sent to volunteer groups and bicycle
unions that are active in Thessaloniki. The questionnaire-based survey includes 18 ques-
tions grouped in 4 sections as follows: demographic information, mobility behavior and
characteristics of cycling trips, evaluation of the bicycle network and infrastructure by the
participants, and selection of improvement measures (Table 1).

Table 1. Questionnaire survey structure and basic variables.

Variable Name Variable Description Variable Values

Cyclists’ demographics

Gender Gender of respondent 1: woman, 2: man, 3: I do not want to determine my gender

Age Age of respondent 1: <18, 2: 18–24, 3: 25–34, 4: 35–44, 5: 45–54, 6: 55–64, 7: >65

Cyclists’ mobility behavior

Transport mode Primary
transport mode

1: motorcycle, 2: car as a driver, 3: car as passenger, 4: bus,
5: e–scooter, 6: walking, 7: bicycling, 8: taxi

Cycling
trip purpose The cycling trip purpose

1: leisure, 2: commuting, 3: for work purposes,4: education,
5: transport mode change, 6: shopping, 7: personal business,

8: other

Cycling
trip frequency

The frequency
of cycling per week

1: <1 day/month, 2: 1–3 days/month, 3: 1–2 days/week,
4: 3–5 days/week, 5: daily

Bicycle kilometers
traveled

The total amount
of kilometers traveled
by bicycle per week

1: 0–5 km, 2: 5–10 km, 3: 10–20 km, 4: 20–35 km, 5: >35 km

Bicycle infrastructure evaluation

Cycling satisfaction Overall level of satisfaction 5-point Likert scale

Cycling safety Overall level of safety 5-point Likert scale

Bicycle network
problems

List of 11 design, safety, and
implementation issues

Choose the 3 most
important problems

over the 11 issues
1: if an issue is chosen,

0: if not

Bicycle infrastructure improvements

Bicycle network
improvements

List of 8 improvement
interventions

Choose the 3 most
suitable measures

over the 8 interventions
1: if an intervention
is chosen, 0: if not

Each participant had the option to select an option on a Likert scale from 1 to 5 for
his/her level of satisfaction, where “1” corresponds to a very bad evaluation and “5” to a
very good one. Furthermore, the participants had the option to determine the most critical
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parameters that influence their cycling experience and perceived satisfaction, such as the
design, implementation, and maintenance of the bicycle lanes, the trip safety and comfort
issues, the connectivity and geographical coverage of the network, the degree of separation
from the motorized traffic and the crossing conditions in the intersections, the obstructions
caused by illegally parked cars and motorcycles, the flow conflicts created with pedestrians
on a bike lane that is placed on sidewalks, and the presence of parking facilities near major
destination points, which are typically located in central areas and attract a large number
of trips.

4. Results
4.1. Descriptive Statistical Analysis

Concerning the demographic characteristics, 43.2% of the sample were women, 37.8%
were men, and 19% did not state their gender. Furthermore, most of the people who
participated in this research are young people, as 27.3% of them belong to the age category
of 25–34 years old. The rest of the age groups and their percentages are the following:
<18 11.4%, 18–24 19.5%, 35–44 11.8%, 45–54 12.9%, 55–64 10%, >65 7.2%.

Concerning transport modes, private cars are the most used, with 19.9%. High usage
rates are also observed for walking (17.1%) and bus (15.1%). Lower usage rates are found
for taxis (8.2%) and electric scooters (7.2%). Interestingly, 10.8% of respondents stated that
they use private cars more frequently as passengers, which is an equally high percentage
compared to those who use private cars as drivers. Finally, 12.9% of the participants use
their bicycles as a primary transport mode.

The main bicycle trip purposes were leisure (31.6%), commuting (12.6%), and “in the
framework of work” (11.8%). Additionally, cycling was chosen for education, transport
mode change, shopping, personal business, and “others” by 11%, 11%, 9.2%, 11.4%, and
1.4%, respectively. It is noteworthy that bicycles in Thessaloniki are used primarily for
recreational purposes, while there is a percentage of 25% of cyclists who make their trips
for work purposes.

Concerning the frequency of use, most of the participants stated a low cycling fre-
quency. Specifically, 23.7% stated 1–2 days per week, 29.5% stated 1–3 days per month, and
18.5% less than 1 day per month. The so-called regular users correspond to 15.3% (3–5 days
per week) and 13% (daily use).

Finally, most of the participants (33.3%) travel for short distances (less than 5 km
weekly) or between 5–10 km (17.3%). The percentages of respondents who cycle 10–20 km,
20–35 km, and more than 35 km weekly were 21.9%, 12.5% and 14.9% respectively. It is
notable that 27.4% of cyclists (27.4%) travel more than 20 Km on a weekly basis (these can
be considered as users that rely on bicycles as their main transport mode).

Figure 2 presents the participants’ responses to the question regarding the main
problems they face when using a bicycle lane in the Municipality of Thessaloniki. The
problems refer to specific design, safety, and efficiency parameters of the bicycle network.
Each participant had to choose the three major problems she/he faces when using the
bicycle network.

Most responses (50.60%) indicated the vehicles illegally parked on the bicycle lane
as the most prominent problem. A high percentage of the sample also identified the
obstruction caused by the pedestrians who walk into the bicycle lane (37.5%), the poor
maintenance of the bicycle network (33.53%), the lack of safety for cyclists when crossing
an intersection (32.14%) and when they approach a bus stop (30.16%), as well as when a
motorized vehicle illegally violates the bicycle lanes (30.95%). Other significant problems
and deficiencies stated were the following: the lack of appropriate ramps on the pavement
edge to facilitate the movement from the road to the sidewalk (27.38%); the insufficient
signing and marking that is necessary to ensure clear and visible separation of the bicycle
lane from road traffic (26.59%); especially in the city center; the lack of sufficient parking
facilities for bicycles across the city and near the main trip destination points (26.59%); the
dangerous “sudden openings” of car doors when parked along the edge of the bicycle
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lane (24.80%). Interestingly, a relatively low percentage of respondents (18.85%) stated the
discontinuity and lack of urban integration of the existing bicycle network as an important
issue compared to the other listed problems. This finding may be explained by the fact that
experienced cyclists tend to also use the main road network in addition to bike lanes.
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In general, it can be concluded that cyclists believe that bicycle lanes in Thessa-
loniki should be better designed and maintained, adequately signalized and marked,
and potentially separated from the road traffic. They also emphasize the need to regu-
late the interactions with pedestrians on the sidewalks and with motor vehicles on the
road intersections.

Figure 3 demonstrates the results of a survey question asking respondents to choose
the three most important interventions that would help to upgrade the bicycle network
and make it safe, efficient, and user-friendly. Most cyclists (52.58%) chose the creation of
an integrated and interconnected network as the main measure of improvement. This is
a surprising finding because the lack of connectivity was not among the top problems of
the bicycle network previously reported. Moreover, 37.50% of the participants mentioned
the implementation of secure bicycle parking spaces in areas with high trip attractions. A
percentage of 37.30% emphasized the need to create physically separated bike lanes from
motor vehicles, either on the sidewalk or directly adjacent to the roadway. Concerning
the geometrical design, 35.52% stated the improvement of the geometric characteristics
of the bike lanes at the urban intersections to avoid and minimize the conflict points with
other road users, 34.52% the quality standards of the pavement of the bicycle lanes, and
29.76% the adequate and visible horizontal and vertical road signage. Finally, 31.35% and
27.78% of the respondents expressed their preference for improved accessibility to parks
and recreational areas and to workplaces as well.
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In conclusion, cyclists want an integrated and connected bicycle network that covers
the entire city, of high-quality infrastructure, and which ensures a safe and comfortable
travel experience.

4.2. Inferential Statistical Analysis

The inferential analysis was focused on examining the statistical correlation between
perceived satisfaction and safety of cyclists. According to the survey findings, security
emerged as a significant problem of the bicycle network in Thessaloniki. Previous research
also demonstrated that the level of safety of bike infrastructures has a significant impact on
user satisfaction [55–57].

The Spearman coefficient was applied as the variables being analyzed were ordinal [58].
The values assigned to the satisfaction and safety variables in the questionnaire ranged
from 1 to 5 on a Likert scale, where 1 corresponds to the worst scenario and 5 to the best
for both variables. The hypotheses tested under the level of statistical significance a = 0.05
were the following:

Null Hypothesis (H0): There is no statistically significant correlation between the two variables,
and the value of the Spearman coefficient is r = 0.

Alternative Hypothesis (H1): There is a statistically significant correlation between the two
variables, and the value of the Spearman coefficient is r 6= 0.

As shown in Table 2, there is a statistically significant correlation between the variable’s
satisfaction and safety at level a = 0.01. The value of the Spearman coefficient is r = 0.317,
indicating a moderate strength relationship and that an increase in perceived safety leads
to a higher level of perceived cyclists’ satisfaction. However, the moderate value of the
correlation also suggests that there may be other parameters that have an impact on cyclist
satisfaction, and this is something that is further explored in Section 4.3.
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Table 2. Results of the correlation between satisfaction and safety variables.

Safety
Satisfaction from

the Existing
Infrastructure

Spearman’s rho

Safety

Correlation
Coefficient 1000 0.317 **

Sig. (2-tailed) 0.000

N 504 504

Satisfaction from
the existing

infrastructure

Correlation
Coefficient 0.317 ** 1000

Sig. (2-tailed) 0.000

N 504 504
** Correlation is significant at the 0.01 level (2-tailed).

4.3. Modeling Cyclists’ Satisfaction
4.3.1. Cyclists’ Satisfaction and Bicycle Network Problems

Multinomial logistic regression (MLR) is used to model the relationship between a
categorical dependent variable with more than two categories and one or more independent
variables [59]. In this research, the dependent value is the cyclists’ level of satisfaction, and
the independent ones are the main problems that face on the bike network of Thessaloniki.
The MLR is applied to identify the factors that have a significant effect on each level of
satisfaction separately (in the Likert scale from “1: very low” to “5: very high”) and to
estimate the probability of a cyclist transitioning from one level of satisfaction to another,
depending on the presence or absence of any of the examined factors. The factor takes
the value 1 when a specific problem has been chosen by the participants and the value 0
otherwise. It should be underlined that ordinal logistic regression is a more appropriate
statistical technique when the dependent variable is ordinal or ranked [60]. However, it
was not preferred because it was initially tested, but the model fit indicators (test of parallel
lines) were not proven satisfactory. Instead, the MLR was applied, and the satisfactory
level was treated as a categorical variable.

The multinomial statistical analysis is performed using SPSS IBM Statistics 25 [61].
Before deciding to use multinomial regression, it is important to perform statistical tests to
determine whether this type of modeling is suitable for the provided data and examine
if the statistical limits are exceeded. As for the model fitting results of the multinomial
analysis displayed in Table 3, the sig value is 0.000 (<0.05), so the selection of this model is
suitable for the provided data. Table 3 presents the appropriate statistical test to evaluate
the overall model goodness-of-fit and statistical significance.

Table 3. Model fitting of multinomial analysis.

Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests

Model Likelihood Chi-Squared df Sig.

Intercept only 1096.913

Final 947.619 149.293 44 0.000

After examining the goodness-of-fit of this model, an overall conclusion regarding the
significance of each of the selected problems can be drawn. Table 4 demonstrates the overall
statistical importance of each of the problems selected for the purpose of the research.
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Table 4. Overall statistical importance of every problem.

Likelihood Ratio

Problems

Model Fitting
Criteria Likelihood Ratio Tests

−2 Log Likelihood
of Reduced Model Chi-Squared Df Sig.

Parked vehicles on bicycle lanes 989.026 41.407 4 0.000

Lack of markings on the
bicycle lane 954.952 7.333 4 0.119

Obstruction of pedestrian traffic 957.749 10.130 4 0.038

Poor maintenance of the
bicycle lane 948.956 1.337 4 0.855

Disconnected bicycle lane
network 970.504 22.885 4 0.000

Insecurity when crossing
intersections 948.881 1.262 4 0.868

Insecurity when crossing in
front of bus stops 955.207 7.588 4 0.108 *

Lack of ramps for accessing
the sidewalk 949.966 2.347 4 0.672

Absence of designated parking
spaces at destinations 949.245 1.626 4 0.804

Dangerous sudden opening of
car doors 949.977 2.358 4 0.670

Vehicles encroaching on the
bicycle lane while moving 949.354 1.735 4 0.784

* This problem is statistically important for a 90% level of significance (a = 0.10).

Through examining Table 4, it is evident that the problems that seem to be statistically
important in an overall analysis of the multinomial model are the following: Parked
vehicles on bicycle lanes, Obstruction of pedestrian traffic, and Disconnected bicycle lane
network. Insecurity when crossing in front of bus stops is statistically important if the level
of significance is 90% (a = 0.10). These early results demonstrate the basic problems of the
network of bike lanes in Thessaloniki and help us identify the parameters that need to be
changed to improve it. In addition, it must be mentioned that for the level of significance
0.10, marginally statistically important is the problem of Lack of markings on the bicycle
lane, as its sig value is 0.119.

The first step of the analysis is the logistic regression, where the probabilities of each
level of satisfaction are modeled. The model equation providing the logistic transformation
of the odds (referred to as logit) is as follows:

Log(odds) = Logit(P(Y = k)) = β0k + β1kX1 + β2kX2 + . . . + βpk × Xp (1)

where:

• k is the number of categories (in this case, k = 5 levels of satisfaction).
• Logit (P(Y = k)) represents the log odds of the probability of the level of satisfaction

being in category k.
• β0k, β1k, β2k, . . ., βpk are the coefficients (parameters) to be estimated for each category.
• X1, X2, . . ., Xp are the independent variables.
• p is the total number of independent variables (eleven bicycle network problems).
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Once the coefficients are estimated, we can calculate the probabilities for each category
using the softmax function. For a given category k, the probability P(Y = k) is calculated
as follows:

P(Y = k) =
exp[Logit(P(Y = k))]

∑k
i=1 exp[Logit(P(Y = i)]

(2)

Finally, the coefficients β0k, β1k, β2k, . . ., βpk are estimated using maximum likelihood
estimation (MLE) methods. The likelihood function is maximized to find the optimal
values of the coefficients that maximize the probability of observing the given data. These
expressions allow us to estimate the relationship between the independent variables and
the probabilities of each category in multinomial logistic regression [62].

The results that emerged from the modulization process identified the statistically
significant bike network problems faced by cyclists. Specifically, the variable “Parked
vehicles on bicycle lanes” is significant for the satisfaction levels “1”, “2”, and “3”. Moreover,
the variable “Disconnected bicycle lane network” is significant for level “1” and marginally
significant for level “2”. Regarding the level “4” that corresponds to high satisfaction, none
of the evaluated problems emerged as statistically significant. This is a finding that is
considered reasonable. Finally, the level of satisfaction characterized as “5” is set as the
reference category for the logistic regression. These results are demonstrated in Table 5.

Table 5. Estimation of the multinomial logistic regression model.

B Std.
Error Sig. Exp(B) Lower

Bound
Upper
Bound

Satisfaction = 1

Parked vehicles on
bicycle lanes 3.447 1.038 0.001 31.402 4.106 240.190

Disconnected bicycle
lane network 1.994 0.783 0.011 7.343 1.582 34.091

Satisfaction = 2

Parked vehicles on
bicycle lanes 3.190 1.039 0.002 24.286 3.170 186.066

Lack of markings on the
bicycle lane −0.775 0.467 0.097 * 0.461 0.185 1.150

Disconnected bicycle
lane network 1.516 0.789 0.055 4.552 0.969 21.387

Satisfaction = 3

Parked vehicles on
bicycle lanes 2.744 1.059 0.010 15.545 1.951 123.840

* This problem is statistically significant at a = 0.10.

In Table 5, a more detailed analysis, apart from the problems that are statistically
important, needs to be done. Specifically, based on the findings of column exp(B), it can be
concluded that someone who has selected Parked vehicles on bicycle lanes as a problem
for his/her daily routes with a bicycle is 31 times more likely to have characterized his/her
satisfaction from the bike lane network with “1” in the Likert scale. Following the same
logic, someone who has selected Disconnected bicycle lane network as a problem it is
7 times more likely to have characterized his/her satisfaction with the bike lane network
with “1”. As for the next scale of satisfaction, the probabilities for someone to have
characterized satisfaction with “2” are 24 times more possible for Parked vehicles on bicycle
lanes, 0.461 for Lack of markings on the bicycle lane, and 4 for Disconnected bicycle lane
network. The 0.461 index in Lack of markings on the bicycle lane is marginal since this
problem is borderline significant for a level of significance of 0.10. Finally, in the last
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category of satisfaction (satisfaction “3”), someone who has chosen Parked vehicles on
bicycle lanes is 15 times more likely to have characterized his/her satisfaction with “3”.

The equations that specify the models for log odds of the probability of satisfaction
being in category k = 1 . . . 3 emerge from column B of Table 5 and are the following:

Logit(P(Satisfaction = 1)) = 0.093 + 3.447 × P1 − 0.142 × P2 + 0.606 × P3 − 0.306 × P4 +
1.994 × P5 − 0.11 × P6 + 0.248 × P7 − 0.412 × P8 − 0.479 × P9 + 0.210 × P10 − 0.475 × P11

(3)

Logit(P(Satisfaction = 2)) = 0.882 + 3.19 × P1 − 0.775 × P2 + 0.02 × P3 − 0.398 × P4 +
1.516 × P5 − 0.144 × P6 + 0.34 × P7 − 0.501 × P8 + 0.229 × P9 − 0.13 × P10 − 0.501 × P11

(4)

Logit(P(Satisfaction = 3)) = 0.600 + 2.744 × P1 − 0.164 × P2 − 0.218 × P3 − 0.521 × P4 +
1.037 × P5 + 0.143 × P6 − 0.451 × P7 − 0.229 × P8 + 0.374 × P9 − 0.197 × P10 − 0.595 × P11

(5)

In Equations (3)–(5) P1, . . ., P11 symbolize the bike network problems, which are
presented in Table 6.

Table 6. Bicycle network problems and model variables.

Variable Problems Evaluated by Cyclists

P1 Parked vehicles on bicycle lanes

P2 Lack of markings on the bicycle lane

P3 Obstruction of pedestrian traffic

P4 Poor maintenance of the bicycle lane

P5 Disconnected bicycle lane network

P6 Insecurity when crossing intersections

P7 Insecurity when crossing in front of bus stops

P8 Lack of ramps for accessing the sidewalk

P9 Absence of designated parking spaces at destinations

P10 Dangerous sudden opening of car doors

P11 Vehicles encroaching on the bicycle lane while moving

4.3.2. Cyclists’ Satisfaction and Expectations

Ordinal logistic models are used to predict an ordinal dependent variable from a set of
independent variables (categorical, ordinal, or continuous). In this research, we developed
an ordinal logistics regression to investigate the relationship between the citizen’s rating of
their satisfaction regarding the bicycle network and their expectations concerning eight
suggested measures to improve the existing bike infrastructure in the city of Thessaloniki.
The dependent variable is the level of satisfaction measured on a 5-point Likert scale, while
the eight independent variables are binary. The value 1 signifies that a specific improvement
measure has been selected by the participants, while the value 0 means that has not. The
model equation providing the logistic transformation of the odds is as follows:

Logit(P(Y ≤ j)) = αj − (β1X1 + β2X2 + . . . + βpXp) (6)

where:

• P(Y≤ j) represents the probability of being at one level (or lower) of satisfaction versus
being at the level above it.

• aj is the intercept corresponding to the level of satisfaction j.
• β1, β2, . . ., βp are the coefficients corresponding to the predictor variables.
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• X1, X2, . . ., Xp are a set of predictor variables (eight proposed measures).
• J = 1, . . ., k−1, where k is the number of levels of satisfaction (k = 5).

In the case of possible improvements and perceived satisfaction, statistical tests for the
selection of the ordinal model were also performed. The first statistical test is the test of
parallel lines, and its results are demonstrated in Table 7.

Table 7. Test of parallel lines—ordinal regression.

Test of Parallel Lines

−2 Log Likelihood Chi-Squared Df Sig.

Null hypothesis 632.732

General 608.554 24.178 24 0.451

Based on the results of the test of parallel lines, it can be concluded that the null
hypothesis can be confirmed. Sig value is above the level of significance (0.451 > 0.05),
which means that the slope coefficients of the variables are the same and linear, so the
model is suitable for the implementation of the ordinal analysis.

The next table (Table 8) displays the model fitting information of the model. It is
evident that the sig value is below the level of significance (0.000 < 0.005), so the given data
can describe the problem appropriately using an ordinal regression model.

Table 8. Model fitting information—ordinal regression.

Model Fitting Information

−2 Log Likelihood Chi-Squared Df Sig.

Intercept only 669.460

Final 632.732 36.728 8 0.000

After understanding that the use of ordinal regression for the analysis of the possible
improvements and the satisfaction, is an accurate choice of model, the next step was the
extraction of the necessary results. These results determine which improvement suggestions
would possibly improve the user’s perceived satisfaction. The results are demonstrated in
the following table (Table 9).

The ordinal regression identified the improvement measures that were statistically
significant (p < 0.05), such as the variable S1, “Create an integrated and interconnected
bicycle network within the city area”, and the factor S8, “Provide direct access to workplace”.
The indexes “1” and “0” at every improvement indicate whether someone has or has not
selected this specific measure (selected = 1, not selected = 0).

The positive sign on the estimate column of the variable S1 signifies that users with
lower satisfaction (levels 1, 2, and 3) are more likely to declare the S1 intervention as a
priority. On the contrary, cyclists with higher satisfaction (levels 4 and 5) are more likely to
choose the S8 measure since the estimated parameter has a negative sign. In other words,
dissatisfied cyclists would expect better connectivity to the network, while satisfied users
would prefer better accessibility to the workplace.

Therefore, the ordinal logistic analysis confirms the main findings of the multinomial
regression. For example, the equation that describes the log odds of the probability of
satisfaction being in a category less than j = 3 emerges from the column entitled “Estimate”
of Table 9 as follows:

Logit(P(Satisfaction ≤ 3)) = 1.073 − (0.68 × S1 − 0.12 × S2 − 0.125 × S3 + 0.104 ×
S4 + 0.109 × S5 − 0.135 × S6 + 0.116 × S7 − 0.53 × S8)

(7)
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Table 9. Estimation of the ordinal regression model.

Estimate Std. Error Wald Df Sig. Lower
Bound

Upper
Bound

Threshold

Satisfaction = 1 −0.971 0.917 1.123 1 0.289 −2.768 0.826

Satisfaction = 2 0.227 0.916 0.061 1 0.804 −1.568 2.022

Satisfaction = 3 1.073 0.917 1.370 1 0.242 −0.724 2.871

Satisfaction = 4 1.860 0.921 4.081 1 0.043 0.055 3.664

Location

S1 = 0 0.680 0.243 7.808 1 0.005 0.203 1.157

S1 = 1 0 * . . 0 . . .

S2 = 0 −0.120 0.232 0.266 1 0.606 −0.575 0.336

S2 = 1 0 * . . 0 . . .

S3 = 0 −0.125 0.234 0.285 1 0.594 −0.582 0.333

S3 = 1 0 * . . 0 . . .

S4 = 0 0.104 0.231 0.204 1 0.651 −0.348 0.556

S4 = 1 0 * . . 0 . . .

S5 = 0 0.109 0.230 0.226 1 0.635 −0.341 0.560

S5 = 1 0 * . . 0 . . .

S6 = 0 −0.135 0.234 0.335 1 0.563 −0.594 0.323

S6 = 1 0 * . . 0 . . .

S7 = 0 0.116 0.230 0.255 1 0.614 −0.335 0.567

S7 = 1 0 * . . 0 . . .

S8 = 0 −0.530 0.240 4.869 1 0.027 −1.001 −0.059

S8 = 1 0 * . . 0 . . .

* This value is set to zero because it is set as the reference value of the ordinal analysis.

In Equation (7) and in the contents of Table 9, S1, . . ., S8 symbolize the proposed
measures for the improvement of the bicycle network in Thessaloniki, which were evaluated
by the cyclists (Table 10).

Table 10. Proposed improvement measures and model variables.

Variable Proposed Improvement Measures

S1 Create an integrated and interconnected bicycle network within the city area

S2 Implementation of secure bicycle parking spaces in areas with high trip attraction

S3 Enhance accessibility to parks and recreational areas

S4 Improve the quality standards of the pavement on bicycle lanes

S5 Create physically separated bike lanes on sidewalks or adjacent to a roadway

S6 Install adequate and clear horizontal and vertical road signage

S7 Improve road intersection design for safe bicycle crossing

S8 Provide direct access to the workplace

5. Discussion and Conclusions

This research aimed to investigate and determine the factors that affect cyclists’ satis-
faction with the existing bicycle lanes in the city of Thessaloniki, as well as their expectations
concerning future improvements. The findings highlight the significant problems regarding
the design, construction, and operation of the bicycle infrastructure. Furthermore, they re-
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veal the necessary improvements for the development of a safe, efficient, and user-friendly
bicycle network.

The data analysis revealed that lack of safety, continuity, and urban integration were
statistically significant issues affecting users’ satisfaction. Moreover, it is demonstrated
that lack of safety is mostly dependent on illegal car parking and the conflicts between
pedestrians and bicycle riders on the bike lanes. Finally, the development of an integrated
and interconnected bicycle network within the city area emerges as a priority to increase
cyclists’ satisfaction and bike trips.

A key outcome of this research could be implemented in the city of Thessaloniki, and
decision makers may utilize some of the findings to develop more sustainable infrastruc-
ture. Thessaloniki lacks a reliable, user-friendly network of bicycle lanes, and following
the example of European cities with the same characteristics, the city’s responsible au-
thorities should consider upgrading the bike lanes. A basic step for the improvement
of the infrastructure is to identify the target group that the bicycle network refers to. In
addition, identify their characteristics, understand their needs, find out what motivates
them to use bicycles, and examine the problems that the network has and constitute a
barrier towards the extended use of bicycles. This research tries to provide answers to most
of the aforementioned parameters and clarifies the overall view of the current situation for
bicyclists in Thessaloniki. Decision and policy makers could utilize this project to examine
the problems that bicyclists face, the parameters that affect their satisfaction, and categorize
the improvements that need to be made for the upgrade of the network. A categorical order
of the most important actions can also be organized based on the factors that appear to be
statistically important for bicyclists.

Furthermore, the respective authorities could benefit from the findings of this research
in a future reconsideration of the bike lane network in Thessaloniki. The city’s transport
system needs to be more flexible and resilient to changes. Thessaloniki was not able
to adapt to the rapid changes that the SARS-CoV-2 pandemic brought, and the city’s
transport environment remained, overall, the same as before the pandemic. In other cities,
authorities understood the importance of bicycle lanes for the everyday life of citizens
and developed new and temporary bike lanes, and in many cases, they extended their
network [63]. In Thessaloniki, the only example close to this was the creation of the bike
lane in the eastern part of the Municipality of Thessaloniki (Konstantinou Karamanli
Avenue), but this bike lane is not in operation anymore. The present research demonstrates
the low level of satisfaction that people express about the bike lane network as well as
the need for improvements. These results can offer insight to decision makers, so to
design and implement a viable, sustainable, attractive, and efficient bicycle lane network in
the city.

Previous studies also demonstrated the importance of similar factors in the cyclist’s
positive perception of the bike paths. According to Calvey, Shackleton, Taylor, and
Llewellyn [64], the condition of the bike path, the constant maintenance of the network, the
material from which the infrastructure is created, and the adequate lighting during the night
are important parameters that determine the user’s satisfaction. Hull and Holleran [65]
have demonstrated that problems such as the width of the bike lane, the sudden opening of
the car doors, the proper lighting, the constant maintenance of the infrastructure, and the
materials that it is constructed from are parameters that users consider as important ones.
Furthermore, Gao, Sha, Huang, Hu, Tong, and W. Jiang [66] reported that the perception
of vibrations caused by bicycle tires and the quality of the bike lane pavement should be
evaluated when considering cyclist comfort. Finally, the study of Katsavounidou, Papa-
giannakis, Christakidis, and Mavros [67] for the city of Thessaloniki confirmed the negative
assessment of the cycling infrastructure by users and their low satisfaction with the main
design features.

Following the above discussion, a new policy concerning the bike lanes in Thessaloniki
should be implemented. The development of a bicycle master plan is necessary with the
goal of expanding the bicycle network so as to connect the entire city and to provide safe,
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fast, and easy accessibility to areas with high trip attractions, such as workplaces, parks,
recreational areas, and university campuses. In addition, as safety has proven to be an
important factor for cyclists, interventions to improve the design features of bike lanes
should include providing physically separated cycle tracks on the sidewalk or adjacent
to the roadway, improving road intersection design for safe bicycle crossing, installing
adequate and clear horizontal and vertical road signage, enhancing the technical standards
of the pavement material, and ensuring good maintenance of the infrastructure.

The implementation of a bicycle network that is attractive and user-friendly will
contribute to reducing car use and achieving a higher degree of sustainability and resilience
for the city of Thessaloniki. The findings of this research can provide policy makers with an
inside understanding of cyclists’ satisfaction and expectations and support future decisions
on bicycle network development.

Future research will include a deeper analysis aiming to identify the specific factors
related to the design and implementation of the bicycle network, which influence the
perceived level of safety for cyclists. Further research is also needed to investigate and
model public willingness to adopt cycling as an alternative transport mode when bike lane
infrastructure quality is improved.
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