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Abstract: Cycling constitutes a clean, healthy, and low-cost mode of transport. Therefore, the
promotion of cycling is currently one of the main goals of administrations around the word. Former
studies have shown that safety perception plays a fundamental role in the acceptance of bikes as a
habitual mode of transport. In this context, this research aims to determine which variables and
actions can give rise to this feeling of safety and, therefore, collaborate in the modal shift towards a
more sustainable mobility. For this purpose, different strategies have been developed in two
different contexts, Helsinki and Barcelona, using two different methodologies, namely expert
interviews and analysis of survey data. Particularly, the methodology of analysis used includes
descriptive statistics and path analysis. Results point out that safety perception highly depends on
trip purpose, as significant differences are observed for daily users compared to those who cycle for
sport reasons. Demographic characteristics (age, gender, etc.) and use patterns are also associated
with different perceptions of safety and different behaviors. However, for any cyclist, the quality of
the available infrastructure significantly influences his/her safety perception. Thus, the provision of
good quality and well-structured cycling infrastructure is the most important initiative to promote
cycling.

Keywords: cycling adoption; safety perception; cycling infrastructure; cycling interactions;
cycling behavior; risk tolerance

1. Introduction

In recent years, mainly as a consequence of global warming and the high levels of
pollution suffered in many cities around the world, mobility, and in particular urban
mobility, has undergone a positive revolution [1,2]. This revolution was accelerated by
the COVID-19 pandemic, as it became clear (i) that if road traffic decreased, the air was
cleaned, noise was reduced, and even fauna and flora were reborn in some cities and (ii)
that most of these cities had been designed to facilitate the transit of motor vehicles, at the
expense of reducing space for citizens. While at the end of the last century and the
beginning of the current one, the leading topics in the field of mobility were autonomous
vehicles or flying drones, in the last decade, the terms “sustainable mobility”, “friendly
mobility”, “soft modes of transport”, and “multimodality”, among others, have been in
the spotlight of most administrations. The role that technology can play in achieving
better mobility is not relegated, but it becomes a tool to be applied when necessary and
not an end in itself, as it could be perceived in the past. Among other measures, some local
administrations are looking to implement the 15-min city model, so that access to major
activities is feasible on foot or using soft modes of transport, including scooters. Other
more dispersed cities are working to coordinate these same models for last-mile trips with
medium/long distance public transport services. Both the safe coexistence of the different
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means of transport within cities and their seamless coordination so that they allow any
distance to be covered are still challenges to be solved in most territories [1,3,4].

Cycling fits perfectly into any of the above terms representing current trends in
mobility. It constitutes a clean and healthy, low-cost mode of transport that, if properly
integrated, can be part of a mobility chain that includes other means of transport [5]. This
is why many administrations have implemented or promoted bike-sharing rental systems
[2], have deployed bike lanes in their territories, carry out communication campaigns to
promote cycling, or legislate to protect cyclists from, above all, motorized means of
transport. Despite these common efforts, the degree of success of these measures varies
widely: while in some cities (e.g., Utrecht, Munster, Antwerp, Copenhagen, Hangzhou)
cycling has become a common and majority mode of transport, in others (e.g., Hong Kong,
Chicago, Madrid, etc.), the modal share of cycling is still very low [6]. Many researchers
([2,7], etc.) have been interested in this subject and have shed light on the possible causes
for these differences. Additionally, there are many possible influential variables analyzed
and the methodologies used for such analyses. Among these variables are those related to
the configuration of the city itself (size, location of activities, orography, etc.), the existing
cycling infrastructure (dedicated or not, length, location, design in plan and elevation,
etc.), the existing alternative transport offer (e.g., quality of public transport), the weather,
etc. User-related variables are also considered, ranging from socio-demographic factors to
previous cycling experience and expertise, sensitivity to climate change, driving behavior,
risk tolerance, etc. [2]. The large number of variables involved, as well as their variability
depending on the context, make it difficult to carry out any research without limitations
and whose results can be generally extrapolated. The positive side of this fact is that any
additional study implies a contribution to the state of knowledge.

In this context, this article starts from the premise that the perception of safety or,
conversely, the fear of having an accident while cycling, play a fundamental role in,
respectively, the greater or lesser acceptance of bikes as a habitual mode of transport [8].
Therefore, the objective of this study is, on the one hand, to verify this hypothesis and, on
the other hand, to determine which variables and actions can give rise to this feeling of
safety and, therefore, collaborate in the modal shift towards this sustainable mode of
transport. This analysis has been carried out in two different contexts, Helsinki and
Barcelona, and using two different methodologies, namely expert interviews and path
analysis. This combination of contexts and methodologies has allowed interesting
conclusions to be drawn, which can help administrations in their effort to promote
cycling.

The rest of this paper is organized as follows: Section 2 contains a literature review
on the factors influencing cycling and cyclists’ perceptions and behaviors; Sector 3
introduces the two methodologies used in this research, that were respectively applied to
the case studies explained in Section 4. Then, the results of both data analyses are included
in Section 5 and discussed with more detail in Section 6. Finally, the main conclusions of
this research are drawn in Section 7, where some limitations and possible topics for future
research are also highlighted.

2. Literature Review

In some small cities and towns around the world, bicycles have been one of the most
widely used means of transport for many years. In contrast, their introduction as a regular
mode of transport is more recent in other areas, and it is mainly linked to the fight against
pollution and the increase in congested traffic situations [2,3,5,6]. Administrations try to
improve cities’ quality of life, among others devoting more space to soft modes of
transportation [4]. Therefore, they launch sensibilization campaigns aimed at changing
travel patterns towards sustainability. Worldwide, an increasing number of citizens
positively react to these messages and adopt bikes as a healthy, cheap, and sustainable
mode of transport. However, overall, there is still much to do so that bike use rate
resembles individual car or public transport use rates. In fact, even cyclists seem to be
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divided into two groups: first, those that do not consider bikes as a “normal”
transportation mode, but as a means to do sport, and frequently use private cars for their
daily trips, and second, those that conversely see bikes as another natural means and do
not usually travel with public transportation or private cars [9].

Ref. [10] performed a comprehensive review of cycling behavior across countries and
citizens with very different features. Particularly, they compared the results of several
city, regional, and national travel surveys from 17 countries across of all continents,
launched between 2009 and 2019. The Netherlands, Japan, and Germany stood out as
those countries with the highest cycling level, mainly because of the contribution of people
living in cities. In these and other areas with high bike use, trip purpose was both related
to commuting and to other activities (shopping, leisure, etc.). Conversely, commuting was
the main goal of bike use in other areas with lower cycling levels. It was found that
women’s cycling was determinant for these differences, that is, women made as many or
more trips by bike than men in high cycling areas (with a modal split of 7% or higher) and
much less in those areas with low cycling rates. Average distances were similar all along
the surveyed areas, being of 2-3 km. Regarding age, people older than 60 years were in
both cases underrepresented, while children younger than 16 years had a significant
representation among cyclists in high cycling areas. The authors concluded that these high
cycling areas had managed to make cycling inclusive, that is, attractive and feasible for
users of all genders and ages. In this sense, they claimed the need for not only providing
commuters with safe corridors, but also children in their routes to school. Finally, they
reasoned that not only city centers, but also neighborhoods, should be adapted to be
cycling-friendly.

Although certain boundary conditions certainly help, there is no magic recipe for
rapidly increasing the rate of cycling. In fact, several and varied factors are behind
people’s higher or lower adoption of bikes. For example, many studies have found a
relationship between people’s perception of safety, which is at the same time linked to
their behavior while cycling, and their bike intensity of use. Ref. [11] assessed cyclists’ risk
perception and its potential change along the different seasons, which could influence the
modal choice. They launched a survey in Trondheim (Norway) and used structural
equation modeling to analyze the data. Results indicated that risk perception was very
linked to the decision whether to use the bike and with which frequency during the
winter, but not in other seasons. Respondents perceived the same probability of an
accident during the whole year and also considered its possible severity invariant.
However, their feeling of worry, which is the result of an individual’'s cognitive
assessment of risk, attitudes toward traffic rules, risk tolerance, and safety priority, was
higher during the winter months. Using the answers to the same survey, ref. [12]
investigated the effect of factors such as general attitudes toward traffic safety, risk
perception, worry, risk tolerance, safety priority, and accident involvement on cyclists’
risk-taking behavior. The latter was divided into two main categories, namely the
violation of traffic rules, and causing conflicts with other road users when cycling. Results
showed that the most influent factors were attitudes, risk perception, and accident
involvement. Particularly, the frequency of traffic rule violations was associated with
pragmatic attitudes toward them, as well as to safety priority. For their part, disagreement
with cycling traffic rules or with their enforceability turned out to be linked to the
frequency of cyclists’ conflicts with other road users. This was also the case for risk
perception and accident involvement. The latter, however, did not affect the frequency of
rule violations when cycling. The authors warned of the need for awareness campaigns
targeting cyclists as the main agents to protect themselves and the others. They further
pointed out that such campaigns should treat cyclists as any other mobility agents and
not as vulnerable users. For the particular case of two-lane rural roads, ref. [13] found that
younger cyclists had the riskier behavior and the lowest risk perception. It was also
confirmed that users aware of traffic rules behave safer.
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For their part, ref. [14] asked 1064 cyclists and 1070 non-cyclists to answer their
Cycling Behavior Questionnaire (CBQ, [15]), finding that their self-reported and proxy-
reported behaviors regarding riding errors, traffic violations, etc. were very different.
Non-cyclists took cyclist behaviors as much riskier than cyclists themselves, which was
seen as a possible cause of conflictive interactions between users of different mobility
modes. Like ref. [12], these authors claimed the need for rising behavioral awareness
among bike users and not only putting the spotlight on other mobility agents, usually car
drivers, when trying to avoid accidents. Using the same survey, ref. [7] performed Chi-
square independence tests trying to find those reasons that encourage and discourage
people from cycling, both in general and depending on their trips, and including those
factors linked to previous experiences. The most decisive encouraging factors were
physical health and fitness (38%), environmental awareness (14%), economy (13%), and
time savings (10%). Conversely, risk perception (17%), unfavorable weather conditions
(17%), and lack of security related to thefts (16%) were the most relevant discouraging
factors. The authors concluded that the decision whether or not to travel by bike is the
result of an analysis of pros and cons. In any case, cycling is identified as having health
benefits. Additionally, focusing on the 1064 cyclists, who had a mean age of 32.83 years,
ref. [16] tried to infer which factors were the main cause of accident among them. They
developed structural equation models showing that these factors were their perception of
risk and their individual tendency to risky behaviors, their level of knowledge of traffic
norms and their cycling intensity, i.e., the number of hours per unit time they cycled,
which leads to objective more exposure. It was also demonstrated that age played an
important role. For example, younger cyclists with high cycling intensity were more prone
to risky behaviors. This could explain their more frequent involvement in accidents. Ref.
[17] also assessed with these data (61.2% of the 1064 cyclists were males and 38.8%
females) potential differences in risky and positive riding behaviors linked to gender. The
authors chose a set of demographics, psychosocial, and bike use-related variables as
potential predictors and used a multigroup structural equation modeling approach for
the analysis. Results showed that some variables, namely hourly intensity, psychological
distress, and level of knowledge of traffic rules were good predictors of risky behaviors
for both genders. However, age and risk perception were no significant behavioral
predictors for women. Regarding the predictors of positive behaviors, age was useless for
all cyclists. Psychological distress played a fundamental role for females, while cycling
intensity, knowledge of traffic rules, and risk perception were more important for male
cyclists. Overall, it was demonstrated that different variables should be used to predict
cyclists’ behavior depending on their gender. The usefulness of the CBQ to assess both
risky and positive riding behaviors of cyclists in different countries, contributing to assess
and improve cycling safety from the human factors approach, has been well proven [18].
For example, the CBQ was also used by ref. [19] to assess the differences of cycling
behavior among three emerging cycling countries with different levels of development. A
total of 1094 inhabitants from Australia, China, and Colombia participated in the study.
For all countries, cyclists reported more frequent positive behaviors (i.e., maneuvers or
initiatives aimed at cycling safe) than risky behaviors. Particularly, Australian cyclists
reported more positive behaviors and fewer violations than cyclists from the other
countries, which could be a consequence of the cycling’s boundary conditions, namely the
quality of the infrastructure and the implemented policies. Regarding gender, males
confessed to engaging in risky behavior and to being involved in accidents more often
than females. Similar relations were detected when comparing the behaviors of younger
and older cyclists. Moreover, very interestingly, trust was shown to play a role, as frequent
cyclists reported more frequent risky riding.

In the next studies, the influence of the available infrastructure and the subsequent
interactions of cyclists with other mobility agents on cyclists” safety perception and/or
behavior were analyzed in detail. Ref. [20] launched two related surveys in France,
respectively addressed to cyclists and car drivers, in order to analyze their particular
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perception of crash risk in bike—car interactions. As expected, cyclists showed a higher
risk perception when interacting with cars than with other cyclists, but this risk perception
was even higher for car drivers. Cycling or driving experience in terms of km travelled as
well as the perceived control of the interaction diminished the perceived risk. Regarding
peer-to-peer interactions, perceived risk was again higher for car drivers than for cyclists.
For their part, ref. [21] conducted a survey in Berlin with questions referring to factors
such as the street type and the speed limit, the type of bike facility (lane or track, location
and segregation, if any, width, pavement surface, and lateral buffers) and collected data
from almost 14,000 respondents. After analyzing them statistically, results indicated that
cycling tracks (i.e., bike lanes between a car parking area and the walkway) were
perceived as safer than cycling lanes, which in any case were seen as better than not
having dedicated facilities. It was also demonstrated that, as expected, physical
separations from cars, great width and colored, eye-catching surfaces contributed to a
higher safety perception. Overall, those factors linked to actual safety were shown to also
affect the subjective safety perception. Ref. [22] also aimed to analyze cyclists’ risk
perception regarding two particular types of potential accidents: those involving a motor
vehicle and those involving only individual riders. They recruited nearly 2000 cyclists
over 55 years from the Netherlands, and over 40 years from Flanders, Brussels, and
Wallonia. Results showed that 60% of the respondents perceived bicycle-motor vehicle
crashes as the main cause of cyclists” hospitalization, especially in the Belgian areas and if
they had had such a previous experience. However, experience with bike-only accidents
in cyclists over 60 years caused the opposite feeling. Despite these general trends, slight
differences were found across the different regions, which were associated to the type of
bike facility: the more the exposure to/interaction with car traffic, the higher the risk
perception. Considering that practice has demonstrated that, no matter the modal split,
ie, if the number of frequent bike users, single-bicycle crashes are related to more
frequent and more severe injuries of cyclists than bicycle-motor vehicle crashes, measures
aimed at raising the awareness of the risk of single-bicycle crashes and at avoiding such
crashes should be implemented.

Real safety is different from safety perception. However, some authors have tried to
find a relationship between both and, additionally, to detect those factors that make
cyclists prone to damage or crashes among them and with other mobility users. Ref. [23]
aimed at looking for the factors behind the accident rate of cyclists related with aberrant
behaviors. To this end, they developed the Chinese Cycling Behavior Questionnaire. They
gathered responses of 547 participants and used exploratory and confirmatory factor
analyses as key methodologies. These authors found that four particular factors, namely
rule and aggressive violations, ordinary violations, personal control errors, and
distractions explained almost 50% of the total variance. Except for control errors, the rest
were more common among males. Age was a differential factor, younger cyclists being
more prone to irresponsible behaviors. Additionally, multiple regression analyses
showed a relationship between both violations and distractions and the number of self-
reported crashes. For their part, ref. [24] studied the role of safety concerns, both perceived
and real, in the adoption of cycling as a transportation mode. They chose a population
with a high level of cyclists, Finland, and launched among them four questionnaires, the
Cycling Behavior Questionnaire (CBQ), Cyclist Risk Perception and Regulation Scale
(RPRS), Cyclist Anger Scale (CAS), and Cyclist Aggression Expression Inventory (CAX).
Finnish cyclists reported very few errors and violations, and high levels of knowledge of
traffic rules. Aggressions were uncommon, and anger mostly resulted from interactions
with motor vehicles. In fact, allocating enough separation between cyclists’ tracks and
regular traffic lanes was pointed out as key to reduce the crash risk while cycling.
Promoting risk awareness among those riders with riskier behaviors could also contribute
to this goal.

Other authors mainly addressed actual safety of cyclists. For example, ref. [25] tried
to overcome the lack of reliable cycling exposure data when analyzing safety and risks
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among cyclists. They performed a literature review including 20 papers that proposed
different methods and parameters to measure cycling exposure and analyzed their
findings. Retrospective studies were focused on major bicycle accidents, whereas
prospective studies included all types of accidents. The former highlighted differences
regarding gender and age, men suffering more accidents than women and older people
more injuries than middle-aged cyclists. Not enough data of cyclists under 18 years old
were available. As expected, darkness led to more accidents. Additionally, neither helmets
nor flashy clothing reduced the risk of being involved in an accident; nor did experience.
Conversely, higher drivers—cyclists awareness as well as an appropriate and well-
maintained, if possible dedicated, infrastructure would improve bicycle safety. For their
part, ref. [26] investigated the impact of cyclists’ age and gender on the risk of crash,
statistically analyzing the data collected by the Spanish Traffic Administration between
1999 and 2009. Results showed that, in spite of their gender, cyclists younger than 30 years
old and older than 65 years old had the highest accident risk. In between, the exposure
rate ratio decreased with the age. Adding data from two more years (2010 and 2011), ref.
[27] refined the previous study. They used decomposition and quasi-induced exposure
methods to obtain the contributions of exposure, risk of collision, and fatality rate to the
mortality ratios, considering gender and age. It was found that death rates increased with
age, and that this fact had a clear relationship with the fatality rate. However, it was the
risk of a collision that acted as main component of increased death rates among younger
cyclists. Death rates were higher for men for all ages. These rates increased with the age,
exposure being the main component of this increase, followed by fatality. Overall, young
male cyclists were found to be the group with higher risk of dying in a crash.

As for safety perception, the available infrastructure also influences actual safety. Ref.
[28] assessed the relationship between key infrastructural and human factors present in
cycling, including self-reported experience, with crashes. Descriptive statistics (means,
standard deviations) and Pearson’s (bivariate) correlational analyses determined that
associations were significant. Additionally, age, riding intensity, risky behaviors, and
problematic user/infrastructure interactions arose as good predictors of road crashes
among cyclists. Ref. [29] wanted to find out why some American cities were found safer
for cyclists than others. They used multilevel, longitudinal, negative binomial regression
models to analyze accident data over 13 years from 12 large American cities, which
compressed more than 17,000 fatalities and 77,000 severe injuries. They concluded that the
availability of bike facilities, especially protected separated lanes, was the main factor
leading to safety among cyclists. Additionally, a high-density network of these facilities
also improved safety for other mobility agents, as it involves a traffic calming effect.
However, these authors did not find the link between higher numbers of cyclists and
greater safety that can be found in other works in the literature. For their part, ref. [30]
analyzed the influence on the built environment on cyclist injury severity in car—bike
crashes. Their study was performed gathering built environment features of Seattle and
using bike crash data from 2004 to the beginning of 2013, which was provided by the
Seattle Department of Transportation (SDOT). After generating a generalized ordered
logit model and a generalized additive model, the authors concluded that injury severity
was negatively associated with employment density and, conversely, this association was
positive for the case of the poster speed limit or the involved vehicle’s size. Cyclists
wearing reflective clothing were less likely to be injured, as well as cyclists driving in
streets with good lightning. Age was found to play a role, older cyclists suffering more
severe injury. Ref. [31] used the Great London bike sharing data from 2012 to 2013 to
analyze the role of the infrastructure and land use in bicycle crash exposure and
frequency. They developed random parameter negative binomial models that indicated
that bike crash frequency was positively correlated to road density, commercial area,
proportion of elderly, male and white race, and median household income. For their part,
ref. [32] retrospectively analyzed the forensic autopsies of 25 bicyclists (23 men and 2
women), which were performed from 1999 to 2018 by the Department of Legal Medicine
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at Dokkyo Medical University School of Medicine and the Department of Legal Medicine
at Shiga University of Medical Science, in Japan. In all cases, cyclists died because of self-
inflicted accidents as falls and obstacle collisions, i.e., no other actors were present. The
most significant finding was that alcohol was present in 52% of the cyclists, the mean
blood concentration being 1.59 mg/mL, and that no one wore helmet. Their mean age was
63.7 years, which could have influenced their lack of reflexes and also their chances of
survival after suffering a serious injury. These factors could also be behind accidents with
interactions (i.e., collisions with other mobility users), which are sometimes associated to
the lack of a good infrastructure without further analyses.

The above studies shed light on a number of factors that may positively influence the
perceived safety of cyclists, as well as the actual safety, and thus lead to a higher rate of
adoption and use of cycling as a usual mode of transport. In this context, interactions with
other mobility agents, be they other cyclists, motor vehicles, pedestrians, scooters, etc.,
play an important role. And these interactions depend to a large extent on the existing
cycling infrastructure. That said, other factors extrinsic and intrinsic to users, may also
have a significant effect. The weight of these factors is different across the existing studies,
which makes it necessary to further investigate these relationships. That said, this article
allows comparing the extent to which these variables influence the perception of safety
and the frequency of cycling in two cities with very different characteristics and among
whose inhabitants there are also clear socio-cultural differences. This is done applying
two very different methodologies. It also assesses if the importance of the existence of
infrastructure is influenced by other variables.

3. Methodology

This research includes the use of two very different methodologies, which have been
applied to two different case uses: expert interviews and exploratory and path analysis of
survey data. Thus, quantitative and qualitative methods are implemented in this research.

3.1. Method 1: Expert Interview

The first applied methodology was expert interview. This is a method of qualitative
empirical research widely used in social analyses [33]. It aims at exploring or collecting
data about a specific field of interest and can provide important insights as long as it is
well implemented in its three main stages: (i) the expert selection, (ii) the design of the
interview, and (iii) the interpretation and summary of the responses. In the first stage,
some criteria must be imposed so that someone can be accepted as expert. Additionally,
even when related to the same topic, interviews to experts of different backgrounds, i.e.,
with different approximations to the target topic, are desirable [34]. The design of the
interview must be carefully addressed, as it must combine a reasonable duration with the
obtaining of enough information. The existence of some common questions addressed to
all experts is positive, as it allows for comparisons and debate. However, ad hoc questions
addressed to particular experts can provide valuable additional information.
Supplementary questions often arise spontaneously during the interview. Therefore, a
certain amount of extra time should be included in the calculation of the total interview
time. In addition, the interviewer should be trained to use this methodology and,
preferably, be quite knowledgeable about the central topic under investigation. As with
surveys, questions must be made without introducing any type of bias. Finally, the
interpretation and/or summary of the information should be made by an expert in the
topic, here, the researchers. This process is usually long and time-consuming, but
delegating this task to non-experts could undo the efforts made in the previous phases,
e.g., if subjective opinions are unintentionally introduced or important information is lost.

All these good practices have been followed in this research, in which 9 experts were
interviewed for approximately 1 h.

3.2. Method 2: Exploratory and Path Analysis of Survey Data
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The second applied methodology combined quantitative with qualitative analyses.
First, a survey was designed in Google Forms and launched online. This step followed
similar rules to the design of the interviews. The most relevant questions of a bigger set
were chosen in order to obtain the necessary information but trying not to make a very
long survey that might discourage people from responding. An attempt was made to
include at least one question for each of the variables highlighted in the literature review
as important for cycling adoption and safety. Each of the questions was carefully analyzed
in order to remove any kind of bias. Once checked and tested, the survey was launched
online through personal and institutional social media. Additionally, the link to the
survey was sent to particular people or collectives that could help to promote it, e.g.,
cyclist associations.

Once the survey was closed and the data were gathered, a basic exploratory analysis
was done in order to obtain a first overview of the results. Afterwards, Mplus software,
developed by the company Muthén and Muthén (Los Angeles, CA, USA), was used to
implement the technique of path analysis (PA). This method, boosted in the second half
of the past century, is a forerunner and subset of structural equation modeling. It allows
the effects of a set of variables acting on a specific issue to be discerned and evaluated
through multiple causal pathways. Basically, PA is founded on a closed system of nested
relationships among variables that are represented statistically by a series of structured
linear regression equations [35]. It is therefore based on similar hypotheses to linear
regression, but some additional restrictions are included to describe the allowable pattern
of relations among variables. These are embodied in a path diagram, a type of directed
graph, indicating arrows the directions of these relationships.

4. Case Studies and Available Data

The aforementioned methodologies have been applied to two different European big
cities, Helsinki and Barcelona, respectively in the north and south of the continent. The
objective behind this decision was to enable a comparison of results between cities with
different boundary conditions (e.g., culture and social uses, climate, etc.) and to extract
generalizable conclusions.

4.1. Case Study 1: Helsinki

The first methodology was applied to Helsinki. After several iterations, nine experts
on cycling were chosen to be interviewed. Table 1 contains the basic data of all
interviewees. Their expertise on cycling was different, i.e., not only did they use the bike
in their personal lives, but they were engaged with this means of transport from different
points of view. These personal approaches matched in all cases with one or several of the
dimensions of the integrated cycling policy model proposed by [36], which is represented
in Figure 1. This model contains the main variables that influence the boundary conditions
of cycling in a city, leaving aside aspects intrinsic to the users, which were in any case
addressed during the interviews. These took place online and were recorded, which
allowed for a better post-processing of the information.
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Planning instruments

Regulations

Social/Cultural
movements

Training/
coaching

Figure 1. Dimensions of the integrated cycling policy model [36], categorized by the authors as an
initial hypothesis for the interviews.

Table 1. Basic data of the interviewed experts.

Expert Occupation ! Dimension of Expertise

Urban Environment Department, City

1 (female) Governance, Regulations

of Helsinki
ltural ts i
2 (male) Finnish Cycling Federation Governance, Cultura @ovemen s
favor of cycling
Governance, Communication,
3 (female) Helsinki Region Cyclists” assoc. Cultural movements in favor of
cycling
Regulati Itural
4 (female) Non-profit cycling advocate egulations, Governance, Cultura
movements
5 (male) Cycling classes for immigrants Training, Communication

Training, G , Cultural
6 (female) Network of Cycling Municipalities ratiing, overnance, L-uitra
movements

Traffic Engineer at Urban ..
Infrastructure, Planning instruments,

7 (male) Environment Division City of .
1 Regulations
Helsinki
Traffic planner at the Urban

8 (male) Environment Division, City of Infrastructure, Planning instruments,

Helsinki. Member of the Bicycle Regulations

planning team

9 (female) Academy research fellow Cultural movements, Communication

! Position or institution related to cycling: it may not be the interviewee’s primary occupation.

4.2. Case Study 2: Barcelona

The second methodology was applied to the city of Barcelona. First, the questionnaire
consisted of 37 questions: 1 was to control that only people cycling in Barcelona answered
the survey, 5 asked about sociodemographic data, 1 about respondents’ knowledge of
cycling rules, 8 about previous experiences related to cycling, 3 about the available
infrastructure, 1 about preferences for cycling, 7 about perceptions while/related to
cycling, 4 about use patterns, and 5 about respondents’ behavior as cyclists. Finally, 2
more questions with open answer were included so that respondents could include
suggestions/claims aimed at improving the boundary conditions for cycling in Barcelona.
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In order to reach as many responses as possible, the questionnaire was launched in the
late summer of 2022 in two languages, Spanish and Catalan. The translated version can
be found in Appendix A. After applying a cleaning process, 205 valid responses, 139 in
Spanish and 66 in Catalan, were ready to be analyzed at the beginning of October of 2022.
Table 2 contains the basic sociodemographic data of all respondents. More men than
women answered the survey, but both genders have an acceptable representation. The
share of ages, education level, average income, and physical condition among the
respondents is also adequate. The groups with less responses in each category were those
of very young cyclists, cyclists with only basic education, and cyclists with a high average
income. Most of the respondents stated that they were in good or normal physical
condition.

Table 2. Sociodemographic data of the respondents.

Sociodemographic Categories Percentages (%)
Female 30.2
Male 68.4
Gender No binary 0.0
Prefer not to answer 14
Under 18 years old 6.0
Age From 18 to 25 years old 18.1
From 26 to 50 years old 419
Over 50 years old 34.0
Basic education 7.0
High School 134
Highest education level Professional training 16.3
Bachelor 38.6
Master/PhD 23.3
Below 1000 € 20.0
Between 1000 and 2000 € 31.6
Average income Between 2001 and 3000 € 24.2
More than 3000 € 10.2
Prefer not to answer 14.0
Very good 17.2
Good 39.7
Physical condition Normal 35.8
Under average 59
Bad 1.4

The next step consisted in performing an exploratory analysis of the data. Table 3
contains an overview of the responses to the questions related to use patterns, Table 4
shows responses to the questions about knowledge of cycling rules and behavior as
cyclists and Table 5 includes the information about the available infrastructure in the
respondents’ usual itineraries. Finally, Table 6 shows the share of some answers related
to users’ preferences and perceptions, which are assessed in more detail during the path
analysis.

As it can be seen in Table 3, the sample includes an adequate representation for
different users in terms of frequency of cycling. The percentage of sporadic users reached
27%, while the rest of the sample reported cycling at least 1-2 days per week. Next, the
average distance travel ranged from less than 1 km to more than 10 km. As it was expected
in habitual cyclists, almost 50% of the sample reported an average travelled distance
higher than 10 km. Considering the purpose of the trip, 66.7% of the trips corresponded
to sport activities while 17.9% were related to commuting to work or to study.
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Table 3. Use patterns of the respondents.

Use Pattern Categories Percentages (%)

Sporadic 27.0

Frequency of cycling (days a 1-2 21.4
week) 3-4 27.7
5-6 16.7

7 7.2

<1 4.7

Average distance travelled 1-3 9.5
(km) 3-5 13.4

5-8 10.4

8-10 11.9

>10 50.1

Commuting to work/studies 17.9

Errands 6.2

Use purpose Usual transport 6.2

Sport 66.7

Other uses 3.0

Table 4 shows revealed user behaviors: 28.9% of respondents admitted that they only
knew fundamental cycling rules, while 26.9% declared to have learnt these rules in the
past, although they ignored if these regulations are currently obsolete. Thus, only 40.2%
of the participants declared that their knowledge of cycling rules was updated. On the
other hand, 59.5% of the sample reported a usual compliance with traffic regulations for
bicycles and 26.5% declared permanently complying with the rules. Similar behaviors can
be found for signaling maneuvers while cycling and respect for road signs, as it can be
seen in Table 4. Lastly, regarding cycling behavior in absence of bike lanes, 74% of
participants cycled mostly on the road, whereas 14.7% preferred to use sidewalks.

Considering the availability of cyclist infrastructure, 12.3% of respondents stated the
coverage of bike lanes in their usual itinerary was complete or almost complete, 39.2%
found it in a great extent, and 27.4% perceived the coverage as medium. These figures
show, overall, a high amount of bike lane infrastructure for the sample of the survey. The
location of bike lanes in their itinerary was mostly on the road (46.8%) or both on the road
and on the sidewalk (35%).

Table 4. Revealed user behavior of the respondents.

User Behavior Categories Percentages (%)
All and updated 40.2
Knowledge of the cycling I've learnt them but I don’t know if 26.9
ules they are updated
Only the fundamental ones 28.9
No 4.0
Always 26.5
Compliance with traffic Usually 59.5
regulations for bicycles Sometimes 10.9
Hardly ever 1.6
No 1.5
Always 36.7
Signaling maneuvers when Usually 40.9
cycling Sometimes 14.9

Hardly ever 3.9
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No
Always
Usually
Sometimes
Hardly ever
No
Mostly on the sidewalk
Mostly on the road
On the sidewalk and on the road

Respect for road signs for
cyclists

Cycling when there are no
bike lanes

3.6
40.7
47.1

9.9

1.6

0.7
14.7

74
11.3

Table 5. Available infrastructure in the respondents” usual routes.

Percentages (%)

Available Infrastructure Categories
Complete or almost
Coverage of bike lanes in the In a great part
usual itinerary Medium
Almost inexistent or inexistent
. . Mostly on the sidewalk
Type of bike lanes in the Mostly on the road

usual itinerary On the sidewalk and on the road

12.3
39.2
27.4
21.1
18.2
46.8
35.0

Answers about preferences, perceptions, and influence of scenarios while cycling are
included in Table 6. The preferred bike infrastructure was segregated on the roadway
(46.5%), followed by no need for dedicated infrastructure (19.2%) and segregated lanes no
matter the type (11.7%). Next, while cycling on the roadway, 36% of the sample declared
that they felt safe, while for 22.4% of participants, safety perceptions in this case depended
on the speed of vehicles close to them or on the lane width (19.7%). Last, 52.2% of
respondents reported no effect of dedicated infrastructure on their safety perception,
whereas 39.9% declared a limited effect with only small modifications on the route in

order to find it.

Table 6. Examples of respondents” answers to questions about their preferences, perceptions, and

influence of the boundary conditions while cycling.

Examples of Preferences,
Perceptions and Influence Categories
of the Boundary Conditions

Percentages (%)

Segregated on the sidewalk
Segregated on the roadway
Preferred bike infrastructure Segregated between the sidewalk
and a row of parked vehicles
Segregated, no matter the type
No need of dedicated infrastructure
Safe
Depending on the speed of the near
Safety perception while vehicles
cycling on the roadway  Depending on the number and size
of near vehicles
Depending on the lane width
Always a bit nervous
Unsafe
Great. Ad hoc modification of the
route.

14.2
46.5

8.4

11.7
19.2
36.0

22.2

8.8

19.7
7.3
6.0

7.9
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Effect of the existence of To a certain extent. Only slight
. . S 39.9
dedicated infrastructure on modification of the route
bike use No effect 52.2

After performing the former exploratory analysis, a hypothesis was made about the
model that could govern the relationships between the different variables considered in
the survey. This model was elaborated by the authors after several iterations, based on the
state of the art and their own engineering criteria on the subject. Figure 2 shows the initial
model used, which was introduced in the Mplus software to test its goodness, applying
the PA method. The significance level accepted was 10%.

e N
Sociodemographics, \
i/ physical condition
9 ) Use patterns
- ~ Preferences
Previous

experiences/

observations
\_ J

- ~

Perceptions

Rules' knowledge

S - Travel behavior
' N
Available
infrastructure
\. J

Figure 2. Initial proposal for the model.

As can be deduced from Figure 2, the hypothesis put forward in this research was
the following: we believe that socio-demographic factors, as well as the available
infrastructure, together with cyclists” knowledge of the rules and previous experiences by
themselves or acquaintances (e.g., cycling accidents suffered or observed) influence
cyclists’ preferences about the infrastructure and, also, their perceptions. The latter refer
to their feeling of safety when cycling, but also to their feeling of being respected by other
mobility agents, by administrations and by laws. In turn, these perceptions may influence
users’ greater or lesser degree of adoption of cycling as a mode of transport, and their
cycling behavior. As seen in the literature review, the state of the art would also support
the acceptance of variants of this initial model. For example, some research claims that
cycling patterns influence the perceptions and preferences of cyclists. Without denying
the possibility of such a relationship, the authors of this article postulated that the model
in Figure 2 was more feasible.

5. Data Analyses
5.1. Helsinki Highlights

As explained above, a base interview was prepared containing several common
questions that were asked to all the participants. Some of these questions were the
following:

e What is cycling for you?

¢ In which areas can changes be made to encourage more cycling?

¢  In which areas do you see special needs or differences in requirements?
e Do you think cycling in Helsinki/Finland is inclusive?
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e  To what extent do you think the infrastructure devoted to cycling influences traffic
safety? And safety perception and, therefore, cycling adoption?

e  (ritical situations can occur between cyclists and vehicles, between cyclists and users
of other micromobility systems that share the same infrastructure, as well between
cyclist and pedestrians. Which actions are being taken to reduce these conflict
interactions? All cities have tried to regulate them, what were the premises in
Helsinki and is there still room for improvement in this respect?

e  How do you think do regulations frame the (safety) perception of cycling?

e Is any regulation particularly problematic? Would you change any existing
regulation or add any missing one?

Additionally, other particular questions were prepared for each interviewee,
depending on his/her expertise or position. In any case, each interview was unique and
often had to be redirected. If an interviewee was particularly interested in talking about
one specific topic, no objection was made, since it was probably on that topic that he/she
could contribute the most. Table 7 includes the topics related to cycling about which each
interviewee spoke in more depth.

As it can be observed, the topics of greater interest were infrastructure planning, the
need to re-design cities, and how to ensure the coexistence of micromobility with soft
modes of transportation. Interviewees agreed that Helsinki, like many other cities, had
been designed with the private car in mind. The cycling infrastructure in the city has a
wide coverage but lacks continuity in some areas. Hence, experts agreed on the need for
planning to promote modal shift. In other words, planning that ensures that there is an
adequate cycling infrastructure covering the most demanded origin-destination routes.
The improvement of the current infrastructure could, in the opinion of the experts,
penalize private vehicle users. They all saw this fact as a way to force a necessary modal
shift. In any case, the experts also agreed on the need to optimize the coexistence of
cycling, especially with walking, but also with other modes of micromobility such as
scooters. With regard to infrastructure, it was not so much the location of the bicycle lane
that was important to them, but the fact that it is of the right size (width) and dedicated.
Because of the particular climatic casuistry, they all also agreed on the need to improve
the maintenance of bike lanes in winter.

Table 7. Topics covered in more detail by each expert.

Expert Topics
1 Regulations, infrastructure planning
Infrastructure planning, need to redesign cities, coexistence of
2 micromobility with soft modes of transportation, gender gap (safety
perception, travel patterns)
3 Regulations (esp. helmets), infrastructure planning, gender perspective
Regulations, infrastructure planning, need to redesign cities,
4 coexistence of micromobility with soft modes of transportation,
inclusive mobility, cyclists as victims or culprits
5 Infrastructure planning, need to redesign cities
6 Infrastructure planning, need to redesign cities
Regulations, infrastructure planning, need to redesign cities,
7 coexistence of micromobility with soft modes of transportation,

inclusive mobility
Regulations, infrastructure planning, need to redesign cities,
8 coexistence of micromobility with soft modes of transportation,
inclusive mobility
9 Inclusive mobility
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In addition, some experts called for the need to include social perspectives (e.g.,
income level, education level, age, physical condition) in the planning of bicycle
infrastructure and, generally, in its promotion, so that it can become the usual mode of
transport for the widest possible spectrum of the population. However, it must be
highlighted that gender issues were not considered key by any of the experts. Even those
who did address this issue did so from a social rather than an engineering point of view:
they did not believe that there was a need to include a gender perspective in mobility
planning, and more specifically in bicycle mobility, but rather they thought that it was
necessary to focus on social policies to ensure an equal distribution of roles. One expert
commented, for example, that rather than redefining mobility so that women’s mobility
patterns (more frequent, shorter, and off-peak trips), associated with family or home care,
were well served, it was necessary to seek to change or distribute these mobility patterns.
In other words, what they found necessary was the share of such mobility patterns (and,
therefore, or the related tasks) between genders, alternately. The only specific need for
women that was mentioned was to improve the comfort of the saddles, especially in the
bike-sharing systems run by the administrations, a need linked solely to a physiological
feature.

Regarding the current legislation, all experts believed it was sufficient. Moreover,
several stressed their view that cyclists are mobility agents like any others, should
therefore be protected at the same level as others, and should also be required to
contribute to road safety. A point of general agreement was to rule out measures such as
making it compulsory to wear a helmet when riding a bicycle. They believed that this type
of regulation contributes to the perception of cycling as a risky mode of transport and,
thus, undermines its adoption.

5.2. Barcelona Results

The following tables show the final results of the path analysis. Table 8 shows the
causal relationships between variables included in the model that resulted to be
significant. For its part, Table 9 shows the existing correlations among variables. The rest
of the variables and relationships hypothesized in the initial model (Figure 2) resulted to
be non-significative. According to the PA methodology, it cannot be stated that these
relationships definitely do not exist. It can only be said that they were not found in the
analyzed sample.

Table 8. Significative outputs of the path analysis: dependencies.

t
Variables Estimate Standard Estimate/s.e.  p-Value
Error (s.e.)

Variables with effects on the contribution of the existence of dedicated lanes on cycling
(P_lane)

Education level ~ 0.076 0.038 2.004 0.045
Acquaintance’s accident severity ~ 0.091 0.053 1.716 0.086
Rules knowledge  —0.146 0.062 -2.355 0.019
Bike lane coverage  0.252 0.048 5.296 0.000

Variables with effect on the perception of cyclists’ rights being addressed (P_right)
Acquaintance’s accident severity  —0.190 0.057 -3.330 0.001
Bike lane coverage  0.127 0.056 2.272 0.023
Cycling for sporting purposes  -0.249 0.120 -2.078 0.038

Variables with effect on the perception of cyclists” being supported by Administrations
(P_admon)

Bike lane coverage = 0.437 0.205 2.134 0.033
Cycling for sporting purposes  -0.731 0.369 -1.978 0.048
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Variables with effect on the perception of laws being appropriate to protect
cyclists(P_leg)

Bike lance coverage  0.235 0.087 2.701 0.007
Cycling for sporting purposes  —0.602 0.186 -3.237 0.001
Bike lane located on the road ~ -0.413 0.156 —2.641 0.008
Variables that influence the frequency of cycling (Days)
P lane -0.328 0.148 -2.217 0.027
Variables that influence the usual distance cycled (Distance)
P_lane -0.714 0.202 -3.530 0.000
P_admon -1.026 0.271 -3.778 0.000
Variables that influence cyclists’ compliance with the signaling
P_lane  0.150 0.092 1.625 0.104
Variables that influence the preference of segregated lanes on the sidewalk
Female  1.148 0.588 1.952 0.051
Income  —0.487 0.262 -1.849 0.065
Variables that influence the preference of segregated lanes on the roadway
Female -0.978 0.395 —2.474 0.013
Income  0.299 0.142 2.105 0.035

Variables that influence the preference of segregated lanes between the sidewalk and a
row of parked cars

Female 1.224 0.548 2.231 0.026
Income 0.553 0.326 1.694 0.090
Physical condition  -0.751 0.295 —2.547 0.011

Table 9. Significative outputs of the path analysis: correlations.

Standard Error

Variables Estimate (s.e) Estimate/s.e. p-Value
Correlations with Distance
Days 0.537 0.151 3.546 0.000
P_leg. 0.279 0.141 1.985 0.047
P_right 0.154 0.093 1.667 0.096
Correlations with P_leg.
P_right 0.242 0.05 4.873 0.000

According to the results, and not considering correlations, the final model resulting
from the PA is represented in Figure 3. The solid arrows represent positive relationships,
i.e., the value of the dependent variable increases when the value of the primary variable
increases. The dashed arrows represent negative relationships, i.e., the dependent variable
decreases when the primary variable increases.
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Figure 3. Final model according to the path analysis (correlations not represented).

6. Discussion

The above provided results demonstrate the complexity of determining which factors
can actually contribute to modal shift towards sustainable mobility, particularly, towards
cycling. Basically, they demonstrate the need to focus on the human factor, which involves
many more challenges than, for example, technological or economic issues.

One of the main insights that can be drawn from the interviews with the Finnish
experts is that, in Helsinki, cyclists are perceived as any other mobility agent, with rights
and obligations. Moreover, in general, no distinction is made between different profiles of
cyclists, e.g., on the basis of gender or age. As for any other mobility agent, it is demanded
that they have adequate infrastructure, but it is accepted that they need to coexist with
other users, e.g., motor vehicles, scooters, pedestrians, etc. In this sense, what is most
demanded with regard to infrastructure is its continuity and quality, but more in terms of
dimensions and cleanliness (as mentioned, the need for better maintenance during the
winter months was a unanimous request by all the experts interviewed) than for it to be
segregated and isolated from traffic. They also appealed to the individual responsibility
of the cyclist (like that of any other road user) and did not see the need to implement laws
to particularly protect cyclists. This idea had been already found in the literature [12,14].
One idea shared by all the experts was that the simple fact that the rate of bicycle use
increases, that is, that there are more cyclists, is the best protective measure that can be
put into practice.

Regarding the case study of Barcelona, more particular (and different) results were
found. As it can be observed in Figure 3 and Table 8, many relationships ventured in the
hypothesized model have been confirmed by the analysis. Regarding non-significant
relations, the model was not able to demonstrate that they exist in reality with the sample
and data available.

Let us focus on perceptions first. For example, those people that confess that the
existence of adequate infrastructure does influence their use of bicycles are positively
associated with the coverage of this infrastructure in their routes, with their highest
education level and with the level of severity of any accident suffered by an acquaintance.
This perception is, conversely, negatively associated with the level of knowledge of
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cycling rules. All these relationships can be seen as coherent. People with high education
levels or those who have indirectly suffered (or observed) accidents involving cyclists may
be more aware of the dangers of cycling without the adequate infrastructure. Therefore,
its existence could condition their travel patterns, as already shown in [21]. In addition, if
there is ample coverage of bike lanes on their route, they can experiment for themselves
the advantages these involve. As for this perception being associated with a lower
awareness of the rules, it may be due to a belief that the motor vehicle still has absolute
priority in cities and even a consequent feeling of lack of protection. That is, the more
people rely on the infrastructure, the less they think specific rules to protect cyclists are
necessary and, therefore, the less they are updated on them.

With regard to the perception of being cyclists supported by administrations, it is
positively associated with the infrastructure coverage and negatively with the use of bikes
to do sport. Something similar happens with the perception of cyclists’ rights being
respected. However, this perception has another negative association, particularly with
an acquaintance’s accident severity. Both positive associations with the infrastructure
coverage are also coherent, as providing with the adequate infrastructure is one of the
supportive measures of administrations that empower cyclists, namely, a kind of right
that it fulfilled. The negative associations of these perceptions with the sportive use of
bikes could be due to the fact that this use implies special requirements/preferences when
compared to the use of the bicycle as a regular mode of transport. Normally, people who
use bicycles for sport do so outside city centers and they tend to make long journeys at
high average speeds. As the infrastructure coverage is usually lower in these areas and
speeds are mostly regulated (restricted), these people could have a feeling of not being
supported. Their specific needs should be taken into account. For possibly the same
reasons ventured, the former associations with the infrastructure coverage (positive) and
with the use of bikes to do sport (negative) are also associated with the perception of being
the legislation appropriate and enough to promote cycling and ensure safety.
Additionally, this perception is positively related to the existence of bike lanes on the
roadway. Probably, people who ride bicycles on the road are the most confident that
current legislation protects them.

Regarding use patterns, both the frequency of cycling and the average distance
covered are negatively associated with the perception of having the available
infrastructure an influence on the use of the bike. This is probably due to the fact that
cycling experience makes riders feel safer, despite the boundary conditions and objective
facts, as it has been already found in the literature [2,7,20]. Thus, perceived safety could
be influenced by the use of the infrastructure and the development of cycling capabilities
and personal confidence. Additionally, the distance is negatively associated with the
perception of being supported by the administrations. People that have long routes are
more prone to cycle in areas that have no or unappropriated infrastructure or in which
the boundary conditions (e.g., traffic) are not ideal. These bad experiences could explain
their feeling that the authorities do not support cyclists enough.

For its part, the compliance with the signaling while cycling is positively associated
with the perception of being the cycling patterns affected by the available infrastructure.
This relationship could imply that people who are aware of the risks involved in cycling
(as in other modes of transportation) and try, thus, to cycle using an ad hoc infrastructure,
give more importance to regulatory compliance. Similar relationships were found in [17].

Focusing on the bike lane location, the preference for those located on the sidewalk
is positively associated with the female gender and negatively associated with the income.
The opposite associations are found for the preference for bike lanes located on the
roadway. The preference for a bike lane between the sidewalk and a row of parked
vehicles is positively associated with the female gender and the income, and negatively
with the physical condition. Therefore, females and people with average to low physical
condition seem to prefer segregated lanes separated from motorized traffic. The role of
physical condition was already proven in [7]. It is more difficult to understand results
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regarding the income. It could be hypothesized that high income people have better bikes
and, thus, they feel safer despite the location of bike lanes.

Finally, the average distance covered by bike has been found to be correlated with
the frequency of cycling and with the perceptions of being cyclist’s rights respected and
current legislation appropriate. These latter perceptions are at the same time correlated
between them.

7. Conclusions

In this article, two parallel investigations were carried out in two cities, Helsinki and
Barcelona, with a different cyclist tradition, respectively using a qualitative and a
quantitative methodology. The combination of these two research approaches allows
highlighting the key aspects that, everywhere, need to be considered first in order to
promote cycling.

The first conclusion to highlight is that the provision of an adequate infrastructure is
the most effective measure to promote the use of the bicycle. However, the forced and
random layout of bike lanes in cities can even be counterproductive. Spatial and temporal
planning is necessary to make it possible to have a cycling infrastructure with continuity
between the main origin—destination routes, with adequate dimensions and layout and
duly maintained. The implementation of additional measures such as calming traffic or
separating it from said infrastructure is positive, but not decisive. In fact, cyclists trust
more in the objective security that can be derived from such quality infrastructure than in
the benefits that could be derived from the implementation of laws specifically designed
to protect them.

Second, although certainly the perception of safety when traveling by bicycle is
different according to gender, age, or experience, the greatest differentiation is given
depending on the purpose of bicycle use. The perceptions and preferences of people who
cycle for sport differ from those who use the bike on a daily basis as a usual means of
transport, either for any purpose or to access only part of their activities. This second
group is the one that should be at the center of urban planning, in accordance with the
objective of promoting a modal shift.

Finally, perceived safety should be also considered in the promotion of cycling. For
example, taking into account that those people with higher cycling experience feel safer
during their trips, training on cycling capabilities in order to improve personal confidence
is recommended.

This study has limitations, mainly related to the sample sizes used in both
methodologies. Results should be only considered qualitatively. In addition, other
variables that, according to the literature, may influence the greater or lesser adoption of
bicycles should be included in further analyses and different cultural environments might
be addressed. Finally, in the specific case of the initial PA model defined, it would be
interesting to see how the results would vary based on other hypotheses of the
relationship between variables that can also be found in the literature.
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Appendix A

Next, the translated version of the survey is provided:
SECTION 1: SOCIODEMOGRAPHICS

1.  Please choose your age:
a. Under 18 years old
b. Between 18 and 25 years old
c. Between 26 and 50 years old
d. More than 50 years old
2. Please choose your gender:
a. Male
b. Female
c.  Non-binary
d. Prefer not to answer
3. Which is your average net income?
a. Less than 1000€
b. Between 1000 and 2000€.
c.  Between 2000 and 3000€
d. More than 3000€
e. Iprefer not to answer
4. Which is your highest education level?
Basic Education
Bachelor
Professional education
University degree
Master’s/Doctorate
I prefer not to answer
is your physical condition?
Bad
Fair
Fair
Good
Very good
I prefer not to answer
6. Which is your postal code?

SECTION 2: TRAVEL PATTERNS

7. In the last few months, have you cycled around the metropolitan area of Barcelona?

5. Ho

canoco I moan oo

lma)

a. Yes
b. No

8. How many days a week do you cycle?
a. 7

b. Between5 and 6
c. Between 3 and 4
d. Between 1 and 2
e. Sporadic use (less than 1 day per week)
9.  When you travel by bicycle, how far do you usually ride?
a. More than 10 km
b. Between 8 and 10 km
c. Between5 and 8 km
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10.

11.

12.

13.

14.

15.

16.

17.

18.

d. Between 3 and 5 km
e. Between1and 3 km
f. Lessthan1km
For what purpose do you use your bicycle?
a. Commuting to work/study
b. Sport use
¢.  Running errands
d. Asusual transportation (for everything)
e. Others
SECTION 3: TRAVEL BEHAVIOR

To what degree do you know the rules of the road that affect bicycling?
a. Iknow them all and keep an eye out for updates
b. Ilearned them at the time but I am not sure if there have been any changes
c. Iknow the fundamentals
d. Idon’t know them
To what degree do you comply with traffic regulations affecting bicycle use?
a. Always
b. Almost always
c. Sometimes
d. Almost never

e. Never
Do you indicate in any way the maneuvers you are going to make?
a. Always

b. Almost always
c. Sometimes
d. Almost never

e. Never
Do you respect road signs, traffic lights, stop signs, and others?
a. Always

b. Almost always

c. Sometimes

d. Almost never

e. Never
Where there are no bike lanes you usually circulate on:

a. Mainly on the sidewalk

b. Equally on the sidewalk and on the roadway

c.  Mainly on the roadway
Have you ever had an argument with someone because you are a cyclist?
Yes, with another cyclist, while riding, because we had a conflict
Yes, with a pedestrian, while riding, because we had a conflict
Yes, with a motor vehicle, while riding, because we had a conflict
Yes, with a scooter, while driving, because we had a conflict
Yes, talking about the rights of cyclists
No
. Others
SECTION 4: AVAILABLE INFRASTRUCTURE

What is the bike lane coverage on your usual route?
a. On all or almost all of the route
b. On a considerable amount of the route
c. Low amount of bike lane on the route
d. Virtually none or none in its entirety
In what position do you find the bike lane sections located?
a. Mainly on the sidewalk

mean T

QQ
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19.

20.

21.

22.

23.

24.

25.

b. Equally on the sidewalk and on the roadway
¢.  Mainly on the roadway
SECTION 5: PREFERENCES

Which bike lane layout do you prefer?

Segregated on the sidewalk

Segregated on the roadway

Segregated between the sidewalk and the row of parked cars

No preference: any segregated lane gives me confidence

I have no preference: I drive with confidence even if there is no segregated
lane.

SECTION 6: PERCEPTIONS

Does the existence of segregated lanes have any influence on your cycling?
a. Yes, Imodify my route slightly so that I can ride in segregated lanes for most
of my trip
b. Yes.Ionly cycle if I will be able to cycle in segregated lanes for the whole of
my journey
c. No. I use my bicycle for my desired route regardless of the available
infrastructure
When you ride in a segregated lane on the road, do you feel safe?
Yes
Depends on the speed of the vehicles in the adjacent lane
Depends on the number and size of vehicles traveling in the adjacent lane
Depends on the width of the bike lane
I am somewhat nervous
I feel quite or very unsafe
Whether or not you feel safe riding a bicycle depends mainly on (multiple choice
allowed)
a. The infrastructure (existence of bike lanes and their quality).
b. The number of cyclists sharing the infrastructure
c. My interaction with other mobility users (pedestrians, scooters, motor
vehicles), i.e., their proximity, their speed, their number.
d. External conditions: weather, light level, etc.
e. Personal conditions: my physical and mental state
f.  Others
When you ride in the bike lane, are there often lane encroachments by other modes?
a. Yes, by pedestrians
b. Yes, by individual mobility vehicles (electric scooters, single-wheeled
vehicles)
c.  Yes, by traditional vehicles
d. Yes, by oncoming cyclists or cyclists trying to overtake abruptly
e. No
Please look at the following images and answer the following question (images for
each possible answer were provided): which situation do you consider to be the
riskiest for cyclists?
a. Circulation in a traffic circle
b. Crossing at a pedestrian crossing
c. Car incorporations in the pedestrian crossing sequence, bicycle lane
d. Interaction zones with urban transport, bus, streetcar and others.
e. Others
Do you believe that your rights as a cyclist are respected?
a. With some exceptions, yes
b. Sometimes
c. Almost never

oo oe
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Do you think that local institutions, such as the city council or the metropolitan area,
protect you adequately?
a. Yes
b. Quite a lot, but there is room for improvement
c. Notenough
d. Very little
Do you think that the current legislation protects cyclists sufficiently?
a. Yes
b. Quite a lot, but there is room for improvement
c. Notenough
d. Very little
SECTION 7: EXPERIENCES

Have you ever had an accident while cycling?

a. Yes
b. No
If yes, to what extent?
a. Severe
b. Moderate
c. Mild

d. There were no injuries
If yes, who else was involved?
a. A bicyclist
b. A motor vehicle
c. A scooter
d. A pedestrian
e. No one else
If yes, where were you riding?
a. On the roadway
b. On the sidewalk
c. On asegregated lane on the roadway
d. On asegregated lane on the sidewalk
Do you know anyone who has been involved in an accident?

a. Yes
b. No
If yes, to what extent?
a. Severe
b. Moderate
c. Mild

d. There were no injuries
If yes, who else was involved?
a. A bicyclist
b. A motor vehicle
c. A scooter
d. A pedestrian
e. No oneelse
If yes, where was this person riding?
a. On the roadway
b. On the sidewalk
c.  On asegregated lane on the roadway
d. On asegregated lane on the sidewalk
SECTION 8: OPEN ANSWER QUESTIONS

If you had the power, what would you do to improve the safety of cyclists? Open
answer question
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37. Other objections/comments (Open answer question).
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