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Abstract

Urban areas are rapidly growing, with an increase in commuters and emissions of harmful gasses. To
make cities more liveable and decrease the pressure on existing infrastructure, governments are con-
sidering more sustainable methods of transport. One of such methods is the bicycle. The bicycle, with
its remarkable flexibility and minimal space requirements on the road and in storage, proves to be an
ideal transportation option for older cities like Barcelona. The local government, aware of the benefits,
has rapidly expanded the bicycle network to create a sustainable substitutional method of transport for
its citizens.
The quick construction of bicycle lanes has created a 200 km network connecting most of the city. How-
ever, this has come at the cost of safety. Within five years, bicycles have accounted for 40% of the
city’s accidents, establishing themselves as the leading cause of accidents. Therefore, it is important
to enhance the safety measures of the existing bicycle lanes and promote its use.

This research will focus on improving the use and safety of bicycle lanes in the city of Barcelona
through the comprehension of perceived safety and encouragement of commuters. To understand the
perceived safety and encouragement of commuters a survey will be used. The survey is broken up in
two sections. In the first section details on socio-demographic, socio-economic and bike experience
are asked and in the second section respondents are asked to grade different bike lane designs on
their perceived safety and encouragement. The results are then compared through different methods
of analysis to discover if there are any relationships between factors and outcomes.

The Kruskal-Wallis test affirmed the correlation between a more frequent use of bicycles and an
increased perceived safety score. The same test, however, rejected a correlation between age and
perceived safety score. Additionally, the test rejected another correlation between the diminished safety
and encouragement score if the respondent has been in a bicycle accident before. The Mann Whitney
U-test was applied to identify a significance between gender and perceived safety or encouragement
score. The test was able to only identify a higher encouragement for male respondents. Another data
analysis method applied, was the Wilcoxon signed-rank. The test concluded that there is a difference
in score for both perceived safety and encouragement when respondents are shown different lane de-
signs. Furthermore, the test revealed that respondents were more encouraged and felt safer in the
presence of more physical barriers, while they only expressed a greater sense of encouragement with
two-way bike lanes. The last test performed on the data was the Spearman-correlation. This test con-
firmed the positive correlation between perceived safety and encouragement scores and rejected a
correlation between income and the use of bikes.

Derived from the analysis of data in this research it is clear that the safety and the use of bicycle
lanes in the city of Barcelona must be improved. To do so, city planners should improve the safety of
bicycle lanes, which as a result will automatically increase the use of bicycle lanes. To increase safety,
lanes should be equipped with as much physical separation possible from other commuters and should
consist of two-way lanes. If implemented, the survey reveals that 81% of the respondents would be
more tempted to use the bike. Making the bicycle a method of transportation with a lot of potential in
need of only an improvement in safety.
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1
Introduction

In the following chapter the introduction of the research paper is presented. The introduction consists
of the following structure. In section 1.1 the background is explained. In section 1.2 the research ques-
tion is formulated and further enhanced with sub-questions. In section 1.3 the goal and scope of the
research are elaborated. In section 1.4 the hypotheses are formulated. In section 1.5 the stakeholders
are presented. And in section 1.6 the structure of the academic paper.

1.1. Background
Cities are changing rapidly to accommodate the rapidly growing populations. The European Union
expected that around 80% of the European population would be living in urban environments in the
year 2020 (Basse, 2010), in some countries even an astonishing 90%. Such expansions in urban en-
vironments creates strains and puts pressure on the existing infrastructure. Cities have to adapt their
transportation methods to accommodate the increase in population. Within this expansion, govern-
ments are also trying to make the city more liveable. Due to the increase in commuters and citizens the
emission of harmful gasses increases. Cities therefore want to create sustainable methods of trans-
port to lower the emission of harmful gasses. A great example of such a rapidly changing city is the
city of Barcelona. In an attempt to improve the living conditions in the city, the local government has
reduced the circulation of cars by 17% between 2015 and 2022 (Vicente, 2022). This is a very good
approach to reducing pollution, but is not a long term solution for commuters. Therefore, the city has
put into practice the building of bicycle lanes. In 2020 the city put €4.4 million aside for the construction
of 21km of bicycle lanes and the reformation of streets for public use (UCI, 2020). A sustainable and
simple method of transport occupying little space in a city coping with capacity problems.

The slow but progressive construction over the years has resulted in the creation of a cycling network
throughout the city spanning a total of 200km (B. Green, 2023). The network now provides citizens
with the possibility to travel through the busiest areas of the city. This is of course great news, but
is not exempt from problems. Barcelona is a very old city, resulting in many narrow streets with dif-
ferent stakeholders desiring to use the road. Due to the rapid expansion of the cycling network and
inexperience in building such networks, many lanes have simply been placed in streets. This sudden
placement of bicycle lanes without changing the lay-out of a street has caused the cyclist to be respon-
sible for 40% of the accidents in Barcelona within 5 years (Gorman, 2022). The year 2021 counted
829 bicycle accidents, a 34% increase from the year before which had registered 618 accidents. The
increasing number of accidents is not something the locals are surprised of. Citizens complain about
the use of ”invented” signals and too many dashed lines by the government to demarcate the cycling
lanes in the city, causing confusion and unrest (Losada, 2019). Therefore it is of the utmost importance
to investigate the safety and use of the bicycle lanes in the city of Barcelona. Even more as the city is
continuing to expand the bicycle networks. The longer bicycle lanes are unsafe or considered unsafe
by users, the more accidents there will be and the less citizens are motivated to use this more sustain-
able method of transport.
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1.2. Research question 2

This research has been done to map out dangers in the design of bicycle lanes and to understand how
the perception of safety influences the use of bicycle lanes. Research done on the cycling network in
Dublin concluded that cycling is not seen as an important mode of transport by planners and other traf-
fic users (Lawson et al., 2013). As a result, safety measures were not considered as important in the
design of the bicycle lanes. Through the use of a survey on the perception of safety, the researchers
were able to pinpoint the safety problems in the network and advice on improvements. Due to the rapid
increase of accidents in Barcelona, in which bikes are involved, it is important to detect the dangers, in
the same way researchers have in Dublin, and remove them to reduce accidents. Furthermore, under-
standing the influence the perception of safety has on the use of bike lanes can give better guidelines
to increase the use through changes in safety design. An enhanced use of the bicycle network in
Barcelona will result in a decrease in the use of other methods of transport. In the case of motorised
vehicles, this would result in less traffic jams and emissions of harmful gasses. For public transport, it
would lead to smaller crowds and more space for users.

To collect data on the perception of safety the research will be conducted through the analysis of a
survey. Through which, correlations can be found between different bike lane designs and socio-
demographic factors influencing the perception of safety and the use of bicycle lanes. A frequent
user of the bicycle lane may perceive dangers differently to an irregular user which is not familiar to the
lay-out. On that account, it is important that the respondents of the survey are citizens of Barcelona.
That way different opinions can be gathered concerning different groups. Analysing the survey data
could result into safety and use improvements for bicycle lanes.

1.2. Research question
The research question of the following thesis is as followed:

How can the use and safety of bicycles lanes in the city of Barcelona be improved through the
understanding of safety perception and encouragement of commuters?

To draw a conclusion to the research question above, sub-questions will be used. The goal is to answer
the main research question through answering and combining the sub-questions. The sub-questions
in this research are composed as followed:

1. What are the safety measures applied in bicycle lanes?
In this sub-question the safety measures applied by the government of Barcelona in bicycle lanes
will be analysed. An understanding of the safety measures is vital for later use in the survey to
compare different safety measures. The comparison could prove to be of use as the different
designs contain different factors, each altering the perception of safety and encouragement. This
difference in perception and encouragement can be used to pinpoint factors deemed to be im-
proved.

2. What is the perceived safety?
It is important to be informed on the overall level of safety considered by the public.

3. How does perceived safety influence the use of bicycle lanes?
4. Which safety design contributes the most to the perceived safety?

These two sub-questions provide the foundations for the answer to the research question. It is
important to know whether it is an important factor for commuters when considering a mode of
transport. If the city of Barcelona wants to persuade its citizens to displace through the use of
a bike lane, it must reduce the reasons why a commuter would not use this mode of transport.
Furthermore, it is important to identify how different safety designs influence the perceived safety
of respondents.
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1.3. Goal and scope
The goal of the research is to discover the safest bicycle lane design for commuters in the city of
Barcelona. Moreover, determining whether the safety of current bike lanes or alternative designs influ-
ences commuters’ choice of using this mode of transportation. Using this information city planners in
the government of Barcelona could improve the current and future bike lanes to increase safety and
use of the bike network.

The scope of the research is to analyse perceptions of safety and encouragement for different bike
lane designs. The research will not focus on what bike lane design would be best for different individ-
ual streets, but instead on the overall best scoring safety design. This could further be enhanced or
edited for its particular use in a street or avenue. In this investigation not all factors affecting the per-
ception of safety will be included. The most important ones have been chosen and implemented in the
research. The research does not include safety of intersections. Due to the complexity of intersections
the research would be too extensive for the time available. The research is done from the point of view
of a cyclist with other cyclists as users of the lanes. Other vehicles which make use of the lanes such
as the electric scooters are not considered in the research. This has been chosen as it would add too
many extra factors considering the short time available.

1.4. Hypotheses
A hypothesis is important as a beginning for further investigation based on limited data.
For the upcoming research the hypotheses formed are as followed:

1. Different demographic groups have different perceptions of safety and are encouraged
differently.

(a) Older respondents are more likely to give lower scores for perceived safety.
Older individuals are more fragile and therefore more cautious for dangers. For this reason
they are expected to give lower scores in the survey.

(b) Males are more likely to give higher scores for perception of safety and encouragement.
Males are bigger risk takers compared to females. Therefore males are more likely to give
higher scores.

2. Perceived safety and use of bicycle lanes are correlated. If the perceived safety were to
improve the use of bikes would augment.

The safer a bike lane is considered, the more encouraged respondents are to use a lane. If full
safety is guaranteed the drawbacks of using a bicycle are minimised.

3. Frequent bike users have higher perceptions of safety compared to non-frequent users.
When a respondent is familiar to an environment it is more likely that they feel comfortable and
give higher scores on the survey.

4. There is a difference in perceived safety score between designs.
Different designs have different characteristics and result into different perceptions of safety.

5. There is a difference in encouragement of usage between designs.
Different designs have different characteristics and result into different levels of encouragement.

6. Two-way bicycle lanes score less in perceived safety than one-way lanes.
Two-way bicycle lanes result in traffic coming from the opposite direction. As it passes close by
a user, it may be perceived as less safe.
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7. The more physical barriers a design has the higher the perceived safety and encouragement
score.

Perception of safety and encouragement are based on lane characteristics. The more physical
objects there are separating a user from other users, the more probable a high safety and encour-
agement score is given.

8. The higher the income the less the bike is used.
Respondents with financial freedom are more likely to chose for luxurious and less physically
intensive modes of transport.

9. If a respondent has had a bicycle accident, their perception of safety score will be lower than
other respondents.

Experience with an accident may cause respondents to be more worrisome in traffic and perceive
the space to be less safe.

1.5. Stakeholders
In this research there are many different stakeholders. Table 1.1 below depicts the different stakehold-
ers with their amount influence and interest in the safety design of bicycle lanes. The influence and
interest are marked with + and 0.

Stakeholder influence interest
City government ++ ++

Regional government + +
Bicycle users 0 ++

Car and motorbike users 0 ++
Pedestrians 0 ++

Table 1.1: Stakeholders with their influence and interest.

The city government and the regional government are the only parties which are able to influence the
safety of bicycle lanes. The regional not as much as the local, but is still able to lay demands on the
local government. A detail noteworthy to point out, is that commuters on either the bike, other modes
of transport in the street and pedestrians have very high interests yet almost negligible influence on the
change in safety design.

1.6. Structure of academic paper
The structure of the academic paper is as followed. Chapter 2 contains the literature review, in which
other publications related to the research are presented, analysed and discussed. Chapter 3 explains
the methodology used in the research. In this chapter the survey will be determined and the different
statistical methods to analyse the data are presented. Chapter 4 will analyse the results of the survey
through simple and complex methods. In chapter 5 the discussion is presented and in chapter 6 the
conclusion and recommendations will be formed.



2
Literature review

In this chapter the background for the research will be presented. In section 2.1 the effects of bike lanes
in cities is researched. In section 2.2 the different factors influencing perceived safety on bicycles is
shown. In section 2.3 the factors influencing the choice in transport are discussed. In section 2.4 the
safety measure designs of the government of Barcelona are examined. And in section 2.5 a summary
of the chapter is presented.

2.1. Bicycle lanes in city centres
Sustainable mobility is a proposition on the agenda of modern day cities. Streets are being redesigned
in which the car makes way for more green space, pedestrians and bicycle lanes. An accelerated
method of testing whether this proposition works was performed in many European cities during the
outbreak of the COVID-19 pandemic. An example of such city is Berlin. The local government placed
temporal cycling-infrastructure and students of the technical university of Berlin assessed the air quality,
behaviour and acceptance of such lanes before and during COVID-19 through the use of a survey. The
results of the survey were very favourable for the bicycle lanes. According to the research respondents
had a very high acceptance rate of bicycle lanes and were encouraged to use such infrastructure, also
the researched concluded that cyclists were exposed to less harmful gasses (Becker et al., 2022). A
factor which should be considered discovering the reduction of harmful gasses is the possibility of less
motorised traffic due to the pandemic.
In Italy students of the university of Catania concluded already in 2013 that the Italian government
should promote cycling. According to the students cycling helps the personal well-being of citizens, the
environment and provides a substitutional method of transport (Schunemann et al., 2018).
The awareness on the importance of cycling lanes has also grasped the attention of the European
commission. The importance of cycling has even been apprehended to the European Urban Mobil-
ity transport policy (Commission et al., 2017). Understanding that cycling in cities not only creates
sustainable cities but also improves mobility and personal well-being.

Given the improvement in the environmental and personal well-being, the problem usually lays in the
implementation of bicycle lanes in cities. Avenues are already very congested and have little space
due to many different users. A group of researchers from the university of Melbourne has concluded
that bicycle lanes should always be implemented to promote a greener mode of transport in urban
areas (Bagloee et al., 2016). In streets where it is possible bicycle lanes should have separated lanes
to provide safety and good flow of traffic. In the congested streets they also advice bicycle lanes to
be placed, but through shared space. According to their research the advantages of placing a bicycle
lane, even in shared spaces, outweigh the disadvantages (Bagloee et al., 2016). Governments have
picked up this knowledge and installed bicycle lanes over the years in their cities. However, the bicycle
networks of many large cities around the world consist of hundreds of disconnected patches (Natera
Orozco et al., 2020). It is important for the mobility and the effectiveness of the network to be entirely
connected. To truly provide a sustainable substitutional method of transport for citizens.
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2.2. Perceived safety on bicycles and its factors
According to the Canterbury well being index (“Perceptions of safety”, n.d.) ”The wellbeing of individuals
may be affected not only as a result of direct experience of harm but also as a result of a fear of harm”.
This results into a broad number of factors which could be considered as influential to the perceived
safety. There are countless factors which could affect the perceived safety, therefore the ones that will
be used in this research are shown in Table 2.1 below, divided into three different columns. The first
column depicts the socio-economic factors, the second contains the lane characteristics factors and
the third contains the demographic factors.

Socio-economic
Occupation

Ownership of a bike
Frequent user of bicycle

Income
Education

Lane characteristics
Bike lane space

Physical separation
Sharing space
Bicycle accident

Demographic
Age

Gender

Table 2.1: Influence factors considered in the research

2.2.1. Socio-economic
Socio-economic factors are social and economic factors which give an understanding to how well we
live (“Social & economic factors”, n.d.). For this research these factors are interesting as they may hint
to possible reasons for the use of bicycle lanes.

Occupation
Occupation is important to consider as it occupies a significant part of the week and dictates the finan-
cial capabilities of a respondent. A student may for example be less flexible financially and therefore
be more tempted to use the bike compared to a labourer, who may have a car provided by their work.

Education
Higher educated respondents may have a better understanding on safety and can assess dangers bet-
ter on the road. A better education may also result in improved socio-economic circumstances. This
could lead to the use of finer equipment and therefore better preparedness for unsafe situations.

Income
This socio-economic factor is important as it indicates the financial capabilities of a respondent. A re-
spondent with more financial capabilities is more likely to use more luxurious modes of transport. This
could effect the view on the use of the bike. The opposite could be said about respondents with little
financial freedom. As they are more likely to use cheap modes of transport, like the bike, and could
have a different perception of safety.

Ownership of bike
The probability of a respondent to use the bike given that he/she owns a bike is much greater.

Frequent use of bike
Frequent use of a bike may result into the familiarisation of bicycle lanes. This could lead to a per-
ception of higher safety compared to a respondent that has little experience on a bike. Repetition of a
process could result into the user feeling more at ease and perceiving safety differently.

2.2.2. Lane characteristics
Surroundings and the perception of the surroundings have large effects on the behaviour of cyclists and
their perception of safety (Blitz, 2021). In the presence of a marked road with clear objects separating
from other users, an enhanced perception of safety and encouragement can be expected. However,
if the road is littered with trash and the separation objects are vandalised, the perception of safety is
more likely to be diminished. Therefore, the lane characteristics play an important role.
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Bike lane space
Lane space is important as lack of space gives the perception of reduced manoeuvrability. Giving the
user the impression that if a dangerous situation would occur they would not have enough space to
react.

Physical separation
The presence of a physical separation creates the impression of safety. If something were to happen,
the cyclist assumes that the physical barrier would stop the other object.

Sharing space
Shared space is ideal for the optimisation of space but could however create the feeling of unsafety.
Due to different users in one space one is always more vulnerable than the other user. In the case of
the pedestrian and the cyclist, it would be the pedestrian. While in the case of a cyclist and the car, the
cyclist would be the most vulnerable.

Bicycle accident
If a respondent has been in a bicycle accident, their perception of safety and encouragement of use
might have diminished. This unpleasant experience could have effect on an individuals opinion.

2.2.3. Demographic
Demographics are important in research as they may show different decisions taken by certain groups
in a population.

Age
Different ages could affect the perception of safety and use of the cycling network. The older a person
gets the more fragile they are in cases of accidents.

Gender
Male and females may react differently to different situations.

2.3. Effects of perception of safety on the use
The mode of transport is chosen depending on the perception of safety, distance, availability of other
transport, age, gender, density of urban environment and the motive (Ashrafi and Neumann, 2017).
Perception of safety is an important factor which must be taken into consideration as it is a variable
dependent on many different factors. A great example of perceived safety is the car. As a car user is
surrounded by the chassis and has full control over the vehicle, a feeling of safety is created. Resulting
in the most displacements done by car. This could also be because the car is an all-round useful
commodity or just because it is available. Apparently a great majority of car users lack information
on other modes of transport (Horeni et al., 2007). Furthermore, car users that have knowledge about
other modes of transport usually have negative perceptions of those (Beirão and Sarsfield Cabral,
2007). This shows that the perception of safety plays an important role in the choice of transport.
As there are many factors influencing the use of transport the following have been chosen for further
use.

1. Age
2. Gender
3. Perception of safety
4. Use of the bicycle
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2.4. Safety measures designs in Barcelona
The government of Barcelona has been constructing bicycle lanes following two different manuals of
safety. One set-up by the provincial government of Catalonia and the other being their own. The
provincial safety manual is a guideline defining the general safety measures which should be applied,
such as the minimal width of bike lanes. The safety measures in the provincial document, which are of
interest to this research, are shown in figure 2.1 below.

(a) Safety 1

(b) Safety 2 (c) Safety 3

Figure 2.1: Provincial safety standards (M. Nadal i Farreras, 2008)

The government, using the guidelines of the province, has designed the bike lanes to their liking in
the city of Barcelona. The government of Barcelona implements 4 different bike lane designs in the
city. The most common one is a two-way bike lane, with small low blocks separating the lane from
the motorised traffic. This common bike lane has three different designs in which the blocks are far
apart, densely placed and densely placed with a pole in between. After that the most common bike
lane designs are ones that have a physical separation using a ”New Jersey” block of concrete and
one with a line demarcating the separation. The latter of the two is usually used on the sidewalk. The
fourth design is one which has been implemented as of late, consisting of a two-way bike lane in the
middle of a street separated by trees from other traffic. This fourth design is so new that it has not been
registered in the bike lane design manual of the city. The four different designs, in which one has three
different variations, are shown in Figures 2.2 and 2.3 below.
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(a) Low blocks non dense (b) Low blocks dense

(c) Low dense blocks with pole

(d) Low blocks side view (e) New Jersey blocks

Figure 2.2: Low block and ”New Jersey” safety designs (E. Barquets Alfonso, 2016)

(a) Line demarcation (deandar.com, n.d.) (b) Separate lane (Molina, 2022)

Figure 2.3: Line demarcation and separate cycling path

A characteristic to point out is that the width of the bicycle lane used in the city of Barcelona is less
than the one given in the guidelines of the province. It was not stated in the government document, but
the most probable cause would be the lack of space. Both sub-figures in Figure 2.2 were not shown
in the bike lane manual of the government. This is most-likely because Figure 2.3 a) was the old bike
lane design and Figure 2.3 b) is the latest design. It should be noted that bike lane design b) cannot
be implemented as a permanent solution for all streets due to the large space it occupies. One of the
main setbacks of the construction of bicycle lanes is the placement in streets which already have a lack
of space, therefore creating dangerous situations (BenvenutyBarcelona, 2017).

In the survey the seven different designs and variations shown in Figures 2.3 and 2.2 will be assessed
by the respondent. The three different variations of the non-dense low block design are shown to
discover whether users have a different opinion on the variations. A change in the density of low-laying
blocks or the placement of a pole could change the perception of safety and the level of encouragement.
The incorporation of the ”New Jersey” block is also very important. The ”New Jersey” style blocks are
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a phenomenal barrier, providing separation and safety due to the size and rigidness of the structure.
This size and rigidness however also comes with a negative point. If a user were to swerve into the
blocks, the injuries would be much greater compared to a sidewalk or a demarcation line. Perception
of safety could be high, but the level of encouragement low. If one of these two factors is low the bike
lane is not deemed effective. The last two designs in Figure 2.3 must be included as well. The line
demarcated lane has been in the city since the beginning of the bike lane network, making it important to
evaluate its effectiveness. If deemed insufficient changes must be made immediately to make it safer
and encourage commuters. Design b in Figure 2.3, is the newest bike lane design. As mentioned
before, it has not yet been included in the design manual of the city. For that reason, it is important to
assess the bike lane on its effectiveness compared to other bike lanes already in use.

2.5. Summary
In chapter 2 the literature study has been presented. In section 2.1 the bicycle lanes in the city centres
around Europe have been discussed. The bicycle can become a key element to sustainable methods
of transport and improved living conditions in cities. Section 2.2 was focused on the perception of
safety on the bicycle. The three influence factors consisting of socio-economic, lane characteristics
and -demographic factors have been divided in subcategories, vital as foundations for the questions
in the survey. Section 2.3 dove into the effects of perception of safety on the use and looked at how
different aspects like age, gender and transportation influence the choice in use of the bicycle. In
section 2.4 the safety measure designs applied in Barcelona are analysed. The local government uses
the provincial guidelines to make different bike lanes to their own liking. There are four different bike
lane designs applied in Barcelona, of which one consists of three variants. All different designs will be
embodied in the survey to retrieve data on the perception of safety and the level of encouragement for
each design.



3
Methodology

The following chapter depicts the techniques used to answer the research question. The structure of
the chapter consists of section 3.1, outlining the questions in the survey and the different bicycle lane
designs questioned. Section 3.2 is focused on the data interpretation of the survey.

3.1. Survey
3.1.1. Survey structure
The solemn reason for the use of a survey is to extract the public opinion. The bike lane designs have
been developed by a transport planner, but have not been used in practice before. Therefore, it is
important to evaluate the network after citizens have made use of it. The structure of the survey is
made in such a way that the hypotheses can be answered. In the first part of the survey the questions
asked are concerning socio-demographic and -economic structures. The middle part is related to the
method of transportation and the frequency with which the bike is used. And the end of the survey
is focused on the retrieval of information concerning the perception of safety and the use of bicycle
lanes. The survey has been written in Spanish to maximize the amount of respondents. For a better
understanding of the survey, the survey is shown in Appendix A.

Questions 1 to 5
These questions inquire the age, gender, education, income and occupation of respondents. The
socio-demographic data is important to understand the group of respondents answering the survey.
The group can be split into different categories that may have a different perception of safety and use
of bicycle lanes. The questions give the research insight in the independent variables. The ages are
categorised in the groups: <18, 18-24, 25-34, 35-44, 45-54, 55-64, 64<. Gender is categorised in
three different groups: male, female, other. Education is classified in: high school, module, bachelor,
master, doctorate or more and other. The income is separated with steps of 400 euros starting from
1,260, the minimum salary per month in Spain. Occupation is divided into different options: scholar,
student, employed, unemployed, retired. With these questions hypotheses 1 and 2 can be answered.

Questions 6 and 7
The following questions regarding the respondents’ typical mode of transportation and bicycle usage
help establish a comprehensive background for each respondent. This information enables to explore
correlations between the use of different modes of transport and its effects on perceptions of safety
and bicycle lane usage. With these two questions hypotheses 3 and 8 can be answered.

Questions 8 to 10
The respondent is presented a design with an explanation of its characteristics. The respondent then
grades the perceived safety and encouragement of the bike lane, imagining that they are using the bike
lane as a cyclist. With these questions the research question of the paper and hypotheses 4,5,6,7 and
9 can be answered.

11
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3.1.2. Bicycle lane designs
The different bicycle lane designs will be depicted in the section below. Every different design will be
described, and its important characteristics will be depicted. Below each design, respondents are in-
quired to score their perceived safety and level of encouragement to use the bike lane.

Lane design 1:

Figure 3.1: Bike lane on sidewalk without physical barriers to separate from other traffic (“Nous passos de vianants al carril bici
de Tarragona”, n.d.)

The bike lane design above is the simplest of the designs. The construction of such bike lane is done
through the painting of lines on a sidewalk. The placement of such bike lane is very cheap, how-
ever could result in confusion. As can be observed in Figure 3.1, the lane has a sudden demarcation
of squared blocks, signals which are non-existent in the international rules of traffic. Furthermore, if
pedestrians or cyclists are not conscious of their surroundings, there exists a great chance of them
crossing into space used by other commuters, increasing the probability of an accident.

Lane design 2:

Figure 3.2: One-directional bike lane implemented in the road with low blocks as physical barrier (Pacheco, 2022)

Bike lane design shown in Figure 3.2 is the simplest variant of the bike lanes implemented in the street.
The bike lane has been placed on the street with use of a shared space, separated by two white de-
marcation lines and low blocks from other traffic. As can be depicted in the Figure, the bike lane has
a pole at the beginning of the street. This is to avoid vehicles from crossing the boundary of the bike
lane when turning into the street. A design detail to point out is the placement of the bike lane on the
left side of traffic. In other countries, such as the Netherlands, bike lanes are placed on the right side
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of traffic.

Lane design 3:

Figure 3.3: Two-directional bike lane implemented in the road with low dense blocks as physical barrier (Campos and Campos,
2023)

Bike lane design in Figure 3.3 is a reformed version of the bike lane in Figure 3.2. The bike lane is
two-directional and has more densely placed blocks. The placement of a two-directional bike lane has
probably been done due to the availability of space. The placement of more dense blocks is most-likely
linked to increased safety measures. The lane is, as mentioned before in lane design 2, on the left side
of traffic.

Lane design 4:

Figure 3.4: Two-way bike lane implemented in the road, separated with cones from other traffic (Puertas, 2022)

In Figure 3.4 above, there is a two-directional bike lane implemented in the road. The bike lane is
on the left side of traffic and is equipped with green plastic cones as a barrier and demarcation. The
choice for cones as a demarcation line is unknown. A reason for this could be that car users can see
the cones, even when they are close to the car. This was not the case with the low blocks.
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Lane design 5:

Figure 3.5: Two-directional bike lane implemented in the road, separated with ”New Jersey” style blocks (Rozier, 2017)

Bike lane design five, shown in Figure 3.5, is a two-directional bike lane placed on the right side of the
road. The bike lane is separated from other traffic with ”New Jersey” style concrete blocks. The blocks
create a phenomenal barrier for safety. They are strong, high and will probably not displace easily in
the case of a collision. A noteworthy possible feeling with such concrete blocks is unsafety as well. If a
user were to collide with the barrier the damage will be worse. This is true for both vehicles and cyclists.

Lane design 6:

Figure 3.6: Two-directional bike lane in the middle of the avenue, separated by plants and trees from other traffic (Tower, 2019)

Lane design 6, shown in Figure 3.6, is a two-directional bike lane placed in the middle of the avenue.
With such lay-out it could be interpreted as a highway for bikes. The lane is separated with grass and
trees from other traffic surrounding the bike lane. The bike lane is very wide and provides enough
space for green and cyclists. This has however, come at the cost of many car lanes in the avenue.
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Lane design 7:

Figure 3.7: One-directional bike lane on sidewalk without any physical separations from other users (“Carril - Bici Av Meridiana
(Aragó - pl de les Glòries) | Sant Martí”, n.d.)

The last design, shown in Figure 3.7 above, is bike lane design 7. This bike lane is a one-directional
lane implemented in the sidewalk. The lane has been painted with a different colour than the sidewalk
and is marked with white lines.

3.2. Data interpretation
In this section the different methods of data analysis will be shown. The methods used have been
extracted from Data Analysis and Statistics with R. (Warren and H., 2021). The tests applied on the
data will be the Kruskal-Wallis test, the Mann-Whitney U-test, the Wilcoxon signed-rank test and the
Spearman’s rank correlation. These tests make use of categorising dependent and independent vari-
ables. Independent variables are variables that stand alone and are not changed by others. Examples
of such used in the investigation are age, gender and occupation. Dependent variables are ones which
are influenced by other variables. In this research the dependent variable would be the perception of
safety and the encouragement.

All tests are done using the SPSS system, which rejects or retains the null hypothesis. By rejecting or
retaining the null hypothesis, a significance or no significance can be concluded between two variables.
Each subsection below, discussing the four different methods of data analysis, entails the correspond-
ing null hypotheses.

The tests mentioned above are non-parametric tests. These are used instead of parametric tests as
they can be applied on much wider scales of data due to weaker assumptions(Warren and H., 2021).
The tests work by dividing the data into nominal, ordinal, interval or ratio categories. These categories
in this research are the variables extracted from the survey. Nominal data are variables that can be
placed in mutually exclusive groups, without any rank between them. Ordinal data consists of variables
which are placed in groups and ranked in an order, but without a clear difference between the ranks.
The interval category variables are placed in mutually exclusive groups, ranks and can infer equal
intervals between data points, but without a zero point. The ratio category variables are also placed
in mutually exclusive groups, ranks, can infer in equal intervals and have a zero point (Bhandari, 2023).
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3.2.1. Kruskal-Wallis test
The Kruskal Wallis test is a method which permits to test differences among more than two samples
(Warren and H., 2021). To test this the following is necessary:

1. The dependent variables must be either ordinal, interval or ratio.
2. Group observations must be independent from each other.
3. Variable distribution must be similar in each group.

If by any means there is too much of a difference after analysing the data, the Mann Whitney U-test
should be applied to asses the differences in groups.

In this method hypotheses 1a, 3 and 9 are applied from section 1.4.

• H1.1.0 - Perception of safety score is not influenced by age categories.
• H1.1.1 - Younger participants are prone to give higher perception safety scores.

• H3.0 - Perception of safety score is not influenced by use of bike.
• H3.1 - Frequent bike users give a higher perception safety score.

• H9.0 - There is no difference in perception of safety score when a respondent has been in
a bicycle accident.

• H9.1 - There is a difference in perception of safety score when a respondent has been in a
bicycle accident.

3.2.2. Mann Whitney U-test
The Mann Whitney U-test is used to compare the median of two different samples. It is also an alter-
native for the independent two-sample t-test. To make this method possible the following assumptions
have to be made:

1. Dependent variables are ordinal, interval or ratio scales
2. Observations of the two distinct groups are independent of each other
3. The distribution of the dependent variable is similar in each group.

What the last assumption implies is that the distributions of the two samples are not important as long
as they look alike (Warren and H., 2021). When the assumptions above have been put to practice, the
Mann Whitney U-test serves to analyse the differences in central tendency.

The following method is applied on hypothesis 1b from section 1.4.

• H1.2.0 - Perception of safety and encouragement score is not influenced by gender.
• H1.2.1 - Male bike users give a higher perception safety and encouragement score.

3.2.3. Wilcoxon signed-rank test
The following test is a versatile method to compare the median of a sample to a single value (Warren
and H., 2021). It is able to conclude whether there is a difference in score given by the respondents to
two distinct situations. The following assumptions are made using this method:

1. The dependent variable is ordinal, interval or ratio.
2. The distribution between the two groups is more or less symmetric.

Using the Wilcoxon signed-rank test a p-value must be chosen. In the case of this report p = 0.05. This
means that there is a 95% that the hypotheses is right.

For this method hypotheses 4, 5, 6 and 7 are applied from section 1.4.

• H4.0 - There is no difference in perceived safety score between designs.
• H4.1 - There is a difference in perceived safety score between designs.
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• H5.0 - There is no difference in encouragement of usage between designs.
• H5.1 - There is a difference in encouragement of usage between designs.

• H6.0 - There is no difference in score between one- and two-way bicycle lanes.
• H6.1 - There is a difference in score between one- and two-way bicycle lanes.

• H7.0 - There is no difference in perceived safety and encouragement score with more phys-
ical barriers.

• H7.1 - There is a difference in perceived safety and encouragement score with more physi-
cal barriers.

3.2.4. Spearman-correlation
The Spearman correlation is the nonparametric version of the Pearson correlation (“Spearman’s Rank-
Order Correlation - A guide to when to use it, what it does and what the assumptions are.” n.d.). It
is able asses whether there is a positive or negative correlation between two variables. The variables
used are either ordinal, interval or ratio and must have some linear correlation. The correlation gives a
1 in case of a positive correlation and a -1 in case of a negative correlation.

Hypotheses 2 and 8 are applied for this method from section 1.4.

• H2.0 - There is no correlation between perceived safety and use of bicycle lanes.
• H2.1 - There is a positive correlation between perceived safety and use of bicycle lanes.

• H8.0 - There is no correlation between income and the use of a bike.
• H8.1 - There is a negative correlation between income and the use of a bike.

3.3. Summary
In chapter 3 the survey and the methods of data interpretation have been discussed. In section 3.1.1,
the structure of the survey has been designed to answer the hypotheses formulated in section 1.4.
Every question in the survey has an outcome which can be used for further research. In section 3.1.2,
the different designs questioned in the survey have been shown with their different characteristics. In
section 3.2, the different data analysis methods have been presented and linked to the hypotheses
they would give an answer to. The data analysis methods chosen are non-parametric tests and consist
of the Kruskal-Wallis test, the Mann Whitney U-test, the Wilcoxon signed-rank test and the Spearman
correlation. With use of these four different data analysis methods the hypotheses in section 1.4 can
be evaluated and retained or rejected.



4
Data analysis

In the following chapter the data analysis is done on the results from the survey. Section 4.1 will
discuss the obtained data from the survey. Section 4.2 will present the independent variable results
in pie charts and bar graphs. Section 4.3 will analyse the results, using the data analysis methods
mentioned in chapter 3.2. At the end of the chapter a short summary is written in section 4.4.

4.1. Obtaining data
For the processing of data it is vital that the survey is filled in as much as possible. The more respon-
dents there are the smaller the margin of error becomes. Anomalies will then not outweigh the data and
create unrealistic results. In this research a minimum of 100 respondents was deemed enough for the
data analysis. With this minimum, the chances were greater that the data would be more spread over
the different independent variables. It is not only important to have a certain amount of respondents,
but also enough respondents from different socio-demographic and -economical groups. Fortunately,
the amount of respondents was above the 100 respondents threshold, with a total of 116 responses.
Also the spread of data was deemed enough, with a 48.3% of respondents being 18-24, considering
most means used to spread the survey are frequented by this age category.
To achieve a greater number of respondents, the survey was written in Spanish. This was done be-
cause in Spain only a 27% of the population is able to express themselves in English, this number
is even lower for fluent speakers (Бекишев, 2022). To reach out to the respondents, the survey has
been spread through the means of social media. This is a phenomenal method to reach out to large
groups. A simple post on a platform like Instagram can be viewed over 500 times within a day. This is
most likely the reason why the group between the ages 18 and 24 is the largest group of respondents.
For the older groups of respondents, the main method of securing responses was through the promo-
tion of the survey in WhatsApp groups or private chats. Contacts were asked to spread the survey to
other group-chats of work, family and friends to reach out to the maximum amount of people possible.
The promotion of the survey in Facebook pages focused on cycling in Barcelona was attempted, but
was sadly not permitted by the page owners. All in all the promotion of the survey was a success,
considering that the minimum desired amount of responses was surpassed.

18
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4.2. Independent variable results
In the following section the results for the independent variables will be presented. The section is divided
into two subsections consisting of the socio-demographic and -economic data (subsection 4.2.1) and
the transport data (subsection 4.2.2). The socio-demographic and -economic results will be compared
with population data of the city of Barcelona. To see whether the group of respondents represents the
population.

4.2.1. Socio-demographic and -economic
In the following section, the results of the respondents are presented and then compared to population
data of Barcelona. Below in Figure 4.1, the socio-demographic and -economic pie charts are shown
with the results.

Figure 4.1: Socio-demographic and -economic survey results

As mentioned in section 4.1 and depicted in Figure 4.1, it can be observed that the group of 18-24
year old’s make up a 48.3% of the respondents. The next largest group is between the ages of 55-64,
making up a 20.7% of the respondents. Followed by the third largest group of 45-54 year old’s, repre-
senting a 17.2% of respondents. Groups which have not been that well represented are above the age
of 64 and below the age of 18, with both only two respondents.
In terms of gender there is a greater amount of female respondents, but fortunately not too large to
make the data insignificant.
The distribution in education levels shows that a 44% of the respondents has a bachelors degree. Fol-
lowed by a 23.3% of the respondents having done a degree in a profession. The finishing of the high
school diploma comes in third and fourth comes the finishing of a masters degree. The other educa-
tional options are represented by 1 or 2 respondents, making them almost negligible.
Occupation was a category consisting of mainly employed respondents (56%) and students (31.9%).
The next largest represented group, was of respondents that would rather not state their occupation
(6%). The monthly salary chart is one with the most distributed responses. Due to the high amount
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of students responding, with probably part-time jobs, it is not odd to see that a 23.3% of respondents
earns under the minimum wage. Followed by the second largest group, of 21.6% of the respondents,
rather not sharing their salary. The third largest group, representing 16.4%, does not have a salary.

The city of Barcelona has a population of 1.6 million inhabitants, consisting of 47.3% males and 52.7%
females (“Barcelona”, n.d.). The distribution of males and females in the survey is not the same, as
60% of the respondents were female. This could have to do with the platforms on which the survey
has been spread or that female friends have spread the survey more compared to male friends.

Figure 4.2: City of Barcelona demographics (Wikipedia contributors, 2023).

In Figure 4.3 above, the demographics of the city of Barcelona are shown. As can be seen the largest
group of citizens belongs to the age groups of 40 to 47. This is something not fully accounted for in
the survey. The group of young citizens is much larger and so is the group of seniors above the age of
47. This is because the survey has been spread largely within these two groups due to student friends
and parents. In terms of education, it is noticeable that most respondents are students. Populations in
contrary tend to have a negative correlation, the more difficult an education becomes the less people
do it.

4.2.2. Transport data
The results of respondents on their usual use of transport, bike use and bike experience will be shown in
the following subsection. In Figure 4.3 below the results are shown for the usual mode of transportation
and use of the bicycle.

Figure 4.3: Usual mode of transport and bicycle use
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From Figure 4.3 interesting observations can be made. The most noticeable in the bar chart is that
the bike is the second least used mode of transport by the respondents, with only 15.5%. The car
however, is by far the most used with 55.2%, followed up by public transport with 38.8% and walking
at 34.5%. The only mode of transport used less than the bike is the motorbike, used by 11.2% of the
respondents. This could be very interesting for the research in discovering whether this low use of the
bike has something to do with the perception of safety and encouragement. In the bar chart the amount
of times the bicycle is used per respondent is shown. The most voted is no use of the bicycle at all, at
an astonishing 41.4%. The second most voted is 1 to 2 times per year at 16.4% and on third 3 to 4
times per year with 12.9%. After that the most voted options are daily, 3 to 4 and 1 to 2 times per week.
This shows that there are extremes in the use of bicycles. Either respondents use it on a weekly/daily
basis or (almost) not at all. This means that within the enormous group of young respondents a very
small percentage uses the bike to travel. A group which is usually considered as one to use cheap and
accessible modes of transport.

In Figure 4.4 below, the results are shown for the current perceived safety on the bicycle and if a
respondent has had an accident.

Figure 4.4: Perception of safety and having had a bicycle accident in Barcelona

The bar chart in Figure 4.4 shows the answers of respondents on how safe they feel going by bike
through Barcelona. There are some respondents very happy with the safety in the bike lanes, however
the large majority finds the perceived safety below average. These results are crucial, confirming the
necessity for safety improvements in Barcelona’s bicycle lanes. Later in this chapter the analysis will
be made to see if there is a relationship between the amount of times a respondent uses a bike and its
perception of safety. Observing the small amount of respondents giving high perceived safety scores
and the small amount of cyclists, there could be a correlation. Another correlation that could be seen
is one mentioned in section 2.3, concerning the use of transport depending on perceived safety. It is
clear by looking at Figures 4.3 and 4.4 that a feeling of unsafety by the majority of respondents has
lead to a very low use of the bicycle. Furthermore, Figure 4.4 also shows if respondents have been in
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a bicycle accident. In total 12 respondents have been in a bicycle accident, representing 10.3% of the
respondents. Another respondent has stated that they have been almost in a bicycle accident multiple
times. This shows that the bicycle lanes could be considered unsafe and must be evaluated.

Figure 4.5: Would consider using the bike if the bike lane they consider safest were to be applied

Figure 4.5 above shows that if the lane that respondents consider the safest in the survey were to be
applied, a staggering 81.9% would be tempted to use the bicycle lanes. This hints that the low amount
of bike users in the current network is related to the low safety perceived by its citizens.

4.3. Analysing results
In this section the data will be analysed to reject or retain the hypotheses formulated in section 1.4. In
subsection 4.3.1, the data will be analysed through simple methods of comparing means and variables.
In subsection 4.3.2, the data interpretation methods of chapter 3.2 will be performed.

4.3.1. General data analysis
In this subsection Figures 4.6, 4.7 and 4.8 will be presented. The three figures are a simple analysis
of the data retrieved from the survey. The three graphs give a simple answer to three hypotheses
formulated in section 1.4.

(a) Perceived safety (b) Encouragement

Figure 4.6: Perceived safety and encouragement vs age

Figure 4.6 gives a general view on the average score on the perception of safety and encouragement
given by the different age categories of all the designs in the survey. A noticeable trend in the data is
a higher perception of safety in the younger age categories compared to the older ones. The younger
ages are close to the 7 while the older groups are moving closer to the 6. An anomaly in the data trend
is the age category 35-44. The overall perceived safety score decreases until it reaches this category,
resulting in an increase in perceived safety of 0.3. After this increase, the overall score keeps decreas-
ing. A point which should be noted is the age category of above 64. There were only two respondents
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(a) Perceived safety (b) Encouragement

Figure 4.7: Average safety and encouragement score per gender

in this category, which could explain the very small increase of 0.1. In the case of encouragement the
same trends can be seen as in perceived safety, including the increase of encouragement in the age
category 35 to 44.

Comparing the results to hypotheses 1a, stating ”Older respondents are more likely to give lower scores
for perceived safety”, it is interesting to see that the trend is followed on a large scale with the exception
of one age category.

Figure 4.7 shows the average safety and encouragement scores given by males and females of all
designs in the survey. The data set follows the hypotheses 1b, stating ”Males are more likely to give
higher scores of perception of safety and encouragement”. It is interesting to see that there is, with
simple analysis of the data, a clear distinction in the safety and encouragement score between males
and females.

Figure 4.8: Average safety and encouragement per respondent

Figure 4.8 above shows the average score given by respondent on perceived safety and encourage-
ment. In the graphs there is a noticeable trend in the perceived safety and the encouragement. There
are very clear signs that the two different variables are very much correlated. There are some anoma-
lies, but generally speaking the average encouragement follows or is just below the average perceived
safety score. There are two cases in the data however which show a very strong average in encourage-
ment, yet a lower score for perceived safety. It is unclear why the two respondents gave such answers,
as no comments were provided and both had very different responses for the socio-demographic, -
economic and bike use inquiries.

4.3.2. Methodological data analysis
In the following subsection, the data from the survey is interpreted using four different methods men-
tioned in section 3.2. The interpretation is done using the Kruskal-Wallis test, the Mann Whitney U-test,
the Wilcoxon signed-rank test and the Spearman-correlation. Using these methods, the null hypothe-
ses shown in section 1.4 will be rejected or retained and a significance is concluded. The lower the
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degree of significance, the greater the possibility that there is a relationship between groups being com-
pared.

Kruskal-Wallis test
The Kruskal-Wallis test is applied on 3 hypotheses, consisting of hypotheses 1.1, 3 and 9. To test
hypothesis 1.1, the average perceived safety score given by each respondent is classified into 5 age
groups and compared. Due to the age groups under 18 and above 64 consisting of only 2 respondents
each, the groups are merged with the neighbouring group. Creating a total of 5 groups, instead of 7.
The result is that the null hypothesis is retained with a significance p = 0.290, shown in Figure B.1.
A null hypothesis is rejected when p < 0.05. To assess whether this result is due to the low number
of respondents of certain age categories, the age categories have now been separated into 3 groups.
The young group, with respondents under the age of 25. The middle group, with respondents aged
between 25 and 54. And the elder group, consisting of respondents above the age of 54. The results
of this test, shown in Figure B.2, gave a lower significance of p = 0.165, yet still with the result of a
retained null hypothesis. This means that the predicted correlation in section 2.2.3 between age and
perceived safety is rejected.

To test hypothesis 3, the Kruskal-Wallis test was run on the 8 different bike use groups asked in the
survey. The result of the test, seen in Figure B.3, was a retained null hypothesis. Due to many different
groups and few respondents representing some, the test was run again on three different groups. The
groups consisted of frequent users, which were respondents using the bike on a weekly basis. Non-
frequent users, representing monthly and yearly users. And the third group, representing the non-users.
This test, shown in Figure B.4, gave a rejection of the null hypothesis with a significance p = 0.043. This
means that there is a relation between more frequent use of the bicycle and a higher score for the per-
ception of safety. This correlation is mentioned in section 2.2.1 concerning the socio-economic aspects
of respondents.

Hypothesis 9 examines whether respondents with previous accidents perceive safety differently and
receive varying levels of encouragement. The respondents are placed in two different groups of which
the scores are compared for perceived safety and encouragement. After the test, the significance for
perceived safety equalled p = 0.97 and for encouragement p = 0.414, depicted in Figure B.5 and Fig-
ure B.6. This implies no significant difference in scores between respondents who have experienced
a bicycle accident, rejecting the predicted correlation in section 2.2.2.

Mann Whitney U-test
The Mann Whitney U-test is performed on hypothesis 1.2. The null hypothesis states ”Male bike users
give a higher perception of safety and encouragement score”. The result of the Mann Whitney U-test,
depicted in Figure B.7, is a retained null hypotheses for the perceived safety score, with a significance
of p = 0.113, and a rejected null hypotheses for the encouragement score, with a significance of p
= 0.040. This means that in terms of perception of safety there is no significant difference between
genders, however in encouragement there is. Showing a higher encouragement for males to use the
bicycle lanes. Predictions made in section 2.3 on encouragement are therefore in line with the results
shown, yet predictions in section 2.2.3 on perceived safety are rejected.

Wilcoxon signed-rank test
The Wilcoxon-signed-rank test is a test in which the median scores of two different designs are com-
pared, indicating whether there is a difference between the two designs. The test is used to reject or
retain hypotheses 4, 5, 6 and 7.

In Table 4.1 the test results are shown for hypothesis 4 and in Table 4.2 the results are shown for hy-
pothesis 5. The Wilcoxon signed-rank test can only be done between two designs. For that reason all
designs have been compared to design 1. Design 1 is the simplest design and was the first one to be
implemented in the city of Barcelona. As it is the simplest design it is easier to analyse the differences
between design characteristics and their scores. The test results from SPSS are shown in Figure B.8
and Figure B.9



4.3. Analysing results 25

Null hypothesis Decision
There is no difference in perceived safety score between design 1 and 2 Rejected
There is no difference in perceived safety score between design 1 and 3 Rejected
There is no difference in perceived safety score between design 1 and 4 Rejected
There is no difference in perceived safety score between design 1 and 5 Rejected
There is no difference in perceived safety score between design 1 and 6 Rejected
There is no difference in perceived safety score between design 1 and 7 Rejected

Table 4.1: Results hypotheses 4 test

Null hypothesis Decision
There is no difference in encouragement score between design 1 and 2 Rejected
There is no difference in encouragement score between design 1 and 3 Rejected
There is no difference in encouragement score between design 1 and 4 Rejected
There is no difference in encouragement score between design 1 and 5 Rejected
There is no difference in encouragement score between design 1 and 6 Rejected
There is no difference in encouragement score between design 1 and 7 Rejected

Table 4.2: Results hypotheses 5 test

As can be concluded from the Tables 4.1 and 4.2, there is a difference in safety and encouragement
between designs. This conclusion goes in line with the predictions made in section 2.2.2 and section
2.3, predicting different perceived safety and encouragement scores due to alterations in lane charac-
teristics.

Null hypothesis 6 states ”There is no difference in score between one- and two-way bicycle lanes”.
To test this hypothesis there were two different bike lane designs in the survey containing a one-way
and a two-way lane. The two different lanes compared to each other are design 1 with 7 and design
2 with 3. As stated in the Wilcoxon signed-rank test of hypothesis 4 and 5, the null hypothesis was
rejected. So in terms of safety and encouragement there was a difference between design 1 and 7.
For the test done between design 2 and 3 the null hypothesis was retained for safety and rejected for
encouragement, shown in Figure B.10. This means that respondents are more encouraged to use the
two-way bicycle lane compared to the one-way bicycle lane. This also means that respondents see no
difference in safety between dense and non-dense low blocks as a physical barrier.

Null hypothesis 7 states ”There is no difference in perceived safety and encouragement score with
more physical barriers”. The test was done by step-wise comparing lanes with more physical barriers
to each other. The lanes compared to each other were 1 to 3, 3 to 4, 4 to 5 and 5 to 6. The results are
shown in Table 4.3 below, in Figure B.11 and Figure B.12.

Additional physical barrier Safety Encouragement
Small low blocks Rejected Rejected
Tall round cones Rejected Rejected

”New jersey blocks” Rejected Rejected
Trees and grass Rejected Rejected

Table 4.3: Results hypotheses 7 test

As can be concluded from Table 4.3. The more physical barriers there are, the higher the encourage-
ment and perceived safety score is.
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Spearman-correlation
The following test will be performed on hypotheses 2 and 8. Through this test it is possible to assess
whether there is a positive, a negative or no correlation between two variables.

The null hypothesis 2 states that there is no correlation between the perceived safety and the use of
bicycle lanes. After having run the test, the result was that there is a significant correlation between
the perceived safety score and the score for encouragement, shown in Figure B.13. This is logical and
mentioned in section 2.3, as the safer something is considered, the more encouraged a respondent is
to make use of such commodity. This is important for the government, as an increase in perception of
safety of the bike lanes results in an increase in the use of the lanes, this unfortunately also works the
other way. One of the results of the survey, shown in Figure 4.4, indicates that the great majority of
respondents grades their current perceived safety a 5 or lower. This results in less encouragement and
therefore a limited amount of bicycle lane users. This could indicate why there is such a large group of
respondents that never uses the bike.

The null hypothesis 8 states that ”There is no correlation between income and the use of a bike”. To test
this hypothesis the different income groups were numbered from 1 to 7 and the frequency of bike use
from 1 to 8. The data set consisted of 91 respondents, as some respondents preferred not to specify
their income. From the test the result was that there was no correlation between income and the use
of a bike, shown in Figure B.14. Rejecting the correlation between income and use of bike, mentioned
in section 2.2.1. The government therefore by improving bicycle lanes encourages citizens of different
salaries to make use of the bicycle lanes. Making cycling a mode of transport for all citizens and not
just for a specific group.

4.4. Summary
In this chapter the data has been analysed using simple methods of analysis and the non-parametric
tests mentioned in section 3.2. From the analysis relationships can be seen between different factors
and perceived safety and encouragement.

Age played no significant role in the perception of safety. Younger respondents were prone to give
higher scores, but that was not significant enough. Gender and use of bike however did play an im-
portant role in the encouragement of bicycle lanes. Males gave higher scores of encouragement than
females and frequent bike users had higher perceptions of safety compared to non-frequent users. In
terms of safety, the scores remained the same between genders. Also respondents that have been in
a bicycle accident before gave no significant different scores on perceived safety and encouragement.

Furthermore, it was very clear that different bike lane designs had different perceived safety and en-
couragement scores and that the more physical barriers a bike lane had the higher the encouragement
and perceived safety scores were. Two-way bicycle lanes also gave higher scores of encouragement
but no difference in perceived safety. On top of that there was a clear correlation between the perceived
safety and the encouragement to use a bike lane, but no correlation between income and the use of
the bike. This is important, as the safer a bike lane is perceived the more encouraged citizens are to
use the lane. Also, from a governmental perspective, allocating resources to bicycle lanes constitutes
an investment that benefits the entire population.
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Discussion

In the following chapter, a discussion is written on the research that has been done in this paper. The
structure consists of three sections which are the extraction and analysis of data in section 5.1, limita-
tions in section 5.2 and ensuing research in section 5.3.

5.1. Extraction and analysis of data
The focus of this research was to discover the possibilities of improvement in safety and use of bi-
cycle lanes in the city of Barcelona by understanding the perception of safety and encouragement of
commuters. To do so, the investigation was done with the use of a survey, answering hypotheses
to achieve a response to the research question. The hypotheses were important elements to see if
variables had influence on each other. Three of the dependent variables were the socio-demographic,
socio-economic and bike experience. To improve the use and safety of bicycle lanes it is important to
analyse correlations between groups and observe behaviours. This way the ideal recommendations
can be made for improvements.
Other important observations were how changes in design characteristics of bicycle lanes affected the
scores of perceived safety and encouragement. Through analysis of responses made, correlations
were able to be analysed to answer the research question. The most important correlation found was
that design changes of bicycle lanes resulted in different scores for both perceived safety as for en-
couragement. Another important correlation was that an increase in physical barriers resulted in higher
perceived safety and encouragement scores. Hypotheses that gave different results than the predic-
tions were the perception of safety scores related to age and to having had experience in a bicycle
accident. This could be because there were not many respondents that have been in a bicycle acci-
dent before and because the older groups were more limited. However, the significance was still very
low.
The ideal situation would be a larger group of older respondents and more respondents with experi-
ence in accidents. Through having more respondents data is more trustworthy as anomalies have less
effect on the result of the data analysis. A larger group of respondents would have been better for
the research in all aspects. The amount of respondents was enough to draw conclusions on some
hypotheses, but would have been more helpful in the case of others.

5.2. Limitations
Due to the time limitations there are also limitations in the research. The research was solemnly fo-
cused on the perceived safety and encouragement from the point of view of a cyclist. Considering all
the other stakeholders using public roads it is only a small group. To gain overall safety for everyone
using space around bicycle networks, it is also important to consider the perception of safety from the
point of view of pedestrians, car users, scooter users and motorcyclists. An important stakeholder
mentioned is the scooter, also called electric steps. These vehicles are powered by an electric motor
and are very new to using cycling lanes. Cities like Barcelona have permitted use of such vehicles
on cycling lanes, however, countries like The Netherlands have forbidden the use of such modes of

27



5.3. Ensuing research 28

transport due to the dangers (“Elektrische step - hoe zit dat? | ANWB”, n.d.). The perception of safety
and encouragement scores will most-likely change due to the use of other modes of transport and also
their point of view on the bicycle lane.
Another important factor, which has not been discussed in the research with a significant impact on
safety, is education. Users in Barcelona make use of bicycle lanes without knowing the rules of traf-
fic. If citizens were to be educated at school, from a young age, the coming generations would have
experience using bicycle lanes and therefore would probably decrease the amount of accidents occur-
ring. The same accounts for commuting time, a respondent is still not prone to use the bicycle if the
commuting time is too long, even if the perceived safety is very high.

5.3. Ensuing research
For future research it would be interesting to have a larger group of respondents for the survey. As men-
tioned above, more respondents result in a better analysis of data. Furthermore, it would be interesting
to make a logistical regression model. Having such a model would prove very helpful in predicting
correlations in the future using data from the survey. This way of scores can be estimated for different
designs, creating the opportunity for city planners to predict their effectiveness of a bicycle lane design.
Another noteworthy subject for future research is the implementation of the most effective bicycle lane
in different avenues. The safest bike lane designs and characteristics have been depicted, however
not every street can have the safest design implemented. It is therefore important to research the most
effective lane design for each street.



6
Conclusion and recommendations

The aim of this research was to obtain a better understanding on the perceived safety and encourage-
ment of bicycle lanes in the city of Barcelona and to answer the following question:

How can the use and safety of bicycles lanes in the city of Barcelona be improved through the
understanding of safety perception and encouragement of commuters?

To formulate an answer to this question the data was collected through the use of a survey. The
goal of the survey was to quantify the score of perceived safety and encouragement of each respon-
dent for different bike lane designs. The bike lane designs varied from sizes to physical barriers be-
tween the lanes and other traffic around it. Furthermore, independent variables like socio-economic,
socio-demographic and bike experience were questioned to examine whether there are correlations in
responses and groups of independent variables. Results from the survey show that the great majority
of the respondents give a score of lower than 5 for the current safety of the bicycle network in Barcelona.
To add to that a staggering 41.4% of the respondents never use a bike, however 81.9% is tempted to
use the bicycle lanes if the design they considered safest in the survey is applied. This indicates that
bicycle lanes are considered unsafe by citizens and that they are not using them due to safety. Adjust-
ments to the current network will give fruit to more use of bicycle lanes, creating a sustainable method
of transport in the city. Reducing the emission of harmful gasses and therefore creating a more liveable
urban environment.

Non-parametric analysis of the survey data has shown correlations between variables. One of the
most important of all is the positive correlation between perceived safety and encouragement, justified
with the use of the Spearman-correlation. This implies that when the perceived safety score rises, so
does the encouragement. This also works vice-versa. On that account, if the local government were
to revamp the bicycle lanes the encouragement would automatically be higher resulting in more users
of the bicycle network. The Spearman-correlation test was also applied to the relationship between
income and the use of bikes, but resulted in no correlation. This implies that income and the use of
the bike do not influence each other. With the use of the Mann Whitney U-test a difference was found
in encouragement between males and females on the bicycle network. Males were more encouraged
to use the bicycle lanes compared to females. Applying the Kruskal-Wallis test to the same results of
the respondents resulted in a higher perception score given by respondents that frequently use a bike,
no difference in perception of safety score in relation to age and no difference in perception of safety
score related to having already been in an accident. This means that once a citizen uses the bike they
will get used to the circumstances and give higher scores for perception of safety. This is a positive
remark for the government, but to increase the use of bicycle lanes citizens will first have to consider it
safe enough to start using it.

The other important correlation found was that there is a different score for the perception of safety and
encouragement between bike lane designs. There were certain key characteristics that gave rise to the
different scores. The test was done using the Wilcoxon signed-rank test and the two key characteristics
were the lane width and the physical objects as barriers. Respondents were more encouraged to use
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two-way bicycle lanes compared to one-way, yet perceived no difference in safety between the two. In
terms of physical barriers, respondents were more encouraged and perceived more safety the more a
physical barrier was present between the bike lane and other users.

Based on the research in this investigation it is clear that to improve the use and safety of bicycle lanes
it is vital to improve the safety perceived by bike users. The higher the perceived safety, the more the
bike lanes will be used. To improve the perceived safety two-way bicycle lanes should be used with as
much of a physical separation as possible from other users. Designs 5 and 6 show such barriers and
the implementation of such designs would result into 81% of the respondents being more tempted to
use the bike. While the placement of a barrier like in design 5 is much easier compared to design 6,
which would limit the other road users on the street. Furthermore, exploring implementations of various
bike lane designs across the city should also be a subject of research. Such an approach ensures the
development of the most effective and safest bike lanes for each street, taking into consideration the
interests of all relevant stakeholders.
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A
Survey questions

A.0.1. English Survey
The link to the survey is the following:
https://docs.google.com/forms/d/e/1FAIpQLSdQmR1paIVzw8hk_Ma-FlW6xEznI0ZFTPAA9sryGLC6RZ1NrQ/
viewform?usp=sf_link

Part 1:

In this part the socio-demographic, use of transport and cycling experience questions are asked.
The figures are in the order that the respondent answers the survey.

This part is shown in the next page.
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(a) Intro

(b) Q1 (c) Q2

(d) Q3 (e) Q4

(f) Q5 (g) Q6

(h) Q7 (i) Q8

(j) Q9

Figure A.1: Part 1
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Part 2:

In this part the perception of safety is asked and the encouragement of use of each design. Un-
der each design the same two questions are asked, shown after the first design. To avoid pointless
repetition the two questions are shown only under design 1.

This part is shown in the next page.



36

(a) Intro (b) Design 1

(c) Two questions under each design (d) Design 2

(e) Design 3 (f) Design 4

(g) Design 5 (h) Design 6

(i) Design 7

Figure A.2: Part 2
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Part3:

(a) Final question on safety

(b) Comments on survey

Figure A.3: Las questions on survey
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A.0.2. Original survey in Spanish
The link to the survey is the following:
https://docs.google.com/forms/d/e/1FAIpQLSdRiNfLGRzKaDQKmTn9hh62LBOno8NXDwgM0PadkqG9kuAs7Q/
viewform?usp=sf_link

Just like in appendix A the appendix has the same structure with part 1 and 2.
Part 1:

https://docs.google.com/forms/d/e/1FAIpQLSdRiNfLGRzKaDQKmTn9hh62LBOno8NXDwgM0PadkqG9kuAs7Q/viewform?usp=sf_link
https://docs.google.com/forms/d/e/1FAIpQLSdRiNfLGRzKaDQKmTn9hh62LBOno8NXDwgM0PadkqG9kuAs7Q/viewform?usp=sf_link
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(a) Intro

(b) Q1 (c) Q2

(d) Q3 (e) Q4

(f) Q5 (g) Q6

(h) Q7 (i) Q8

(j) Q9

Figure A.4: Part 1
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Part 2:

This part is shown in the next page.
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(a) Intro (b) Design 1

(c) Two questions under each design (d) Design 2

(e) Design 3 (f) Design 4

(g) Design 5 (h) Design 6

(i) Design 7

Figure A.5: Part 2
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Part3:

(a) Final question on safety

(b) Comments on survey

Figure A.6: Las questions on survey



B
SPSS results

Kruskal-Wallis test

Hypothesis 1.1

Figure B.1: Age vs perceived safety in 5 different age groups

Figure B.2: Age vs perceived safety in 3 different age groups

Hypothesis 3

Figure B.3: Bike use vs perceived safety in 8 different bike use groups
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Figure B.4: Bike use vs perceived safety in 3 different bike use groups

Hypothesis 9

Figure B.5: Perceived safety vs bike accident

Figure B.6: Encouragement vs bike accident
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Mann Whitney U-test

Hypothesis 1.2

Figure B.7: Gender vs encouragement and perception of safety

Wilcoxon signed-rank test

Hypothesis 4

(a) 1 vs 2 (b) 1 vs 3

(c) 1 vs 4

(d) 1 vs 5 (e) 1 vs 6 (f) 1 vs 7

Figure B.8: There is no difference in perceived safety score between designs

Hypothesis 5

(a) 1 vs 2 (b) 1 vs 3

(c) 1 vs 4

(d) 1 vs 5 (e) 1 vs 6 (f) 1 vs 7

Figure B.9: There is no difference in encouragement score between designs
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Hypothesis 6

(a) Safety (b) Encouragement

Figure B.10: There is no difference in score between one- or two-way bike lanes

Hypothesis 7

(a) 3 to 4 (b) 4 to 5 (c) 5 to 6

Figure B.11: Safety

(a) 3 to 4 (b) 4 to 5 (c) 5 to 6

Figure B.12: Encouragement
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Spearman correlation

Hypothesis 2

Figure B.13: Correlation between safety and encouragement

Hypothesis 8

Figure B.14: Correlation between income and bike use



C
Timetable

Timetable BEP Q1 2023

Week 1: Workplan is made and research question is brainstormed.

Week 2: Gathering of information
Online information on the perception of safety, safety designs of bicycle and the use of lanes is gath-
ered. Contact will be made with a relative in the government of Barcelona to receive information on
the criteria implemented on bicycle lanes in the city. Different types of safety measures are researched
Why is it important to have safety in bicycle lanes and who benefits from it

Week 3:
A survey is made to ask users in Barcelona on their experience in the lanes. An important part of this
survey is the questioning of different safety measures applied in Barcelona. Further research is done
on the methodology. Survey is shown to colleagues and supervisors at the end of the week.

Week4:
Data analysis methods are chosen. The survey receives the finishing touches and is translated to
Spanish to be published on Thursday. Literature study and the methodology are further improved with
feedback from peers. Midterm presentation is given on the work that has been completed.

Week 5:
All filled in data of the survey is analysed with the statistical analysis methods that have been chosen
through SPSS.

Week 6:
Preliminary, summary, conclusions and recommendations

Week 7:
Presentation of results with short pitch
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