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BICYCLE MAPS. 2D REPRESENTATIONS FOR ROUTING
AND DECISION MAKING OPTIMIZATION AT LOCAL

SCALE.

Abstract

Urban cycling maps play a crucial role in promoting cycling and improving the cycling
experience. These maps provide essential information for bicycle mobility, including
geographic information, points of interest, and mobility-oriented elements. However,
the lack of shared knowledge on how to create these maps limits their practicality and
use, resulting in shortcomings in terms of content and style. To address this issue, this
study begins by analyzing the needs of the cycling community to identify the necessary
components that must appear on this kind of maps. The study also examines the best
practices among existing maps, both in terms of content and design. The research
highlights the need to establish standards that unify the criteria used in preparing these
maps, with particular emphasis on the inclusion of essential items, their representation,
and the depiction of notable elevation gains. This work presents a set of standardised
criteria, which were verified through a questionnaire. Finally, the study presents the
final standards, accompanied by a map that illustrates these criteria.

Keywords: Bicycle maps, Cartography, Cycling infrastructure, 2D mapping, Sustain-
able Mobility
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MAPES CICLISTES. REPRESENTACIONS EN DUES
DIMENSIONS PER L’OPTIMITZACIÓ DE LA PRESA DE

DECISIONS A ESCALA LOCAL.

Resum

Els mapes urbans per bicicletes tenen un paper bàsic en la promoció de l’ús de la
bicicleta i en la millora de l’experiència ciclista. Proporcionen informació crucial per
la mobilitat en bicicleta, incloent-hi informació geogràfica, punts d’interès i elements
orientats a la mobilitat. Actualment, no hi ha un coneixement compartit en la manera
de fer aquests mapes, fet que en limita la seva practicitat i ús, amb mancances pel
que fa a contingut i estil. En aquest context, aquest treball parteix de l’anàlisi de
les necessitats del col·lectiu ciclista per identificar els ítems que han d’aparèixer de
manera indispensable als mapes ciclistes d’entorns urbans. També recull les millors
pràctiques d’entre els mapes existents, tant en l’àmbit de contingut com de disseny.
La recerca planteja la necessitat de crear uns estàndards que unifiquin els criteris que
es tindran en compte per l’elaboració d’aquests mapes, amb especial atenció als ítems
continguts, a la seva representació i a la manera en què seran representats els indrets
amb desnivells pronunciats. El present treball presenta una primera estandardització
d’aquests criteris, que són verificats a través d’un qüestionari. En últim lloc, presenta
els estàndards definitius, acompanyats d’un mapa que els il·lustra.

Paraules clau: Mapes ciclistes, Cartografia, Infrastructura ciclista, Mapes en 2D, Mobi-
litat sostenible
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1

Introduction

1.1 Problem statement and motivation

This research arises from the increasing number of bike users worldwide (Buehler and
Pucher 2021), using this mean of transportation as a sustainable, cheap, and healthy
option (Oja et al. 2011). Cyclists have specific needs, being specially sensitive to eleva-
tion changes, exposed to road traffic and changing weather conditions, and require a
cycling infrastructure, from bike lanes to parking spots to develop their activity (Wessel
and Widener 2015). All these demands must be addressed, and the infrastructure and
facilities developed, but equally importantly, must be catalogued and published so that
cyclists know them. This project rises in the absence of standards for bike-orientated
maps, with few applications and web portals using bike-personalised features in their
maps and bike routing solutions. The most spread representations are used indistinctly
for pedestrians, private combustion vehicles or bicycle users, with the absence of per-
sonalized features for those users(Haria et al. 2019).

From academia, bike-specific maps forurban instances have roughly been addressed(Wessel
and Widener 2015), Brügger, Fabrikant, and Çöltekin 2017). We believe that the ne-
cessities of each cyclist must be addressed to produce maps according to the specific
requirement of the users. The existing gap arises from the absence of representation
standards for the geographical features of relevance for cyclists. There is an absence
of a clear procedure on how to represent them in a two dimensional (2D) map. The
knowledge gap to be covered is therefore the standardisation of the requirements for
cycling maps, or in other words: which features need to be represented, and in which
form in order to more clearly favour the decision-making.

1.2 Objective and Research questions

The main goal of this research is to provide standards for web mapping displays
tailored to bicycles that can fulfil the diverse needs of different types of cyclists. These
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1.3. THESIS STRUCTURE

needs will be addressed at the local scale, as it can capture specific locations or road
specifications with sufficient detail to identify unique features. In achieving this
objective, we anticipate resolving the following research questions:

• Which geographical features, points of interest, and items, either bike-orientated
or not, should the map contain to fulfil the different cyclists needs?

• What is the elevation representation in 2D maps that helps the usermore efficiently
choose their desired route?

• Which is the most intelligible and comprehensive style for visualizing these 2D
maps?

The expected output for this research is a detailed description of the items that are
expected be depicted in a bicycle map, in the form of reasoned standards, along with
an example map with the features represented.

1.3 Thesis Structure

This thesis is structured into four different chapters. The first one introduces the back-
ground and motivation behind this document and presents the objectives, expected
results, and contribution to the field.

The second chapter provides a comprehensive review and analysis of pertinent lit-
erature in the fields of mobility, Geographical Information System (GIS) science, and
cartography, establishing a firm foundation for the subsequent research. The first
section covers the history of cycling maps, followed by an exploration of the diverse
cyclist typologies and their needs on a second section. The third section discusses
the infrastructure necessary to support safe cycling, not only to benefit cyclists but
also to encourage broader participation in cycling. Finally, the 2D representation of
linear features is examined to enhance the quality of the resulting cartographic outputs.

The second step is a review of the available urban cycle maps on the Internet to
get a state of the art view of what actually compounds maps for cycling. 25 maps
are classified, with the aim of identifying the crucial features laying on them. The
main features reviewed are the ones directly related to cycling mobility, with especial
attention to elevation representation. The features are methodically categorized to
enable an efficient analysis.

The fourth chapter presents a detailed account of the methods employed to achieve the
standardisation of bicycle maps. The processes and techniques utilized are described
with precision to enable replication and evaluation of the outcomes.

3



CHAPTER 1. INTRODUCTION

The fifth chapter is dedicated to a first standardisation, sourced from both the lit-
erature review and the maps state of the art, as described in the methodology. In the
sixth chapter is described how this standards are evaluated through a questionnaire
and which results are obtained.

Lastly, the seventh chapter presents the final standards, derived from the questionnaire
responses in combination to the previous work. The eighth and final chapter brings the
conclusion to the work, including its relevance, limitations and future work directions.
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2

Literature Review

2.1 Introduction

Cycling can offer numerous benefits not only to the cyclists themselves but also to
the wider community. The physical activity associated with cycling can contribute
to improved cardiovascular health, reduced obesity rates, better mental wellbeing,
and an enhanced overall quality of life for individuals who cycle (De Hartog et al.
2010). Furthermore, cycling can be a more cost-effective and environmentally friendly
mode of transportation, which benefits the entire community by reducing air pollution,
noise, and traffic congestion (Teschke et al. 2012). Bicycle facilities on the road are
an effective solution to reduce accidents in transit and represent an improvement in
perceived safety, which can encourage more people to cycle (Buehler and Dill 2015).
Improving bicycle infrastructure can also be an effective way to promote safe cycling for
children and adolescents, and to engage them in physical activity (Braun, Rodriguez,
and Gordon-Larsen 2019).

Cartographers intend to faithfully represent the spatial arrangements of phenomena on
the surface of the earth, capture relevant features and their spatial relations, and finally
represent a scaled abstraction. Maps seek to be truth documents; thus, we can say
that our work consists of theorizing how best to represent and communicate that truth
(Kitchin, Perkins, and Dodge 2011). In this context, two dimensional (2D) mapping
is a key feature in route planning, providing us with the possibility of choosing the
starting and end points, showing the proposed route and its context (Hochmair 2004).
There are multiple types of geographic data displayed in maps: about roads, land uses,
water bodies, train lanes, or relief. But this raises questions on the essential or needed
information for cycle route planning (Lobben 2004). The equilibrium point between
the common data that one expects to find on a traditional map and the special features
that a biker really needs can be challenging to achieve (Keil et al. 2022). The bases to
reach the pursuit of an easily comprehensive but extremely useful map will be tackled
in this review.

5



CHAPTER 2. LITERATURE REVIEW

2.2 The history behind bicycle maps

For more than a hundred years, bike maps have been suggesting where recreational
cyclists might like to ride their bikes (Wessel and Widener 2015). This purpose is no
longer valid as every time more people is using bikes for more reasons than recreation
(Rosas-Satizábal, Guzman, and Oviedo 2020). Some of them are still pure leisure,
where individuals can choose to ride along the most scenic roads or paths, but cycling
in urban areas can involve navigating through diverse streets with varying contexts
for cyclists. In such urban context, cyclists must be provided with maps that detail
this street conditioning. These maps should offer essential information that can assist
cyclists in planning their routes effectively.

2.2.1 The first bicycle boom: The origin of bike maps

The bicycle, as we know it nowadays, was first created by John Kemp Starley in 1885,
who introduced the chain-drive transmission that was able to overcome the loss of
speed that had the velocipedes (older bikes with large front wheels). This first bicycle,
named Rover and known as the ’safety bike’, became widely popular in the last decade
of the nineteenth century coinciding with the invention of inflate tyres, invented by
John Dunlop in 1887 (Rubinstein 1977). These occurrences preceded a huge boom of
cycling in all over the world. Even in the US, amidst the panic of the 1896 depression,
bicycles were one of the few products whose sales increased.

Bikes where capable to provide the first affordable private transportation means and
thus their popularity was boosted by then Herlihy 2004. To meet the needs of this
increasing volume of bike users, the first bicycle ways were created. In the Nether-
lands, the first bicycle path was built in the city of Utrecht in 1885 (Reid 2017b), and
some other bicycle paths were built in Germany during the XIX century in Bremen
and Hamburg (Oldenziel and Bruhèze 2011). It also expanded to the US, starting in
Ocean Parkway (Brooklin) in 1896 and later on with the famous California Cicleway;
an elevated wooden made cycleway that connected Pasadena and Los Angeles through
the Arroyo Seco (14 km length), it was illuminated throughout the entire route and
included a toll for its use. Many other where constructed in states such as New Jerey
or New York and even in the World’s Columbian Exposition in Chicago, in 1895 (Reid
2017a).

Most of the users could not use these new cycle ways and had some hard time riding
their bicycles with mud, irregular surfaces and cobbles. They began to organise in
groups such as the League of American Wheelmen, with more than 100.000 members
all over the US Lisa 1995. Among other campaigns, these organisations made maps of
cities both to actually help cyclists navigate and to pressure politicians to pave the streets

6



2.2. THE HISTORY BEHIND BICYCLE MAPS

of the city (Wessel and Widener 2015). In those maps, the streets where signalised
depending on their bikeability and even some pavements were rated on a scale, again
both for the users and as a measure of pressure for the responsible of these streets. A
good example for that is the map of Downton Washington DC, published in 1884 by
the Capital Bicycle Club, where paved roads, suitable for cycling, where painted in
dark colors. The Detroit map (1) was more specific and detailed the type of surface for
every street.

Figure 1: Detroit bike map (Calvert Lith. And Eng. Co., 1886)

When bicycles began to consolidate worldwide as the fastest vehicle for personal
use, the internal combustion engine was introduced to them, and the first motorbikes
were created. After this successful innovation, the same happened to 4-wheelers that
evolved into automobiles. This relegated the bicycle to a secondary position for almost
a century (Reid 2017a).

2.2.2 The second bike boom: The recreational boom

In the post-World War II era, automobiles were seen as a symbol of progress and free-
dom, and little attention was paid to the negative impacts of automobile use, such as air
pollution and physical inactivity. The pavement was mostly smooth after the spread of
the car for personal use, and thus the main problem cyclists had to deal with was cars
and traffic in general, as the infrastructure for cycling was in general poorly developed.
Urban planning at the time was focused on accommodating automobile traffic, with
cities designed to prioritize cars, with wide streets, parking lots, and highways often
taking precedence over pedestrian and cycling infrastructure. As a result, cyclists often
had to share the road with cars, which made cycling feel unsafe and unappealing to
many people (Darzynkiewicz, Crissman, and Jacobberger 2004).
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CHAPTER 2. LITERATURE REVIEW

But in the 1970s decade started a second bike boom in America, when baby boomers
used bicycles in a seek of fitness, following their desire of enjoying the environment and
somehow as an imitation of the great European cyclists (Anquetil, the cannibal Merckx,
Roger de Vlaemenick, or Sean Kelly). In countries like the Netherlands and Denmark,
cycling was already well-established as a form of transportation, and infrastructure
was being developed to support it. In the United States, a small but dedicated group
of cycling advocates began pushing for better infrastructure and increased awareness
about the benefits of cycling. In these days, the seeds were being planted for a future
bike boom, as activists began to push for changes in urban planning and attitudes
towards cycling (Carballo 2011).

Maps where not used as a hypothetical solution to this fact, but they were solving
cyclists interests, which where more recreational rather than for commuting. So, they
were designing winding routes that avoided heavy traffic, providing people with a
pleasant and uninterrupted riding experience. As it was nothing more than a trend,
as boomers grew up, many of them also gave up riding bicycles, and this culture they
had created was outpaced along with their maps (Wessel and Widener 2015).

2.2.3 The third bike boom: The new century

In the last 10 years, the number of people using bicycles on a daily basis has increased,
even for commuting during weekdays (Buehler and Pucher 2021). This main difference
from the second boom meant that cyclists had safety needs and different approaches
have been taken in response from a traffic management perspective. Many bike lanes
and paths have been built in the last two decades all over the world (Reid 2017b).
The construction of segregated facilities is seen as the main demand by nowadays
bike associations as some city councils still don’t have the will to develop extensive
lanes(Volker and Handy 2021).

The maps in this era put a special emphasis on bicycle infrastructure, having clear
reminiscences to the late XIX century maps, as roads tend to be classified from more
to less suitable for biking (Wessel and Widener 2015). Mapping the urban bike infras-
tructure is a measure often adopted by city councils to encourage people to ride bikes
(Carballo 2011). It is also a way of promotion for the cycle infrastructure, which is
expensive and is not returning direct economic benefits to the council right after its
development.

The 2004 Cheltenham Cycle Map represents a pioneering effort in the United Kingdom,
as it was the first map of its kind to be published in the country. Although maps of
a similar design had gained widespread popularity in certain regions of the United
States, this was thr first to classify the entire highway network according to the level

8



2.2. THE HISTORY BEHIND BICYCLE MAPS

of skill and experience required for cycling. Unlike other maps that merely depict
specific cycle routes and associated amenities, this map provided a comprehensive
classification of the entire road network (Council 2014).

In parallel to cycling history, it is worth mentioning the boom of crowdsourcing in
Geographical Information System (GIS) in the new century. Crowdsourcing involves
collecting data from a large number of individuals, often through online platforms, to
create a more comprehensive and accurate representation of a particular geographic
area. The wide availability of GPS-enabled devices and smartphones made it easier
for people to collect and share geographic data. Additionally, the increasing popular-
ity of open-source GIS platforms and software has made it easier for individuals to
contribute to GIS databases and collaborate on mapping projects (Griffin and Jiao 2019).

OpenStreetMap-based bicycle map (CycleOSM) is a significant crowsourced tool for
bicycle mapping for several reasons. Firstly, it is an open source project, which means
that its data and resources are available for use and can be updated by anyone, mak-
ing it accessible and easily maintained by communities around the world. Being a
crowd-sourced project, it allows the collection of information from various sources
to produce a comprehensive and accurate representation of the bicycle network. The
integration of CycleOSM with Open Street Maps (OSM), one of the largest existing
open-source geographic databases, enhances its capability to produce high-quality
maps and provide a complete picture of the cycling network. Furthermore, CycleOSM
is designed specifically for cyclists, taking into account their preferred routes, bike
parking, and road hazards. This focus on cycling provides a valuable resource for
promoting cycling and helping cyclists find their way.

In this sense, México 2020 created an initiative to engage citizens in the co-creation of
their cycling map; which we see as a positive step towards promoting both participatory
governance and cycling. From a participatory governance perspective, this initiative
provides an opportunity for citizens to contribute their local knowledge and expertise
towards the development of a resource that will benefit their community. The citizens
where asked to improve the previous bike map through an online participatory process.
In this way, the city gains valuable insights into the needs and preferences of its cycling
community and ensures that the resulting map reflects the diversity of experiences and
perspectives within the city.

Despite maps potential to increase the use of bicycles and to promote the use of
bike lanes, relatively little has been done to standardise those maps taking into account
the essence behind them: the needs and different profiles of cyclists. In this context, it
is pertinent to be aware of the distinct categories of cyclists and cycling modalities.

9



CHAPTER 2. LITERATURE REVIEW

2.3 Diverse cyclists and cycling modalities

Different modes of cycling require particularities in route planning. Commuters, for
instance, have a particular interest in utilizing segregated bike lanes within urban
areas and avoiding steep inclines, while recreational or sportive cyclists may seek out
stunning vistas and challenging mountain passes (Sugiyama 2018). Each of these
singularities has special requirements that need to be assessed on their respective maps
to facilitate decision-making (Boér et al. 2013). The sole fact that defines an individual
as a cyclist is the presence of a bicycle between their legs (Wessel and Widener 2015).
Among this large group of people, several distinctions can be made:

A primary categorization that may readily come to mind is based on sociodemo-
graphic factors: There are countries such as Germany, the Netherlands or Denamrk,
where cycling is common for all demographic groups. On other occidental countries
(USA, the UK, Canada or Australia) women only account for the 25 % of total cyclists
(Buehler and Pucher 2012b). The same authors show high rates of bike usage in children
and adolescents, descending until the point where people aged older than 65 years
old make less than 1% of their trips by bike. Goel et al. 2022 conducted an analysis of
cycling behavior in urbanized regions. Among cities, the median mode share is 3.3%,
ranging from 0.3% in Cape Town to 28.7% in Amsterdam. The distance distributions of
cycling trips are similar in geographies and levels of cycling, with the highest values 0
to 5 km. They ensure that there is a strong positive association between representation
of women among cyclists and the level of cycling, while there is a big variation in the
representation of children and other adults.

A second distinction that can be made is the one provided by Dill and McNeil 2013,
where they create 4 groups: No way no how cyclists, individuals who are not regularly en-
gaged in cycling but possess the skill to ride a bicycle and may even own one; Interested
but concerned cyclists, individuals who can ride a slightly busy street but only if they can
feel quite safe; Enthused and Confident cyclists, average commuters or strong recreational
riders that can feel comfortable in open traffic; and Strong and fearless cyclists, young
and active cyclists that cycling is part of their identity and usually their primary mean
of transportation.

As an addition to this categorisation, we can distinct cyclists in two groups: vehic-
ular and non-vehicular or passive cyclists (Wessel and Widener 2015). The vehicular
ones can be associated with the last two groups in the previous one, as they are
people that interact with cars: claim an entire circulation lane for them, use the cor-
poral body to show their next moves, and feel confident under these circumstances.
This requires some expertise but is proven to be the safest way to act in the road,
even dough the vast majority of cyclist don’t respond to this profile. Passive riders
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pretend to ride defensively and just to pretend to go unnoticed by most other road users.

A third distinction can be made between recreational and utility riders. The recre-
ational ride for fun in various modalities, whereas utility cyclists use bicycles for
commuting or any other daily trip. There is no such ID that identifies cyclists (besides
federation cards in professional sports), and they can practise one or more disciplines
(Wessel and Widener 2015). Amongst the recreational ones, we can group them based
on the modality they practise, which will be defined primarily by the terrain: Road
racers will often prefer a paved road, mountain bikers will opt for tracks and sinuous
paths, gravel riders will mainly ride through gravel roads, and track racers will tend to
stay in their oval. Additionally, one may include extreme disciplines such as BMX (in
dirt tracks, skateparks or urban spots) or downhill (in rough terrain featuring jumps,
drops, rock gardens and other obstacles).

Hesitant recreational riders may only want trails, and many may be interested in
knowing where they can park a car in a nearby area. New cyclists may want to avoid
hills, while the ’Strong and Fearless’ may seek them for fun or exercise. Utility cyclists
will regularly need to access retail districts, their job or study places, regardless of the
surfaces (Wessel and Widener 2015).

All cyclists must be considered, since when more bicycles of any kind use a street,
the street becomes safer and more comfortable for other cyclists, as cycling is socially
normalised (Brüde and Larsson 1993). Saying that, the group of major interest for the
city councils should be the utility cyclists, as they have the potential to replace car trips
in a daily basis. It would be pertinent to have specific maps for each type of cyclists, but
in terms of practicality and resource management, local corporations should ensure
that there are enough people in each category or bicycle infrastructure to create such
maps. This case is now reduced, so bike maps should try to speak to as broad and
diverse an audience as possible (Wessel and Widener 2015).

2.4 Cyclists needs

As previously mentioned, there are almost as many types of riding a bicycle as cyclists,
but there are some general rules that cyclists tend to take into account when planning
their route:

Bicycle specific lanes
The first one is what Wessel and Widener 2015 calls ’friction’: The fear that cyclists
experience when cars or trucks approach from behind before overtaking them. The
main reasons for this are: the velocity, the weight and the protection differences existing
between the two vehicles involved in the overtake. Another variable in the equation
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is the distance between the bicycle and the overtaking car, with an inverse correlation
between distance and fear, and this can be remedied with the introduction of physical
separation between the bike lanes and the conventional road lanes. Tolerance can vary
between cyclists, but is a major concern among them. Bike lanes are the kind of street
that can provide a mental and safety break from other traffic on the streets. It can be of
help on reducing the friction.

Most studies suggest a positive relationship between bike networks or aspects of
the network and cycling levels. They indicate a preference for separate paths and/or
lanes over cycling on roadways with motorized traffic, especially in areas with high
volumes of fast-moving vehicles (Caulfield, Brick, and McCarthy 2012, Buehler and
Pucher 2012a, Barnes, Thompson, and Krizek 2006). Among bicycle facilities, cyclists
and non-cyclists seem to prefer physically separated bike paths or cycle tracks to bike
lanes or wide shoulders on roadways. When riding on roadways with motorized traffic,
cyclists seem to prefer traffic-calmed residential neighborhood streets, lower car traffic
volumes, slower car traffic speeds, and roadways without car parking. It must be said
that some experienced cyclists have expressed a preference for cycling in open vehicular
traffic. Studies reveal that intersections have an adverse impact on the overall cycling
experience, but that it can be offset by having bicycle-specific traffic control devices at
intersections, such as bike boxes, bike traffic signals, and bike signal activation. The
current body of empirical research on networks is limited, underscoring the importance
of evaluating networks in their entirety, rather than merely examining individual link
attributes (Buehler and Dill 2015).

Bicycle parking
The bikes remain parked for about 23 h per day, and typically do so in the residential
location most of the time. This residence is either the origin or end of big part of the
trips, including both utilitarian and recreational. Parking at home involves parking for
a long duration and often multiple bicycles are parked in each household (Heinen and
Buehler 2019). For those living in dense complexes, parking becomes a serious issue
(Office of Research and Technology 2016). Another frequent location to park is at a
work or study place, being often used in combination with public transport. Parking
at bus stops and train stations ranges from short term parking to parking for multiple
days, whereas at workplace it frequently spans to not longer than half a day. Finally,
parking may take place at any other location, with high variability in duration and
purpose.

Bicycle repair
Bicycle riders have a requirement for maintenance and repair services, which can be
obtained through various means. Occasionally, minor repairs such as inflating tyres,
replacing flat tyres, and adjusting brakes or gears may be necessary, but more important
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reparations such as components substitution bay be taken into account (Kraut, Fussell,
and Siegel 2001).

The effect of elevation
Cyclists experience hills more acutely than motorized vehicles, and even more so than
pedestrians, as they carry heavier equipment. Even small percentage grades come into
play directly in cyclists’ speed. The uphill streets become directly more dangerous for
cyclists as the speed difference between them and other vehicles increases, while the
opposite happens in the downhill sections (Wessel and Widener 2015).

Vulnerability to irregular pavements
The type of pavement is also a differential aspect for cycling. Bumpy roads are uncom-
fortable and asphalt gaps are much more dangerous for cyclists due to thin tyres and
instability compared to four-wheel vehicles. Other particularities must be taken into
account with surface, as gravel roads can get wet and full of puddles when it rains or
wooden paths can be slippery with cold and ice (Vallejo-Borda, Rosas-Satizábal, and
Rodriguez-Valencia 2020).

Road permeability
Cyclists have a unique ability to easily change mode and behave on the road. They can
either act as a vehicle when mounted on the bike, as a pedestrian when pulling it, or
as transit passengers when carrying it to buses or trains. In addition, one-way streets,
bollards and stairs become permeable compared to the strict restrictions they become
for other vehicles, as cyclists can switch modes and more easily adapt to these chang-
ing situations (Vallejo-Borda, Rosas-Satizábal, and Rodriguez-Valencia 2020). Cyclists
possess the capability to dismount their bicycles and either carry or walk them over
impediments such as stairs, in situations where the terrain is unsuitable for riding or
when it is not secure to do so, such as when crossing a busy road. This adaptability
enables cyclists to traverse a broader spectrum of environments and reach their desired
destinations, even if the route is not optimally suited for cycling. Importantly for our
research, this ability makes stairways, pedestrian walkways, or narrow roads perme-
able to bicycle traffic (Akar and Clifton 2009).

Intermodality
The knowledge of intermodal transport stations is fundamental to increase the effective-
ness of cycling. This integration enables cyclists to use different modes of transportation
depending on their needs and preferences, making cycling a more accessible and ap-
pealing option for everyday transportation (Taylor and Mahmassani 1996, Cheng and
Liu 2012). It is a flexible and efficient transportation system that can meet the diverse
needs of different users as cyclists can use public transportation to cover longer dis-
tances while using their bikes for shorter trips within urban areas. The provision of
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bike-friendly public transportation is mandatory, such as bike racks on buses and trains,
as well as secure bike storage facilities at public transportation hubs (Pan, Shen, and
Xue 2010).

Physical demand
Cycling is a form of physical activity that requires energy and resources from the body.
During extended rides, cyclists must replenish the fluids lost through sweating, and,
in even longer rides, replenish the energy consumed through food intake. Proper hy-
dration and nourishment are crucial for cyclists to maintain their physical performance
and avoid dehydration or fatigue. Additionally, adequate fuelling is essential for the
body to repair and recover after the ride. To ensure that they remain properly fueled
during their ride, it is crucial for cyclists to plan ahead and carry ample supplies, such as
water bottles, energy bars or gels, and small snacks. The idea of replenishing resources
through hydration and nutrition is equally essential for commuters, as inadequate
intake of fluids and nutrients can lead to discomfort and health problems, which may
have an adverse effect on their daily activities and obligations (Grego et al. 2005).

As an addition, physical stress associated with stopping and acceleration in cycling has
been widely recognised and documented Wessel and Widener 2015. This stress arises
from the strain and impact that stopping and accelerating has on a cyclist’s body and
can affect their comfort and safety. When a cyclist stops suddenly or frequently, they
have to absorb the force of motion and maintain balance, which causes stress on their
knees, hips, and back. Additionally, accelerating from a stop is physically demanding
as the cyclist has to generate enough force to reach their desired speed, placing stress
on their legs, particularly the quadriceps and calf muscles, and their cardiovascular
system as the body has to work harder to pump blood to the working muscles and
deliver oxygen and nutrients. To minimize this stress, it is recommended for cyclists to
gradually increase intensity and speed.

Stopping at traffic lights and stops can slow down cyclist progress and add time
to their journey, making it important for them to avoid these obstacles. This can result
in improved time efficiency, as cyclists can keep their momentum and save time. In
busy urban areas, stops can also be dangerous for cyclists, leading to an increased risk
of collisions. By avoiding these obstacles, cyclists can improve their safety and overall
cycling experience, making cycling smoother and more enjoyable. Such improvements
in the cycling experience can increase the appeal of cycling and encourage more people
to take up the activity, the ultimate objective of any cycling policy (Angeles Small 2020).

Pollution avoidance
It is common for some commuter cyclists to attempt to avoid more polluted streets, as
exposure to air pollution can have negative health impacts. Studies have shown that
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elevated levels of air pollution can lead to respiratory and cardiovascular problems, as
to well as an increased risk of premature death. For some commuter cyclists, avoiding
heavily polluted streets may involve planning alternate routes that expose them to
lower levels of air pollution, such as taking quieter, residential roads or using bike
paths or greenways. They can also take steps to reduce their own exposure to air
pollution, such as wearing a mask or using an air filtration system, and advocating for
policy changes to improve air quality in their communities (Dıaz-Fonseca, Rojas-Roa,
and Rodrıguez-Pulido 2020).

Favourable meteorologic conditions
Weather has a clear influence in the share of cyclists on the road, and there is evidence
that bad weather conditions are a major concern for cyclists. An et al. 2019 state that in
the absence of strong winds, humidity and precipitation, people cycle more, and that
rainy, humid, windy and especially snowy weather leads to fewer cycling trips, with
an impact comparable to the absence of bicycle paths or a hilly topography.
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2.5 Cycling infrastructure

Road infrastructure
Bicycle lanes have the capacity to attract cyclists, improve amenity for all city residents,
and reduce bicycle crashes. Bicycle lane types which provide greater separation be-
tween cyclists and vehicular traffic are associated with greatest benefits, especially on
larger, faster, narrower roads (Morrison et al. 2019). According to Kondo et al. 2018,
bicycle lanes reduced the odds of crash by 48% on streets with 4-exit intersections, by
40% on streets with 2-way stop intersections and by 43% on streets with high traffic
volume.

Shared lanes
People cycling share a lane with motor vehicles on a busy street; these lanes fill network
gaps but are not comfortable for most (Vancouver 2022). Ideally, this kind of road only
takes place with speed limit restrictions, which is commonly placed at 30 km/h. People
cycling share the roadway with motor vehicles on a relatively quiet neighbourhood
street (Vancouver 2022).

Bike lanes without physical separation
In this kind of bicycle roads people cycling have a dedicated painted lane, typically
between the curb or parking lane and a driving lane (Vancouver 2022). The most
comfortable lanes in this sense are the "buffered bike lanes" (Denver 2019), as they
feature some space separation between motorised vehicles and bicycle lanes. This kind
of bicycle lanes is not associated with reduced crashes anywhere, except along bus
routes and tram stops, where other lane types were similarly effective (Morrison et al.
2019).

Segregated bike lanes
In segregated, or protected bike lanes, cyclists are protected from motor vehicles by
physical barriers such as planters, kerbs, or bollards (Vancouver 2022). Exclusive bicycle
lanes were associated with reduced crash chances for all characteristics of the inter-
section and characteristics of the street segment. They generally provide the greatest
physical separation between bicycles and vehicular traffic (and kerbside bicycle lanes
provide the least separation). Greater separation will increase the passing distance for
motor vehicles and may improve the visibility of cyclists and motorists (Morrison et al.
2019).

Pedestrian roads
Pedestrian roads are designed to prioritize pedestrian safety and comfort, offering
ample space for walking and excluding the use of motorized vehicles. These roads are
typically located in densely populated areas where pedestrian traffic is heavy, and they
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serve as a crucial mode of transportation for individuals traveling on foot (Akar and
Clifton 2009).

The relationship between cyclists and pedestrian roads can vary depending on lo-
cal regulations. In some instances, cyclists are permitted to use pedestrian roads and
share the space with pedestrians, providing a safe and accessible route, particularly
in densely populated areas with high levels of traffic. In contrast, cyclists may be
prohibited from using pedestrian roads and instead must use designated bike lanes or
motorised vehicle roads. This approach aims to address concerns about cyclist speed,
safety, and the comfort of pedestrians (Buehler and Pucher 2012a).

Tracks
Gravel tracks are paths or roads made of loose stones, rocks, or gravel. They are often
used in rural or wilderness areas, providing access to remote locations. Due to the
loose surface, gravel trails can be more challenging to travel on than paved roads, and
the size and type of gravel can affect the stability and bikeability of the trail (Buehler
and Pucher 2012a).

These provide a scenic alternative route for cyclists, especially in rural areas, were
they offer a peaceful and enjoyable journey. However, tracks can also be challenging,
with rough terrain can be hard on bikes and equipment, with lack of maintenance and
capacity to slow down the journey.(Buehler and Dill 2015).

Wide sidewalks shared with pedestrians
Wide sidewalks shared with pedestrians refer to sidewalks that have ample space
for pedestrians and cyclists to use simultaneously. These sidewalks are designed to
accommodate the needs of both groups and the extra width provides sufficient space
for cyclists to ride alongside pedestrians. Cycling on sidewalks can sometimes lead to
conflicts and problems between cyclists and pedestrians, especially if cyclists circulate
at high speeds or weave in and out of foot traffic. Cyclists, on the other hand, may
see sidewalks as a safer alternative to cycling on busy roads, but may not always be
aware of the potential hazards posed to pedestrians, such as collisions or the annoyance
caused by their presence. Moreover, wide sidewalks shared with pedestrians may also
not always be designed with the needs of cyclists in mind, such as having sufficient
space to accommodate both cyclists and pedestrians (Aultman-Hall and Adams Jr 1998).

2.5.1 Parking infrastructure

Providing secure bicycle parking is a key ingredient in efforts to encourage bicycling at
the local level (Pucher and Buehler 2006), despite it has traditionally received limited
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attention compared to bike lanes(Heinen and Buehler 2019). Usually, bicycles are
parked at residential areas for the majority of the time. These locations serve as the
origin or end point for a significant portion of trips, including both utilitarian and
recreational purposes. Compared to other locations, parking at home involves parking
for a long duration (often multiple days or even weeks and months), and often multiple
bicycles are parked in each household (Heinen and Buehler 2019). For those who live in
apartment complexes, college dormitories, or other high-density settings, the issue of
where to leave a bike while at home is also serious (Office of Research and Technology
2016). Many bicycle trips, specially when commuting, end somewhere other than the
bicyclist’s home, and as a result, the bicyclist must park their bicycle (Office of Research
and Technology 2016).

A second frequent location to park is at a work or study place. It is concentrated
during an 8 h workday and must accommodate multiple employees commuting by
bicycle. Bicycles are also often used in combination with public transport. Parking at
bus stops and train stations ranges from short term parking to parking for multiple days.
Parking at public transport stations may potentially be very crowded, with continuous
movement of bicycles being parked and collected throughout a day. Finally, parking
may be available in any other urban or rural location. This parking can be highly
variable in duration and could be either spatially concentrated or dispersed (Buehler
2012).

According to Heinen and Buehler 2019, people tend to park in convenient locations,
such as close to the entrances of public transport stations. Insufficient or inadequate
bicycle parking facilities can act as a deterrent to cycling, whereas high-quality and
plentiful bicycle parking facilities are positively associated with increased levels of
cycling (Office of Research and Technology 2016). This convenience includes easy
access to bicycles, as short distances between bicycle parking and actual trip origins or
destinations. Although providing secure bicycle parking is not the complete solution
to avoid theft, it can certainly help and can increase the comfort of bicycle riders who
leave their bikes unattended (Office of Research and Technology 2016).

An effective bicycle parking program should include the following basic strategies:
Install bicycle parking at public centers, residential, commercial, and business districts.
Install them also at transit stops and parking garages and upgrade them to high-security
models in construction sites, schools, and residential developments. In the private
field: Encourage private businesses to provide bicycle parking for their customers
and employees. Typically, the provision of bicycle parking at public facilities helps to
convince business owners of the need for bicycle parking in private development.

Pedestrian and (APBP) 2010 divides bicycle parking into short-term and long-term
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installations. These two kinds of parking serve different needs. If users are likely to be
parking for two hours or more, they are likely to value security and shelter above the
convenience and ease that should characterise short-term parking.

Bicycle racks
These are open-air devices to which a bicycle is locked and work well for short-term
parking. This kind of parking is expected to support the bicycle upright by its frame in
two places and enable both the frame and the wheels to be secured. It must take into
account different frame shapes (kids, urban, damenrad), allow the seat to be locked,
and, of course, resist being cut or detached using common hand tools (Pedestrian and
(APBP) 2010). State Highway and (AASHTO) 2012 add that they should not interfere
with pedestrian traffic, be easily accessed from the street and protected from motor
vehicles, have as few moving parts as possible, and be simple to operate. Obeying to
these specifications, wave, schoolyard, spiral, or wheel-well designs should be avoided,
both for being complex to use and, most importantly, for being unsafe.

Closed parking
Cyclists tend to park their bikes predominantly in higher quality (e.g., sheltered and
secure) bicycle parking over lower quality parking for long use, they are aware of its
impact on their personal security and safety from bicycle theft and vandalism (Heinen
and Buehler 2019). Long-term parking can take a variety of forms, including a room
within a residential building or workplace, a secure enclosure within a parking garage,
or a cluster of bike lockers at a transit center. Some long-term parking is open to the
public and some of it is on private property with access limited to defined user groups
(Pedestrian and (APBP) 2010). Office of Research and Technology 2016 identify two
typologies of his kind of parking:

Bicycle lockers: These are standalone enclosures designed to hold one bicycle per
unit and are a good choice at sites that require long-term parking for a variety of
potential users.
Bicycle lock-ups: These are secure enclosures built on site that hold one or more
bicycles and are often used for long-term parking for a limited number of regular and
reliable users.

2.5.2 Bike reparations

Basic repairs and tyre inflation can be performed at home with the help of others or
of online video tutorials and resources that provide step-by-step instructions. If the
user lacks the necessary equipment or if the issue arises while on the go, some cities
have installed tool posts to help resolve the problem. Additionally, some public parks
or bike trails have do-it-yourself repair stands, which provide basic tools and a repair
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stand for people to use.

Complex repairs can be handled in regular bike stores. Specialized bike shops of-
fer repair services for all types of bikes, from basic tune-ups to complex repairs. Some
sporting goods stores or car mechanics may provide basic bike repair services, such
as fixing a flat tyre or adjusting brakes. Another option for repairing bikes is "bike
kitchens", which are locally run organizations with the mission of democratizing tech-
nology. The idea behind these DIY repair workshops is to allow people to access and
learn reparation skills and materials. By using mostly second-hand materials and shar-
ing knowledge, the cost of the service is reduced or nonexistent (Bradley 2018). Some of
these bike cooperatives have been inspired by or absorbed by the public administration,
and in some cities, the bike kitchen concept is offered as a public service.

2.6 2D visualisation of linear features

The main goal of maps is to identify and document the location of real-world objects
as accurately as possible. They commonly assign real-world objects and phenomena to
abstract symbols for representing spatially referenced data (Boér et al. 2013). According
to Carter 2005, a map can intend to solve the following tasks:

• Self-location and location of objects or places of interest.

• Route planning and real-time navigation.

• Communication or information storage.

Bertin 1983 settled the basis for visual information communication, listing seven
basic variables. Those can be classified as planar, longitude and latitude, or retinal, size,
colour, value, colour hue, and orientation, being used for these commonly combined
variables.

2.6.1 Elevation representation

The elevation representation is a common challenge for all the modalities and a critical
aspect of the decision-making (Irvankoski, Torniainen, and Krause 2012). For routing
purposes is mostly shown in an elevation profile (Huffman 2009). This kind of figure
can provide additional information such as the terrain or the elevation gradient using
patterns or colours (Freeman and Morse 1967), but, as extracted from the map, it is
difficult to relate an exact point in the route with its elevation (Irvankoski, Torniainen,
and Krause 2012). Furthermore, is not a suitable representation for showing the
elevation of the whole study area and becomes useless in non-routing maps. In this
sense, some authors (Brügger, Fabrikant, and Çöltekin 2017) suggest the use of colours
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or segments along the roads and paths to symbolise a differential of elevation. These
different representations will be assessed and examined.

2.6.2 Naive Geography

The theory of naive geography refers to the common sense understanding of geography
that people have, which is often based on limited exposure to and experience with
different places and cultures. This limited understanding can result in stereotypes,
generalisations, and misunderstandings about different places and cultures (Egenhofer
and Mark 1995). Maps contribute to it by shaping people’s perceptions and under-
standing of different places and cultures. It is therefore important for cartographers to
consider the potential impact of their maps on people’s understanding of geography
and to strive for maps that are accurate, objective, and culturally sensitive.
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Maps review

3.1 Bicycle maps state of the art

Wessel and Widener 2015 identify ontology as the most significant challenge in creating
a bicycle map, and outline several key components of a bicycle map as being either ob-
jective or subjective in nature. They exemplify the objective category with the presence
of bollards, segregated bike lanes or painting in the street, actual features that one can
identify and transpose to a map. The subjective category is fizzier, with features such
as ’preferred routes’, ’comfortable streets’, or ’difficult locations’. The authors claim
for the lack of definition of those concepts in the maps, which can make them rather
subjective, and state that this amount of subjectivity is inversely proportional to the
quantity of bike infrastructure in the cities.

To tackle this issue, this research proposes a systematic review of a set of urban
maps for cycling purposes. As there is no such a database for urban maps, the maps
are retrieved using the queries [bike map], [cycle map], and [urban bicycle map] both
in the Google navigator bar and in Google Images, and in Catalan, Spanish, French and
English. Maps are selected only if they purpose is to display the entire urban cyclable
network (and not solely desired routes). There is a manifest intention of collecting
maps from all over the world, but language constraints make it impossible, as the maps
need to be findable and interpretable by the author of the work. The number of maps
included in the review is limited due to this stated constraints and the low availability
of such maps in the internet.

The final selection includes a variety of 25 maps cities from 12 different countries,
being the cities different in size, number of inhabitants and with different importance
given to cycling policies. In 22 of them, the city councils or metropolitan administra-
tions are the ones behind the maps, for two of them (Boulder and Pittsburgh) are Bike
Associations and the Cincinnaty map is a research work by Wessel and Widener 2015.
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Table 1: Sample maps from 25 cities

ID City (Country) Abbrebiation Year Scale

1 Baltimore (US) BTM 2010 1:35.000*
2 Barcelona (ES) BCN 2022 1:30.000*
3 Bolzano (IT) BLZ 2016 No scale
4 Boulder (US) BLD 2019 1:30.000*
5 Buenos Aires (ARG) BA ? 1:40.000*
6 Cincinnati (US) CNN 2014 1:28.000
7 Cork (IE) CRK 2022 Non geo.
8 Denver (US) DNV 2019 1:50.000*
9 Guadalajara (MX) GDL 2021 1:30.000*
10 Liège (BL) LGE ? 1:8.000
11 Lille (FR) LLE 2022 1:50.000*
12 Lyon (FR) LYN 2016 1:20.000*
13 Madrid (ES) MDD 2016 1:37.000
14 New York (US) NY 2022 1:50.000*
15 Paris (FR) PRS 2017 1:45.000*
16 Pittsburgh (US) PTB 2020 1:25.000*
17 Porland (US) PLD 2020 1:15.000*
18 Seattle (US) STL 2022 1:50.000*
19 Sidney (AUS) SDN 2022 1:14.000
20 Terrassa (ES) TRS 2019 1:15.000*
21 Toronto (CA) TOR 2022 1:40.000*
22 València (ES) VLC 2020 1:25.000*
23 Vancouver (CA) VNC 2022 1:35.000*
24 Vic (ES) VIC ? No scale
25 West Lausanne (CH) WLS ? 1:20.000*

1

3.2 Most common elements

3.2.1 Transportation

All of the maps that were reviewed are specifically designed for bicycles or, at a mini-
mum, include information relevant to cycling and walking. From our analysis, we have
identified two distinct perspectives in these maps, which can be classified as the road
perspective and the cyclist perspective.

The first perspective bases the given information on the characteristics of the road,
enabling decision-making based on the typology of the road. Considering this outlook,
information can be given regarding the relation between cycling and other purposes
lanes: shared lanes, bike lanes without physical separation, segregated lanes, pedes-
trian lanes, tracks, or even wide sidewalks shared with pedestrians. 24 of the maps
provide information that can be associated to this typology, being the Cincinnati map
the clearest example of a road perspective map as it provides precise information on
the number of lanes per direction and the maximum speed or displays the bike lanes
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https://transportation.baltimorecity.gov/sites/default/files/Bike%20Baltimore%20Map.pdf
https://ajuntament.barcelona.cat/bicicleta/sites/default/files/Mapa_Carrils_Bici.pdf
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https://bouldercolorado.gov/media/69/download?inline=
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https://cincymap.org/cbm/
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https://www.nyc.gov/html/dot/downloads/pdf/nyc-bike-map-2022.pdf
https://www.francevelotourisme.com/sites/default/files/files/plan-pistes-cyclables-paris.pdf
https://bikepgh.org/wp-content/uploads/2020/12/Bike-Map-Version-8-Final.pdf
https://www.portland.gov/transportation/walking-biking-transit-safety/documents/southeast-portland-bike-walk-map-western/download
https://www.seattle.gov/documents/Departments/SDOT/BikeProgram/2022_BikeMap_BrochurePRINT.pdf
https://www.cityofsydney.nsw.gov.au/lists-maps-inventories/sydney-cycling-map
https://www.terrassa.cat/documents/12006/11685637/Planol_guia_bici_maig_2019.pdf/e83d8d34-996d-444e-9cf4-932b9a484823
https://www.toronto.ca/wp-content/uploads/2022/07/8e18-Toronto-Cycling-Map-2022-digital-SECURED.pdf
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on the side of the road.

The second perspective focuses on the user and provides information on the suitability
of the roads for being cycled, and can provide information such as recommended routes
(Baltimore), dangerous zones, traffic intensity (Lausanne), streets most frequented by
cyclists (Madrid) or even places where one must dismount from the bike. The main
example for this map category is the West Lausanne map, which rejects all information
from the road perspective and focuses on the cyclist.

The most common representation for them is a neutral and light colour, usually white
or grey. There are representations where we can see the streets represented as areas, or
the free space between building patches. In others, the streets are represented as lines,
varying in width.

Figure 2: Presence of transportation features in the reviewed maps.

Bike lanes
Bike lanes are represented in all the maps except for Lausanne, with different levels of
detail on their characteristics, being at some maps just marked as bike lanes (Baltimore,
Lyon) or segregated onto more detail in some others (Denver, Pittsburgh). Their rep-
resentation is mostly in red (24%), blue or green (20%), with no major predominance.
The most common distinctions are the following:

Segregated bike lanes
Segregated, or protected, bike lanes are represented with distinct artefacts in the 60%
of the maps and can be found in the maps of Denver, Liège o New York, for example.
The most common representations for them is green (3) and no other color is used more
than twice.

Shared lanes
Shared lanes between cars and bicycles are represented in all of the maps, even though
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the methods for this representation can vary. All of them represent conventional streets,
of either one or two ways. The most common representation is hierarchy of two levels
(Denver, Madrid, Sidney), where fundamental arteries are given a thicker symbology
than other streets. Further distinctions can be made, like in the case of Barcelona or
Madrid, where streets with a maximum speed limit of 30 km/h are symbolised. In the
case of Denver, streets with a lane explicitly shared are also marked. White is the colour
used in 17 of the representations, and the second most used is grey (4). The following
figure (3) shows the legend of the Cincinnati map by Wessel and Widener 2015, the most
complex one amongst the reviewed. It can be appreciated the use of the road colours
for displaying the max velocity of the road and the used of thickness to display the
number of lanes per direction. Other relevant features will be described in next sections.

Figure 3: Legend of the Cincinnati Bike Map.

Other bikeable ways
Shared sidewalks are included in 4 of the maps, being a more common feature in
the US than in other places, and Denver is an example of city map displaying shared
sidewalks. Trails are common in the most of the maps, being represented in a 64% of
them, as their wide recreational use boosts their presence, and in some maps such as
in Boulder, it is specified weather if they are cyclable or not.

Pedestrian streets
Pedestrian streets are represented in 9 of the reviewed maps. The case of Barcelona is
particular as in the map there are represented two different typologies of this streets.
In streets with priority for pedestrians, motorised vehicles are allowed to circulate with
a top speed limit of 10 kilometers per hour; and in more restrictive streets, motorised
vehicles are forbidden. In Toronto, the pedestrian ways with permission to bicycles to
circulate are given a unique symbology. And lastly, regarding symbology, the range of
used colours is wide, being green the most used one (3).
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Stairways
Regarding stairs, they are recorded in 4 of the maps, using different symbologies. In
two of them, Cincinnati and Portland, they are represented as linear features following
the path, whereas in Seattle and Sydney they are given a marker point, evoking to
danger or to stairs directly, respectively.

Motorways
The representation of motorways is a fact in the 64% of the maps, with different styles
being used. Some maps as the Lausanne or the Cincinnati use dark colours that state
the impossibility to ride through them with a bicycle. Others limit the differentiation
to an increase of the line width, keeping the same symbolisation.

3.2.2 Bicycle specific features

Hydration and feeding
An important feature for cyclists is nutrition and hydration. This relates basically
to grocery shops, bars and restaurants, and public water sources. These items are
forgotten in the vast majority of the reviewed maps, being Cincinnati and Portland the
only ones displaying water sources, and tone of the few doing so for grocery stores.

Bike repair
This items are spreading all over the cities but, as we have been able to prove, not
over the maps, only being displayed in 5 of them. In two of them, the symbology only
relates to public pumps. More concurrent are bike shops and mechanic workshops,
with 10 appearances, amongst which can be highlighted the map of Guadalajara, that
is directly called "Cycling and bike-friendly businesses map" and displays a highly
detailed specific legend with the name, directions and services offered by each of them.

Parking and public bike system
Parking spaces are displayed in jut 6 of the 25 reviewed maps. Generally not all the
parkings are shown, but the covered and sheltered ones (as in the case of Paris with
the consigne-vélo). Regarding the public bike systems, they are displayed in 11 of the
maps. Some of the maps, such as the New York one don’t display the features but have
a specific map for the bike service. Commonly, the marker used for the bike docks is
the logotype of the system itself, but it can differ as in the case of Guadalajara that
has a green circle or the case of Buenos Aires that identifies all of them with a unique ID.

Inter-modal transportation
There is a big tendency of displaying public transportation information, with bus, metro,
tramway and/or train stations being displayed in most of the maps. Rail stations are
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the most commonly used, in 19 of the maps, and bus stops the least, mainly for the
quantity of features that they imply.

Designed bike routes
Local bike routes are displayed in 4 of the maps, whereas regional or international ones
appear in 5 of them. Commonly, different markers are used for them, as local routes are
displayed in urban maps at their optimal scale and thus they use the detail provided
by linear features on the roads. This is exemplified in the Bolzano map, with over 8
routes leading to remarkable landmarks and crossing the city through different axis.
The map of Paris displays 3 regional routes, with the use of their logotype as markers,
as is common for all the representations of this kind.

3.2.3 Natural

Elevation
Elevation is represented in 8 out of the 25 maps, with the use of three distinct rep-
resentations. One is the use of an arrow marker in the streets’ sections with highest
slopes (Lausanne, Seattle). For this purpose, two or three different icons are commonly
used, ranging from the flattest (one arrow) to the steepest (three arrows). It is a simple
and readable representation that clearly shows the direction of the slope. A drawback
for this representation is that it is not showing the start and end of steep areas, being
impossible to determine the steep sections’ extension. It is a relative measure that not
even provides the exact elevation differential, but can provide on the map legend the
correspondence between slope, in degrees, and the deployed icons.

The Lyon map shows elevation using a succession of dots on roads with higher slopes.
This is a positive measure, as it is more concrete with regard to the start and end of
the steep areas. The main problem related to this item, in the context of the Lyon
example, is that it does not show the direction of the elevation increase, making the
representation totally useless.

The Cincinnati map is the only one that shows contour lines to represent elevation,
and not only this, but also dedicates the entire background to this aspect 4(b). In this
case, the elevation is relative to the altitude over the Ohio River, which makes sense,
since it is the lowest point of the city and flows through it. The addition of colour
increases its readability, as it is very easy to understand whether the elevation change
is given up or downhill. Although it is a very innovative and visually effective way to
represent elevation, the start and end points of the hills are again not precisely indicated.

Additionally, the western Lausanne map introduces absolute elevation representa-
tion 4(a): besides the use of arrow markers for steep slopes, uses dots in certain

27



CHAPTER 3. MAPS REVIEW

intersections for indicating altitude over the sea level. Despite being a measure that is
not very visual it is interesting the fact that it gives the user an absolute reference.

(a) Marker arrows and elevation points. (b) Equal height colorful representation.

Figure 4: Elevation representations for Lausanne (left) and Cincinnati (right).

Background and land cover
Information about land covers on most maps is reduced to the shape of buildings, used
in the vast majority as as base layer and some other basic features. This include in
the most of them the representation of Urban green and Water bodies. Other features
included are woods (Cincinnati). Regarding the background, on most of the maps it is
flat, but the Lausanne one features a hillshade gradient.

3.2.4 Other items or representations

Scale and referencing
One fundamental feature in maps is the scale. In most cases, it is shown graphically,
and only two of the maps also feature a numeric scale (Liège and Sidney), and one
other, Cincinnati, does it in an associated paper (Wessel and Widener 2015). Some of
the maps include as a reference the estimated time associated to each of the boxes in
the graphical scale (0.5 or 1km), usually in bicycle, but in some cases also by walking.

An interesting feature on the western Lausanne map is a 0.5 km grid that covers
the entire map, providing help when trying to determine distances. Despite being
helpful to estimate these distances, never will provide exact information as the streets
are not orthogonal shaped. It can even be noisy as this lines are an addition to a map
that mainly contains streets. The Portland map provides not a grid but a marked frame,
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serving as a reference but with the strange size of 3/8 miles per segment.

The most distinct in this sense is the map of Cork, that is not exactly a map but a
schematic map. Schematic maps are a type of diagrammatic map that use simplified
graphics and symbols to represent information, rather than accurately depicting ge-
ographical locations or physical features, as it happens commonly with metro and
railway lines maps.

Figure 5: Cork schematic map.

Recommended and discouraged routes
As explained previously, there is cycle oriented information in the reviewed maps that
refers to the bikeability of different places. This references are not descriptive of the
infrastructure typology and can be given either positively or negatively:

Features that encourage the use of certain roads are displayed in maps such as the
Madrid one, where "Recommended streets" are displayed, or in the Lausanne one,
where this recommendation also takes into account whether if the roads are one or two
way.

Features that discourage the use of certain roads can be really restrictive, as is the
case of the Portland map. It includes what they call "Difficult connections", which
are defined as areas with higher speeds and/or volumes, combined with narrow lane
widths or other problems for cyclists. This map also features a red circle marker for "dif-
ficult intersections". Other moderated means of discouraging cycling through certain
roads are what they call "Shared Roadway with Wider Outside Lane on moderate and
higher traffic street". The Lausanne map has a legend entry that describes important
automobile traffic.
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Touristic information
Some of the maps include touristic information on museums, swimming pools, camp-
ing sites or tourist offices (Lausanne), community gardens and heritage trees (Portland),
or landmarks (Paris). This information is useful for people who uses bikes as a mean
of transportation in their leisure time.

Land use
Some maps feature information about land uses, such as the Cincinnati map, displaying
different representations for Retail, Universities and Industry, and in this case they
are represented by coloured area. Others maps use markers for this purpose and in
the case of Portland, grocery stores, libraries, post offices and swimming pools are
represented.

Medical information
Some of the maps include the location of hospitals and health centres (Cork, Portland,
Lausanne). We can assume that this information is provided on regards of the assump-
tion of cycling as a sportive activity, not a mean for commuting.

Style
Image and visualisation features are key in visual communication in general and espe-
cially in cartography. Most of the maps are visually engaging, as the ones in Denver,
Seattle, Portland or Madrid, with attracting color palettes, trending topographies and
clean features. It is worth mentioning the legend of the Cincinnati map (figure 3).
On the other side, others, such València which appear to be a work in progress or an
internal administrative document, Baltimore that was created in 2010 and the styling
is clearly outdated, and Vic that denote a lack of resources and an infantilizing style,
demonstrate the challenges faced in creating effective and accessible maps.

Developing
Some of the maps, such as the València, Guadalajara or Barcelona ones, display pro-
jected bike lanes, even giving them up to four different colours depending on the
typology of the lane and on the administration that is expected to develop them in the
case of València. This feature is helpful for the bicycle maps function of supporting
and disseminating the cycling infrastructure but is arguably distracting for the general
public in terms of decision making.

Sectioned maps
Portland has the peculiarity to be divided in 5 different maps for the different city zones,
a risk assumed by the local government in order to reduce the scale and enhance the
map quality and number of represented features. It has the drawback that routes that
users may intend to make can be splitted in different maps.
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Guidelines for cycling in the city
Some of the maps, specially the ones that are meant to be distributed in paper format,
provide information on circulation in the city and other insights. The most common
features are parking and locking (Lausanne, Madrid), safety tips (Seattle, Madrid),
indications for a correct use of the cycling infrastructure (Seattle, Portland), cycling
laws (Seattle) or intermodality (Madrid).

Other information is given regarding transportation of materials and children (Lau-
sanne), explanation of the benefits for health of cycling (Lausanne), local bike routes
(Bolzano) or myths and excuse around cycling (Madrid).
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4

Methodology

After the data collection in the form of a literature review and an analysis of the urban
cycle maps state of the art, the work focuses on the resolution of the research questions.
To resolve the first one (which geographical features, points of interest, and items, either
bike-orientated or not, should the map contain to fulfil the different cyclists needs?), an initial
draft of the standards for urban cycle maps is designed as follows:

4.1 First standardisation

Following the preliminary theoretical investigations, the next phase involves the cre-
ation of an initial design for the standards used in web-based bicycle maps. These
standards come as a result of previous work on both cartographic features and cog-
nition. They represent the most featured items in the reviewed maps and the items
considered mandatory after the literature review. The final selection is justified in
the next chapter (5), and its direct outputs are found in the next figure 18, a tentative
map legend. This design over a legend has the mission to resolved the third research
question: Which is the most intelligible and comprehensive style for visualizing these 2D maps?

The drafts are displayed over Open Street Maps data for the city of Lyon, France,
being the data retrieved on December 2022. This map serves as a working example of
the standards, and is the tool used to evaluate the efficacy of said standards.

4.2 Standards evaluation

At this point,the raised scenario is a user consult based on an urban bike map that
has the mission to evaluate its suitability for bike route planning. The main purpose
of the questionnaire is to evaluate the degree of comprehension of the first standards,
through the creation of a map that is elaborated according to the same draft standards.
Below we detail the evaluation methods, where we assess the participants’ preferences
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and performance when solving tasks with bicycle maps. Our experiment, following
Brügger, Fabrikant, and Çöltekin 2017 includes three different kinds of answers:

• Marker task: Different pointers are shown in the map and, or only one represents
the defined item or the represented item must be identified.

• Path selection: Different routes are shown; one is the most correct.

• Route plotting: A map is displayed, and a route must be drawn over it.

The web form asks six different questions, including the evaluation of: markers
and symbology, elevation representation, route planning, and global understanding of
the map. The selection of this tasks is owed to their frequent use in map consults and
bicycle route planning. The questionnaire is splitted in two sections from the point of
view of the authors: the first 4 questions refer to single features and their purpose is to
asses the degree of comprehension of this features; and the second set of questions, 5.1
and 5.2, corresponds to route plotting, and its object is to put the interviewees in a real
routing situation. The full form with its questions is available at annex 1. The different
questions are based on the urban context of Lyon, France, with self produced maps.
No time limit has been introduced to avoid stress, but the time has been collected and
taken into account. The questionnaire is distributed through social networks (Email,
Telegram and WhatsApp) and responded remotely with no display specifications. As
a urban bike map will have an heterogeneous audience, we intend to reach a diverse
group of respondents. We know that differences in gender, in cultural background
and in spatial ability are proven to interact with the efficiency of route selection in
map displays Montello et al. 1999.The respondents are an homogeneous group of 130
people mixed in gender, age, and levels and relation to GIS, cartography and cycling.
The two sections are structured as follows:

4.2.1 Single Feature Questions

Best Route Selection
In this first question, the respondents demonstrate their ability to understand the basics
of the given map: bicycle lanes, addressing a problem of path selection. They are asked
to choose the best route to travel from point A to point B among two options, "green"
and "purple", which are displayed on the map. The two routes are indicated with
marker lines filled with dots of the corresponding colour. Both routes have comparable
distances, share the first few metres, and the only differences between them are the
number of metres that can be travelled through a bike path. The green route takes place
entirely on bicycle lanes, while the purple route has no bike lane after it diverges from
the green route, making it clear that the optimal option for any bicycle rider would be
to cover the distance following the green route.
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Map symbols: Parking and intermodal transportation
he second question is marker-based and offers four possible answers, displayed on a
map and labeled A to D. The participants are given the following scenario: "You will be
traveling to another city by train and you want to park your bicycle in a sheltered spot.
Select the marker with the best place to park your bike." The aim of this question is to
verify the user’s comprehension of the different symbology used for bicycle parking,
to assess their ability to understand the markers in their context, and to identify the
nearest facilities (train station). The four options are described as follows:

A Marker is placed over a P sign, described as Bicycle Parking in the legend, which
is located close to a train station. However, this answer is incorrect as the bike
parking highlighted is not sheltered.

B Marker is placed over a P sign again, but this time next to a bike shop and a bus
stop. This answer is also incorrect as the bike parking is not sheltered and there
is no train station nearby on the map.

C Marker is placed over a P over a black circle sign, described as Covered Bicycle
Parking in the legend. In this case, the highlighted marker is located close to a
train station and is therefore the correct option.

D Marker displays a Covered Bicycle parking (P over a black circle). However, this
option is incorrect as there are no train stations nearby.

Interpretation of Map Symbols
This question is marker-based. The respondents are asked to determine the meaning
of four marked representations on the map, without being provided a legend. The
question is structured as four short, open-ended responses. The A marker represents
an auto repair spot, indicated by a black tool over a white circle; the B marker represents
a bus stop, indicated by a bus symbol over a white circle; the C marker represents an
intersection regulated by traffic lights, indicated by a traffic light symbol with its three
coloured round lights over a black rectangle; and finally, the D marker represents a
public drinking fountain, indicated by a graphical representation of a bubbler with no
background.

The correction guidelines for these open-ended questions are as follows: Each of
the markers has associated keywords that must be provided, or at least a clearly com-
parable synonymous word, in order to obtain full credit. If more than one keyword is
required, but only one is provided, the question will be awarded 50% of its value. If the
given answer is too broad or does not accurately depict the expected information, the
same 50% credit will be given. In the event of out-of-topic or blank answers, no points
will be awarded. Typographic or orthographic errors and any other styling issues will
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be ignored as long as the answer is understood by the evaluator. The keywords for the
different markers are:

A "Repair point" OR "Tool"

B "Bus station"

C "Intersection" AND "Traffic light"

D "Public water fountain"

Elevation assessment
This assessment is fundamental as it supports the second research question: What is
the elevation representation in 2D maps that helps the user more efficiently choose their desired
route? In this exercise, the focus is on the interpretation of map symbols related to
elevation. The task is divided into two questions, with the first aimed at determining
whether the respondents have the ability to identify symbols that represent elevation,
and the second assessing their ability to differentiate between different levels of eleva-
tion based on the steepness of the slope. The routes are highlighted with low opacity
within a certain buffer area surrounding the route. In order to avoid direct associations
with changes in elevation, none of the options have a straight South-North direction,
as suggested by Brügger, Fabrikant, and Çöltekin 2017.

The first exercise presents four markers and three possible routes between them. The
respondents are asked to identify the route that involves the least number of metres of
roads with positive slope, regardless of its steepness. The three options are as follows:
From A to B, from B to D, and from C to D, with an additional option of "I am not sure
/ I don’t know". The option that has the least number of meters of roads with slope
marks is the second, from B to D.

The second exercise in this section is designed to assess the respondents’ ability to
identify steep sections within the highlighted routes. The format is similar to the first
exercise, in which three route options are presented, and respondents are asked to
select the route that features the steepest slopes. Accordingly, an option of "I’m not
sure / I don’t know" is also provided. In this case, the possible routes are: From A to B,
From C to D and From D to E.

4.2.2 Route Plotting Questions

In the two exercises contained in this section, the participants are asked to draw their
optimal route using their devices, aided by two buttons in the interface: a pen and
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an eraser. The only information provided is a map on which the two markers are dis-
played, along with a corresponding legend. The evaluation criteria for each question
are established to determine whether the drawn routes are suitable or not for bicycle
riding and, among the cyclable routes, if they are optimal.

First exercise
In the first exercise of this section, the respondents are tasked with identifying and
selecting the optimal route for cycling between two points, A and B. The aim of this
exercise is to evaluate the respondents’ ability to understand and navigate a given
map, specifically in terms of identifying and selecting the optimal route for cycling.
This first exercise is intended to be more easily solvable than the second one, and it
does not introduce elevation as a factor. The legend of the map only displays street
typologies and intersections with traffic lights. The criteria for evaluating this answer
will be primarily based on (1) the use of bicycle lanes, preferably segregated, (2) the
avoidance of as many intersections with traffic lights and stairways as possible, and (3)
the plotting of the shortest possible route.

Second exercise
The 5.2 exercise is the last and most complex one. It asks the respondents to trace a route
that covers a larger distance compared to the previous exercises, with more decisions
to make and including an elevation change. The aim remains the same, which is to
evaluate the respondents’ ability to understand and navigate the given map, with the
addition in this case of the elevation problem solution. The B point (final destination)
is placed at a higher elevation than the A point (starting point). As the route is longer,
the potential time lost at intersections with traffic lights increases, and the number of
metres added due to poor decision making can be counted in hundreds. The criteria
used for the evaluation in the first exercise remain the same, with the addition of
elevation measurement (both in distance planned on streets with elevation markers
and in severity of the elevation), and the use of stairs is also introduced as a penalty.

4.2.3 Route Plotting Processing and Analysis

The processing and analysis of the route plotting answers will involve the digitization
of the responses using QGIS software, with reference to the provided basemap. A linear
Shapefile will be created, and each route will be assigned a unique ID. In the cases
where more than one user has drawn the same route, the same ID will be used. The
total distance of the route on different road typologies will be recorded using a 2-meter
buffer generated from the OSM street data set to avoid inaccuracies. An intersection
operation will be performed between this buffer dataset, the street properties, and the
user-generated routes. The same will be done for intersections regulated by traffic lights
and, in the second exercise, for elevation levels. The total distance of the route will
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be recorded using the geometry properties of the route dataset in the field calculator
environment. Two of the assessed characteristics are direction sensitive: the one-way
bicycle lanes (either segregated or painted) and the elevation. As the volume of the
data set is reduced and the time costs of automating this process are high, we will
opt for a visual inspection of the cases in QGIS. The drawn routes will be placed over
the basemap using a marker symbol arrow-shaped, in order to show the direction.
In this way, the cases that gain elevation or that circulate through bike lanes will be
computed positively, the one-way bicycle lanes that cannot be used in this direction will
be counted as regular streets and nothing will be done with the roads with negative
slope.

Figure 6: Visual verification of the correct use of one way bicycle ways.

The resulting data set will be cleaned to eliminate small features that may be
generated as a result of the overlap of features at intersections. The distance covered on
different surfaces and elevation levels will be recorded using Excel for data processing.
A table will be generated that includes the distance and percentage of each road
typology, as well as the number of intersections regulated by traffic lights crossed. The
different road typologies will be assigned different scores on a scale, with the more
desirable options for bicycle users receiving higher scores.

1. Cycleway, 2 way segregated bicycle lanes and one way segregated bicycle lanes
(when they are used in the proper direction).

2. 2 way bicycle lanes and one way bicycle lanes (when they are used in the proper
direction).

3. Pedestrian roads, roads with velocity limited to 30 km/h and one way bicycle
lanes used in the wrong direction.

4. Regular traffic streets.
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5. Stairways

6. Barrier, building or non-existent street

Following this step, a cluster analysis will be conducted, using the evaluation crite-
ria specified for each exercise. The routes will be grouped, and a decision will be made
on whether they can be considered a good solution (awarding 100% of the punctuation),
if they are plausible options but with deficiencies (awarding 50% of the punctuation),
or if they are not reasonable routes, have severe weaknesses, or are not possible to
ride by bicycle, being given no points in return. After this, each punctuation will be
returned from the cluster to the individual routes and then back to the users via the
unique IDs.

4.2.4 Full Questionnaire Processing and Analysis

The sample size for this study consist of 120 valid responses, collected between January
6th and 11th, 2023. Of the respondents, 67 identify themselfs as male and 54 as female
(55.4% and 44.6%, respectively). The mean age of the sample is 46.9 years, with a
median of 51 years, a standard deviation of 16.7, and ranging from 18 to 78 years old.
In terms of their relationship to cycling, the sample is diverse: 30 respondents state
that they ride their bicycle more than three times a week, 25 at least once a week, 13 at
least once a month, and 13 at least once a year. 39 respondents state they do not ride a
bicycle at all. When asked about their relationship to cartography, GIS, or cycling, 87
respondents (71.9%) state they had no professional relationship to the field.

To evaluate the responses, a binary classification system will be applied as outlined in
the previous section. The resulting values will be then analysed and cross-referenced
with demographic information, including gender, age, frequency of bicycle use, and
expertise in GIS. The values will be further reviewed, disaggregated by each demo-
graphic variable and cross-referenced with all relevant intersections in order to identify
any potential skewing on the results.

Additionally, an aggregate analysis will be conducted to examine relationships be-
tween accuracy levels across the various questions, particularly in relation to identifying
potential conditions that may interfere with decision-making during route planning.

4.3 Final standardisation

In the final step, a comprehensive review of the standards will be conducted. The
features that received minimal attention or resulted in a high number of errors in the
questionnaire will be re-evaluated. The open-ended questions in the conclusion of the
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questionnaire will be also valuable inputs for refining potential changes to the standards.
The systematic compilation of maps will be revisited in order to identify ways to more
effectively display the features that were initially discarded. The culmination of this
work will the presentation of a definitive set of standards for the creation of urban
bicycle maps, accompanied by a representative visual representation. The drawing of
conclusions and the identification of limitations will constitute the final stages of this
research.

Figure 7: Workflow of the methodology.
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Draft standards

5.1 Background and Natural

Elevation
The representation of elevation in bicycle maps provides precise information for users
and leads to positive results in terms of routing and decision-making optimization.
Therefore, we can state with confidence that elevation will be a prominent feature of the
map’s representation, despite the challenges involved in determining the appropriate
elevation representation. We finally opt for a relative visualisation as there is no need
for cyclists to know the exact elevation gain. We opt for an arrow representation, as
it provides the linear features with direction information, essential in this case. The
arrows are assigned all along the segment with remarkable steepness (not used as a
single marker symbol) as in this way the user is capable of understanding the extension
of these segments. The degree of steepness is announced through the spacing between
markers, being created into three categories:

• Big separation: Grades between 2 and 5%.

• Medium separation: Grades between 5 and 10%.

• Small separation: Grades over 10%.

Water bodies
Water bodies such as rivers, lakes, seas, and oceans should be included in cycling maps
to provide information that may affect a cyclist’s route. Additionally, they may serve
as landmarks or points of reference for navigation and also provide information on
their proximity for recreational or emergency purposes. With no debate in this case,
the water bodies are represented as a blue polygon in the shape of the water body area.
No further distinctions are made.

Urban green
Urban green areas, such as parks, gardens, and greenways, should be represented in
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a cycling map as they provide information on shade and cool environments, which
can be particularly important in hot climates, and on the availability of open spaces for
recreational or leisure activities. Representing urban green spaces on a cycling map
also encourages cycling as a form of active transportation, promoting a healthier and
more sustainable urban environment. Again, without doubt, urban green areas are
represented as green polygons of their shape.

Buildings and land uses
The representation of buildings is key in cycling maps to provide information about
the urban environment. The building shapes serve as a point of reference, being more
precise than the sole streets. We opted for representing certain land uses in order to
depict the ones that may impact a cyclist’s journey without using markers; the use of
colouring for representing land uses provides additional information while avoiding
the sue of markers that would produce excessive noise to the map. Buildings are
represented by default as a grey polygon of their shape, and the land uses have been
coloured as follows:

• Dark grey: Main train or bus station.

• Blue: Market or supermarket.

• Light burgundy: Bakery, cafe or restaurant.

5.2 Street typologies

Bike lanes should be represented in a cycling map to enhance information on cycling
infrastructure, support safe and efficient cycling, improve route planning and connec-
tivity, encourage active transportation and promote sustainable cities. All the following
street typologies are depicted with a range of different linear representations. There
are two main ideas behind the representation:

The first idea is that direction matters, as a unidirectional bicycle lane is not suit-
able for riding in two directions. To take this into account, bicycle road infrastructure
is represented in half of the road, this being the simplification of a two-way road. On
each of the sides, the typology of the same side is solely represented. As the circulation
is made on the same side of the road for all the extent of the map, no confusion can be
made. In this way, the use of arrows is avoided for the noise they produce. Secondly,
the colour election is a gradation from cold to warm colours, being the coldest assigned
to non-cyclable roads and the warmest to the preferred ones.

Bike lanes
Bike lanes are important to represent on a bicycle map because they provide a dedicated
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space for cyclists to ride, reducing the risk of collisions with motor vehicles. By includ-
ing bike lanes on a map, cyclists can plan their route and navigate the city more easily,
while also gaining a better understanding of the cycling infrastructure available to them.
The bike lanes are yellow coloured. If they exist in only one way, they are drawn as the
left half of the path (circulation-wise, in the countries where circulation occurs on the
left side of the road), or for the entire representation in the case of two-way bicycle lanes.

Segregated bike lanes
Segregated bike lanes, or protected bike lanes, should be represented on a bicycle map
because, compared to conventional ways, they provide a safer and more secure riding
experience for cyclists, being physically separated from motor vehicle traffic. Bike lanes
are assigned red colour. If they exist in only one way, as happened previously with
simple bike lanes.

Cycleways
Cycleways are represented since they are dedicated routes for cyclists and are designed
to separate cyclists from motor vehicle traffic. These kinds of exclusive roads adopt
the colour of segregated bicycle lanes, meaning that they both provide a high degree
of security to bicycle riders. Their representation is a red line, as it is for two way
segregated bike lanes.

Shared lanes
Bicycles are allowed to circulate on regular roads unless there is explicit prohibition.
Although shared ways can pose a higher risk to cyclists compared to dedicated bike
lanes or cycleways, they can still provide a useful route for cyclists, and their repre-
sentation on a bicycle map can help to raise awareness of the need for caution and
vigilance while riding these roads. Shared lanes are represented with blue colours,
using two tones depending on their velocity limit. Lanes with max velocity of 30 km/h
are represented in blue, whereas if this limit is nonexistent, the colour is a darker blue.

Pedestrian streets
Pedestrian streets are represented as they also help cyclists plan their route. They
provide a safer and more relaxed environment for cycling, despite their use is not
encouraged as it must be a safe place for pedestrians. Consistent with this, the wide
shared sidewalks are not represented in our standards. Being closed to motor vehicle
traffic, makes pedestrian streets a safer and more enjoyable environment for cycling,
being an option for beginners. They are represented with a thin grey line.

Motorways
Motorways are not suitable for cycling first as cycling is commonly forbidden in them
and secondly because of the huge speed difference between bicycles and other vehicles.
However, including them on a bicycle map provides context and a better understanding
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of the surrounding road network. Motorways are represented in regular-sized grey
lines.

Stairways
The representation of stairways provides information on obstacles and barriers that
cyclists may encounter on their journey, and encourage them to plan for alternative
cycling routes that are more accessible and user-friendly. In contrast, and taking into
account the permeability of cycling, the short stairs section can be used positively by
cyclists to avoid long routes. Stairs are represented with black linear markers displayed
perpendicularly to the segment.

5.3 Bicycle support infrastructure

As we have seen, bicycle infrastructure is limited not only to road typology but also
to the public infrastructure that supports cyclists. By including this information on a
bicycle map, cyclists can have a more comprehensive view of the resources available
to them and can better plan their rides with confidence. As these are unique features
with an attached location, and they are fundamental for cycling, they are represented
with a marker. Markers consist of black and white representations, mostly placed over
a circular background to enhance them. Hierarchy is used in their symbolisation in
some instances.

Hydration
Representing locations of water fountains is helpful for cyclists who need to refill their
water bottles or take a break. Public water sources are displayed as a black water
fountain marker with no background.

Bike shops and repair
Showing the locations of bike repair stations, where cyclists can access basic tools for
repairing their bikes is crucial in our maps. They are depicted in a black tool over a
white circle. Regarding shops and mechanical services of any kind, they display the
image of a shop with a bike on front, over the same white circle.

Parking
By showing the locations of bike parkings, a bicycle map can help cyclists find a secure
place to park their bikes and thus it makes cycling more convenient and safe. Markers
are displayed following a hierarchy: a black P letter is displayed for regular on street
bike parkings and a white P over a black circle shows the secured and/or covered bike
parkings.
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5.4 Public transportation

The displaying of public transportation is fundamental as it enhances the rang of cyclign
through intermodality. It allows the integration of different modes of transportation,
including cycling, to create a seamless and efficient transportation system. Public
transportation is shown in four different instances:

Railroads
First, railroads are displayed as they are barriers to cyclists in most of the cases, being
protected by fences or just not recommendable to be crossed. They serve then as an
important feature for orientation owing to their linear and distinctive shape. They are
displayed following the conventional manner of two parallel black lines intersected
every short distance by a perpendicular black line, emulating the shape of the railroads
themselves.

Minor stops
These can be spread across the map as different modes of transportation are taken into
account: symbology is provided for buses, tramways, and metro. Although not all of
them allow the transport of bicycles, they can be used to commute by parking a bicycle
near the station or getting a public bike at the start or end of the journey. They are all
drawn as a white body with black lines for a bus, a tramway (a train, as there are no
such kinds of stations for trains) and a metro (another train but inside a tube). If the
city has a symbology related to each of the transportation means, its use is strongly
encouraged, as the audience would more easily link these.

Stations
Stations are displayed in two means: As we have seen previously, a dark grey is used
in the shape of the buildings, alongside with other landuses. This is important as even
enhances major stations. But as they can be even totally underhand or just the size of
the building doesn’t need to correlate to the importance of the station, a unique symbol
is used. White bus or train is used over a black circle.

5.5 Items not included in the standards

Shared sidewalks
Conceptually they don’t complain the needs of cycling mobility as by enabling a bike
lane over a sidewalk, urban planners are reducing space for pedestrians. If we want
an increase on the share of bicycle mobility to efficiently enhance cities sustainability,
we must decarbonise mobility (from cars to bicycles), but never affect the pedestrians
space. A change from commuting by foot to doing it by bicycle will just imply a journey
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time reduction.

Touristic and recreational information
This information is useful for people who uses bikes as a mean of transportation for
their leisure time, but we do not identify it as a positive symptom. The linking between
recreation and cycling relates to the second bike boom, where this mean of transporta-
tion was not meant for commuting or an effective and productive use. Thereby touristic
information is not included in our standards.

Medical information
Same measures of touristic information apply in this case. We do not consider cycling as
a sportive activity or and activity with an associated risk (Winters et al. 2012, De Hartog
et al. 2010) which makes mandatory the inclusion of medical facilities in the standards.

Cyclist-oriented information
Cyclist-oriented information, as we saw in the maps state of the art, is appreciated
and provides insights fundamental for cyclists safety and bell-being on the road, such
as recommended or deterred roads. Despite this, its inclusion in the bicycle map
standards is encouraged but it cannot be formalised, owing to two main reasons:

• They provide subjective information what we are avoiding in this standards at all
costs, even renouncing to this relevant features. The standards provide sufficient
features to ensure cyclists safety and keep integrity and objectivity.

• They require a high degree of knowledge of the location in order to avoid sub-
jectivity, obtained by means such as vehicle counting at a micro-mobility scale,
register of bike accidents or the use of PPGIS involving the cyclist community;
which would drastically increase the costs associated to bike maps and make this
standardisation non-universal.
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6

Results and discussion

6.1 Questionnaire responses

6.1.1 Best Route Selection

121 people gave an answer to this question and 79% of them returned the correct
answer: Green. The remaining where distributed between the 15 people (12,4%) that
opted for the purple question and the 10 (8,3%) that responded that they didn’t knew
the answer or weren’t sure.

6.1.2 Map symbols: Parking and intermodal transportation

The number of correct responses was above 75%, with 91 of 121 of the respondents
opting for the option C. Next comes the marker A with 11 respondents, arguably
misguided by the closeness of the (wrong) marker and the train station. Next come the
7 responses for the option D and the only 2 for the B marker. 10 of the surveyed (8,3%)
stated that "I’m not sure / I don’t know".

6.1.3 Interpretation of Map Symbols

The results for this third question where given as follows: Regarding the A marker,
where given as correct responses the ones providing at least information either on "re-
pair point" or "tools", and 21 responses (17,5%) where given in this sense. The second
grouping comprehends incomplete responses, related to the topic but not providing
the expected information. Examples for this are "repair shop", "bicycle workshop" or
"mechanical". We believe that after having the input of a a legend, this users would
be able to easily identify this repair spots. 88 people (73.3%) belong to this group. 10
people responded with a hyphen, meaning "I don’t know" and only one response was to-
tally apart from the topic and it was clearly ans error or a misunderstanding (an A letter).

The B marker had a great percentage of correct answers with 65 people giving answers
that could be grouped as bus stop (54,2%). The second group aggregates concepts
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that evoke to a bus station, and while the difference might seem minor, the presence
of a large number of this markers throughout the map was a hint sustaining the stop
against the station concepts; 20 people (16,7%) opted for this one. Next come more
generic concepts but still related to public transportation, such as "public transportation
stop", "metro" or "public transportation"; this counts for 7 people. 4 other respondents
understood that the significance behind this pictogram it was a truck or a heavy vehicle;
2 comprehended that it was associated with cars circulation or parking and one other
gave a nonsense answer. The total of don’t knows was in this case of 21 respondents
(17,5%).

C marker is in a situation pretty related to the first one: a numerous majority of
the respondents understood the significance of the pictogram but returned incomplete
answers. The expected answer should have contained at least the concepts "intersec-
tion" & "traffic light", and this was the case for 15 of the 120 surveyed people. 95 people
returned incomplete answers, being 92 related to traffic lights with concepts such as
"traffic light", "stop light" or "a traffic light" and 3 solely to intersections "important
crossing" or "crossroad". Only 2 answers where unrelated to the topic and the "I don’t
know" percentage dropped to the 6,7%; the main reason for this low abstention rate
could be the literalism of the traffic light illustration.

Lastly, the D marker had a high rate of success amongst the respondents, with 104
people (86,7% of them) providing concepts related to public water fountains, again,
favoured by the likeness of the pictogram to the concept. 3 respondents gave disparate
answers and 3 others got engaged by the tap illustration and responded "petrol", "fire
hydrant" and "toilet". 10 people opted for "I don’t know".

6.1.4 Elevation assessment

On the first exercise, 60,8% of the interviewees provided a correct answer (73 over 120
people). The second most chosen answer was From C to D with 14 votes, over the third
option (From A to B, 10 votes). A high number of respondents opted for leaving blank
this question, with 23 votes (19,1%) for "I’m not sure / I don’t know".

On the second exercise, the solution was laying behind the set of nearest arrows,
which was found in the route From A to B, as 86 people (the 71,7% of the canvassed)
got right. The feedback for other options was minor, with 6 and 9 people voting From
C to D and From D to E respectively. 19 people, the 15,8% of the interviewees returned
"I’m not sure / I don’t know" as an answer.
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6.1.5 Route Plotting Questions

First exercise
The exercise collected 115 valid responses, with 86% of them being considered correct.
The responses were then classified into four clusters based on factors such as the total
distance covered, the percentage of meters traveled on bike lanes, and the number of
intersections regulated by traffic lights crossed. Two of these clusters were deemed to
be correct or reasonable, while the other two were considered incorrect. The specific
patterns for each cluster are outlined in the enumerated list provided.

1. Over 60% of the trajectory is made through bike lanes and the distance covered
doesn’t exceed the 800 meters.

2. Nearly 50% of the ride passes over bike lanes and the route lasts no more than
600 metres.

3. Nearly 50% of the ride passes over bike lanes but the route lasts over 700 metres.

4. The distances to cover exceed the 850 metres, multiple intersections regulated by
traffic lights are crossed.

Table 2: Statistics for the 4 clusters in the 5.1 question

Cluster Count Bike lane Other roads No roads Traffic lights Length (m)

1 88 79,3% 20,7% 0,0% 4,7 712,3
2 11 43,4% 56,6% 0,0% 4,0 585,1
3 6 52,1% 47,9% 0,0% 4,0 709,0
4 10 58,6% 41,4% 0,0% 5,7 973,5

Results show that 99 people (86%) chose correct answers, with 88 people choosing
routes from the first cluster. The most used route is the "1", as it is the most straight
forward and it is totally covered by bicycle routes. Other feasible possibilities grouped
in the first cluster are the routes 5, 8, 9, 13 or 16; which only had one respondent
opting for them. 11 people opted for the most straightforward possibilities in cluster 2,
including routes 3 and 4, with 4 and 5 users each, and routes 14 and 17, with only one
respondent drawing them.

Regarding the less recommendable routes, the ones clustered in group 3, 6 people
opted for the routes 6, 7, 10 or 12, longer but still with considerable meters through
bike lanes. And finally, the least accurate planning was made by people who chose the
ones clustered in number four, such as route number 2, that features a few corners but
in return makes the ride considerably long and with plenty of intersections regulated
by traffic lights. Lastly in the same cluster, routes 11 and 15, where considered by only
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one person each.

Second exercise
114 valid responses (and 11 invalid) are registered, with 60 different itineraries, being
very low the repetition rate. This different responses are grouped in 10 clusters and
only one outlier is excluded from the cluster analysis. This clusters are later assessed
regarding to their suitability for bicycle routing:

1. The first cluster depicts a low bike lanes usage (5,4%), the most overall distance
covered through roads with positive slope (nearly 550 meters), the longest route
(over 2,5km on average) and the highest number of intersections regulated by
traffic lights crossed (an average of 8,6); thereby it is considered as not suitable
for cycling.

2. The second cluster is characterised by having just a few meters of streets with
positive slope (less than 160) but compensating it by climbing over 120 meters
in stairs, in of the shortest tracks. Due to the big amount of stairs, the route is
considered not suitable for cycling.

3. The third cluster has the highest percentage of the route going by cycle lanes (over
40%), and a total length of just over 1500 meters with no stairs involved. The only
counterpoint here is the amount of streets with positive slope, that exceeds the
440 meters, but even dough the route is considered suitable for cycling.

4. The fourth cluster has values for cycle lanes over the mean (28,4%), and its positive
slope and distance are averaged, featuring only 4 intersections regulated by traffic
lights on average. It doesn’t contain any staircase; and added this to its moderated
qualities, it makes it one of the best group routes overall and therefore is suitable
for cycling.

5. The fifth set of routes is quite similar to the previous in all aspects, even improving
the values for bike lanes, positive slope and length, but it has the drawback of
featuring stairs, for 28 meters on average. Despite this fact, it comes as an arguably
acceptable set.

6. The sixth grouping covers an averaged number of cycle lanes (16%) and features
low rates of positive slope (205 meters). It contains, dough, some of the longest
routes, averaging over 1940 meters and features small sections (22m on average)
of stairways. It is not the most recommendable set but it is considered valid for
cycling.

7. The seventh cluster has the absence of staircases as its main trump card as besides
that, it has a low rate of cycle lanes (13,6%), nearly 600 meters of streets with
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positive slope and an average long route of over 1940 meters. Again, the absence
of stairs makes this routes options to be considered when cycling.

8. The eight set of routes returns overall good results for cycle ways (31,2%) and
for streets with positive slope (265 meters), but besides that, the length exceeds
the 2km and the average number of traffic lights crossed is above 7,8 per route.
Regarding the stairs sections, more than 50 meters must be climbed, making it
not suitable for cyclists.

9. On the ninth cluster one can found positive outcomes for slope and for traffic
lights (the lowest average number of them: 3,25 per route), but this route is by no
means feasible for cyclists, having to surpass on average 97 meters of stairs.

10. Finally, the tenth cluster has again problems with the stairways, containing over
55 meters of them and the main downside here is the low share of cycle lanes
(only 5,8% of the total track). That is why, despite being one of the shortest (1556
meters) it must be classified as non-ciclable.

Table 3: Statistics for the 10 clusters in the 5.2 question

Cluster Count Bike lane +Slope (m) Length (m) Traffic lights Stairways

1 11 5,35% 646,5 2505,0 8,6 2,19%
2 6 13,48% 159,9 1525,6 6,2 8,24%
3 46 41,51% 717,2 1570,6 6,4 0,00%
4 4 28,10% 435,6 1670,3 4,0 0,00%
5 13 33,85% 415,5 1664,0 4,0 1,73%
6 7 16,23% 228,2 1942,3 5,6 1,23%
7 4 13,56% 599,6 1976,9 4,5 0,00%
8 8 31,21% 375,6 2042,6 7,8 2,84%
9 4 18,89% 189,4 1736,1 3,3 5,69%
10 10 5,79% 314,4 1556,9 5,6 3,54%

Translating this clusters into actual number of respondents, 74 of the respondents
opted for feasible routes. 46 of them will have to face the longest slopes of the third
cluster, 20 of them will have to dismount to face the stairs section in clusters 5 and 6,
and the 4 respondents forming the 7th cluster will face the low share of cycle ways, the
length and the amount of meters with positive slope. The cluster better evaluated is
the fourth, with only four respondents, and with overall good qualifications.

On the other side, 39 people fail when planning a route that surpasses more than
50 meters of stairways, comprehended in clusters 1, 2, 8, 9 and 10, being specifically
critical for the 6 users in cluster 2. Regarding the absence ob bike lanes, it is critical
for the 21 users in clusters 1 and 10, with less than 6% each and can be a problem for
the 14 users in clusters 7 and 2, with values below 15%. The major problems related
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to slope come with the clusters that avoid staircases, as in any way they have to gain
the same elevation; it is critical for the 11 users in cluster 1, with 545 meters in roads
with positive slope signalised. Second come clusters 3 and 7, and their 50 users that
planned a route with around 450 metres with positive slope, being specially critical
for the 46 users in cluster 3, that have 271 of those metres in streets symbolised with
tier 2 elevation. Regarding length, the 11 interviewees in cluster 1 prepared routes
averaging 2.505 metres, and the 19 people Nin clusters 6 to 8 kept them at around the
2k mark. When it comes to traffic lights, cluster 1 is again the less accurate with its 8,6
intersections regulated by traffic lights per ride, and the ratio keeps high for the 8 users
in cluster 8, with 7,83.

6.1.6 Open questions

The open questions at the end of the questionnaire proved to be a good thermometer
to evaluate the levels of comprehension of the cartographic representations. The two
questions of this type were met with limited responses, with 91 and 88 participants
answering the first and second question respectively. This is attributed to the extensive
and demanding nature of the questionnaire, particularly for those who are unfamiliar
with map reading or cycling. Nonetheless, the analysis of the results supports some
assumptions regarding this section:

The first open-ended question sought feedback on the map features, with 55 of the
91 participants finding them to be both comprehensive and sufficient. The second
question in this section also served as the final inquiry in the questionnaire, and it
allowed for the inclusion of any additional comments or requirements related to the
map. Out of the 88 participants, 56 expressed satisfaction with the map in this instance.
Despite the majority’s satisfaction with the map, there were also crucial comments and
issues identified for enhancing the map.

The concern most frequently expressed has been regarding the streets direction (9
respondents). 6 of them reported difficulties in understanding the direction of unidi-
rectional bike lanes, while 3 respondents complained about the direction of one way
car streets not being represented. A respondent proposed the use of dashed lines for
represented painted bike lanes and regular lines for segregated, as it is used in the OSM.

The second most important group of demands comes related to the bicycle infras-
tructure (7 participants), with the addition of markers for bike rental places, bicycle
sharing docks and electric bike charging spots. Additionally, two survey participants
requested the identification of bike parking facilities. In this regard, a common sugges-
tion raised by 8 participants was to incorporate the signalization of public infrastructure
not necessarily related to cycling. This encompasses the signalization of metro stations,
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police stations, public toilets, cultural and tourist locations, the identification of medical
facilities such as pharmacies and medical centers and some other information as mobile
charging points.

5 survey participants raised concerns regarding the type of pavement, specifically
in relation to dirt roads and rural tracks located outside of the city. The survey results
also included a number of less frequently raised suggestions made by one or two
participants. In this way, some inputs have been received regarding the addition of
dynamic or temporal information, which can be grouped in two main aspects: The
first one proposes that traffic information must be displayed, with information of the
most dense roads or the recommended or most used roads for cyclists. In this same
direction, other features are asked, such as the areas that lack streetlights, dangerous
points, flood plains and even the display of shadow on the roads. On another regard,
some users demanded the addition of constructions and other affections on the bicycle
mobility, which would demand a high temporal resolution for the map.

Some of the demands transcend the work of the cartographer and do so with the
object of this work, being clearly directed to a urban planner, but are nevertheless
worth mentioning. Some of the claims ask for vertical signals for all bike parkings,
the adaptation to all of the public transportation to make it capable to carry bicycles
and the creation of more showers and dressing rooms for allowing workers to commute.

Finally, it is important to note that some comments reflect a lack of understanding
of the visual representation, as they suggest information that is already depicted on the
map (such as dining areas or the differentiation between indoor and outdoor parking).

In conclusion, the results indicate that a majority of the participants were satisfied with
the map. However, some notable comments were made regarding confusion with the
direction of the streets and requests for additional features to be added to the map.

6.2 Discussion

6.2.1 Demographic considerations

The results have been aggregated taking into account the different demographic indi-
cators asked at the very first section of the poll; gender, age, frequency of bike use and
relation to GIS as taken into account:

Regarding gender, there is a big difference between single feature and route plot-
ting questions. In the first section, male respondents respond with an accuracy of
81,2%, whereas women do so with a 72%. However, when it comes to the route plotting,
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women achieve results 4,3% higher.

Regarding age, the age group that achieves the poorest responses is the one compre-
hending people of over 60 years old, with a global accuracy of 67,1%. The differences
amongst the other age groups aren’t notable; the individuals aged >30 or 45-60 perform
better on the single feature questions, whereas the group that ranges from 30 to 45
performs slightly better on the route planning one; but this may owe to representativity,
as only the 10% of the interviewees belong to this last age group.

When it comes to bicycle use, the results are meaningful, being a clear barrier the
lack of bicycle usage. When the respondents use the bicycle less than once a month, the
quality of their responses drop more than a 7 percent in the global of the questions. The
difference is specially critical in the single feature questions, where the respondents
that use the bicycle more than once month perform at over 80% and the res below 70%.

The last factor, professionalism in GIS, has demonstrated to be also determining.
The overall accuracy varies 8,5 points from experts (80,1%) to non-experts (71,6%),
being the difference bigger at the route plotting stage.

6.2.2 Questions correlation

When looking at the results grouped, the first that comes to mind is that the overall
correct response rate is high, of above 60% for all of the questions. There are some
correlations worth mentioning between the responses accuracy. First of all, the results
from the 5.1 question, the first route plotting exercise, correlate better with all the other’s
overall than the 5.2 ones do. The explanation behind this might be the complexity of the
5.2, taking into account that the questionnaire was delivered to an heterogeneous group
of people. People who provided a correct solution for the first exercise, demonstrated
an accuracy of 68,9% in all of the single feature exercises, while people who failed the
same had an accuracy 5 points lower on average. This same correlation cannot be made
for the second route plotting exercise.

Having a look at the questions separately, exist positive correlations between the
first and the forth questions in the singe feature section and the 5.1 exercise, meaning
that there is an internal coherence in the results as this three are route-related questions.

As we stated before, providing good results for exercises 5.2 doesn’t necessarily corre-
late with the other questions, but it does fr exercise 3, where interviewees where asked
to identify the markers. The relation between this two questions lies in the capacity of
problem solving, working with non-provided information and global comprehension
of the situation.
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Standards for the creation of urban
bicycle maps

This chapter is structured in two sections, primarily describes variations from the first
version of the standards and their reasoning, and the second section offers a table
including all the items that compound the final standards.

7.1 Changes to the first standardisation

There are four changes and two additions to be made after the standards evaluation
and revision:

7.1.1 Changes

Cycleways
Cycleways are changed their visualisation by reducing their width at the half, allowing
differentiation from regular streets with protected bicycle lanes on both sides.

Shared lanes
Shared lanes are changed their visualisation as the one way roads are reduced their
width at the half and are added triangle markers symbolising direction are introduced.

Stairways
Stairways symbology is changed as requested by the users in the questionnaire, that
argued at some instances that the previous symbology reminded to train rails, and by
means of the poor results in the route plotting exercise, where over 60% used stairways
as part of their route. The use of a linear feature inducted to confusion as it does not
correspond to the reality of stairs, that are nothing but linear. Instead, a thin black
line links the start and endpoint of the staircases but the main feature is a round white
marker with black stroke and a staircase illustration.
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Public transportation
Minor changes are introduced, with a downgrading of the local bus stops. They
produce noise as are spread all over the map, in great number of the cities bikes are
forbidden (or temporal restrictions apply) in local buses, and most of the urban bus
trips can be done by bicycle. That is why a new smaller square is featured. Same
applies for tramways. Lastly, it is recommended, when possible, the addition, of the
transport company logotypes for all of the stations for any mean of transportation.

7.1.2 Additions

Counter-flow bike lanes
Counter-flow bike lanes are included as a result from a request raised in the question-
naire, and this addition is not because this kind of bicycle lanes are of this kind, but
because its clarification saves numerous uncertainties. No special visual features are
added for counter-flow bike lanes, but a combination of them, as this category was not
included in the previous version. The representation of this category is made in the
shape of a one way regular road (with its triangular markers for the direction) and a
thin bicycle lane.

Public bicycle rental services
Public bicycle rental services are included for several reasons. They make it easier
for people who don’t have their own bike to access cycling opportunities in the area,
including people living in dense neighbourhoods, but also tourists or occasional riders.
Also, the targeted audience is definitely interested into knowing the exact locations
of the rental stations in the area. The suggested representation for this item is a
simple marker compound of the logotype of the public rental system, and especially a
simplified application of it, when possible.

7.2 Final standards structure

7.2.1 Background and natural

Elevation Linear feature. Marker line.
Arrow representation, with arrows are assigned all along the segment with remarkable
steepness. Degree of steepness displayed through the spacing between markers, with
three categories.

Water bodies Polygon.
Blue polygon in the shape of the water body area.

Urban green Polygon.
Green polygons of their shape.
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CHAPTER 7. STANDARDS FOR THE CREATION OF URBAN BICYCLE MAPS

Land uses Polygon.
Represented over buildings shape. Grey for general land uses; Dark grey for main train
or bus station; Blue for market or supermarket; and light burgundy for Bakery, cafe or
restaurant.

7.2.2 Street typologies and road infrastructure

Street typologies are represented in half of the road, this being the simplification of
a two-way road. Each of the sides is assigned to the corresponding on regards of
the circulation law. Only the most favourable road typology for cycling is displayed.
Colour election is a gradation from cold to warm colours, being the warmest assigned
to the most favourable for cycling, as follows:

Bicycle lanes Linear. Stroke line.
Yellow coloured for painted, red colour for segregated.

Cycleways Linear. Stroke line.
1/2 width red line.

Shared lanes Linear. Stroke line.
Sky blue for roads with max velocity of 30 km/h, dark blue for higher speed limits.

Pedestrian streets Linear. Stroke line.
1/2 width grey line.

Motorways Linear. Stroke line.
Full width grey line.

Stairways Marker + linear. Circle + Stroke line.
1/2 width black line. Over-impressed marker: black stairs over white circle with black
stroke.

Intersection regulated by traffic lights Marker. Custom shape.
Black rectangle with green, yellow and red dots placed vertically. Marker placed in the
middle of the intersection.

7.2.3 Bicycle support infrastructure

Hydration Marker. Custom shape.
Black water source silhouette.

Bike shops and repair Marker. Circle.
Black tool over a white circle for bicycle repair stations. Black pump over a white circle
for pumps. Bike on front of a shop (black over white) for bike shops.
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7.2. FINAL STANDARDS STRUCTURE

Parking Marker. Various shapes.
Black P letter with white stroke for open parking spots. White P over a black circle for
secured and/or covered parkings.

Public bike rental service Marker. Various shapes.
Company simplified logotype.

7.2.4 Public transportation

Railroads Linear feature. Double line.
Double black line with perpendicular black segments.

Minor stops Marker. Various shapes.
Small square for bus stops and tramways, color matching the representative for the
public service. Logotype for metro.

Stations Marker. Various shapes.
Company logotype and name of the station.
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8

Conclusions

8.1 Research questions output

Bicycle maps are crucial for cities as they provide information for individuals to nav-
igate and plan their daily routes. They promote the use of bicycles as a sustainable
mode of transportation and can help to reduce traffic congestion, air pollution, and
greenhouse gas emissions. Additionally, bicycle maps can help to increase accessibil-
ity and mobility for individuals who may not have access to a car or other forms of
transportation. They can also promote healthy living by encouraging physical activity
through cycling.

In response to the research questions raised, the first has been extensively addressed
throughout the various stages of this work. The cyclists’ needs were first identified
through a literature review, which was then translated into real-world facilities and
features. Before the final inclusion in our standards, all features were tested through a
survey with 130 respondents, providing valuable feedback on each individual feature
and as part of a complete map. The last step, which involved revisiting the existing
literature and incorporating the inputs received from the user comments, was crucial
in determining the appropriate items for the final standards.

Regarding the second one, in two-dimensional maps, the representation of terrain
elevation is typically conveyed through the implementation of contour lines or shading
techniques. This information serves as a useful tool for users to evaluate and make
informed decisions regarding the difficulty of a particular route, as it provides insight
into the gradient or slope of the terrain. However, in an urban environment where
cycling primarily occurs on roads, the importance of elevation representation outside of
these roadways decreases significantly. The use of contour lines in densely populated
urban areas can also result in visual noise and be distracting for users.
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8.2. LIMITATIONS

Through literature review and testing in subsequent questionnaires, it has been de-
termined that the use of elevation gain arrows is the optimal solution for elevation
representation in cycling maps. This method provides a clear and concise representa-
tion of elevation changes where it is most essential, and allows for a less cluttered and
more legible overall map. However, this method does have a drawback, as it fails to
provide a visual representation of the overall elevation profile of the area, making it
more challenging for users to identify hilly or low-lying regions.

In reference to the third research question on the styling of cycling maps, it is crucial
to utilize clear symbols, colors, and labeling to enhance the overall comprehensiveness
and intelligibility of the map. The use of black and white for markers and a well-
defined hierarchy between symbols (e.g. parking and closed parking, or bus stop and
bus station) makes them easier to visualize. The differentiation of hot and cold colors
to indicate the bikeability of roads provides context, while the use of relaxed colors
enhances comprehension. The inclusion of clear and consistent legends and scales can
also improve the map’s usability. However, defining the level of detail required remains
a challenge, particularly due to the lack of a clear definition of the term "urban," which
relates to morphology but not scale. In conclusion, the combination of a clear and
simple design, with relevant and targeted information, results in the creation of an
intelligible and comprehensive 2D cycling map.

8.2 Limitations

There are two major limitations to this study: the selection of map features and the
absence of a final verification process. While this study has made significant contribu-
tions to the field, these limitations must be taken into consideration when interpreting
the results and planning future research.

First, not all of the map features reported in the first standards where included in
the questionnaire. This owed either to the absence of some features in the chosen city
of Lyon or to their exclusion to avoid overwhelming participants with excessive data.
Consequently, the applicability of the results may be limited to some contexts.

And second, the absence of a verification process for the final standards is also a
limitation of this study. We attribute this to the difficulty of engaging a non-expert
public in a complex questionnaire for an iterative process, with the added of the time
constraints involved in completing the thesis. The lack of verification may have led
to errors in the final standards and limited the usability of the standards for future
research.

59



CHAPTER 8. CONCLUSIONS

8.3 Future research

This research presents novel results in the form of standards for bicycle maps, which
are the product of a literature review, a maps review and are improved after the user’s
feedback on a questionnaire. Future research could enhance the work undergone in
the present thesis in two senses: an enlargement of the work and a scalar analysis.

Firstly, the number of questionnaire samples is reduced in order to speed up the
review process and make it suitable for a one semester master thesis. It must be said
that this sample is still bigger than it is in most of the reviewed papers, but still it would
be recommendable to enlarge the review sample. We assume that trends can be intuited
in our work, but no significant correlations can be extracted on the questionnaire results.

And in second term, a scalar analysis has been avoided in our research in the seek of
simplification. Despite that, it has been stated at different stages of this work that the
map scale has a clear effect on the number and detail of represented features and it
must be said that even the provided standards may vary depending on the scale levels.
This is arguably the most important milestone to be accomplished in order to make this
standards perfectly suitable for any context.
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1

The Questionnaire

Bicycle Maps
Hi! My name is Guillem Ulldemolins Jornet and I am conducting this questionnaire
as part of my Master’s thesis in Geospatial Technologies at the Nova University of
Lisbon. The focus of my research is on 2D static maps for cycling at a local scale. This
questionnaire consists of only 6 questions and should take no more than 10 minutes to
complete.
Please note that this form is anonymous and the information collected will only be
used for research purposes. It will always be displayed in an aggregated form. The
maps shown in this questionnaire correspond to the city of Lyon and display Open
Street Map data from December 2022, which may have been modified in some instances.
Additionally, this software will record the time it takes to answer each question.
Thank you for taking the time to contribute to this research. Your participation is
greatly appreciated.

Background
Please fill in the following information.
Age. Short answer
Number
Gender. Selection box
Male | Female | Others / Non-binary
Expertise in cycling, cartography, or GIS (geographic information systems). Binary
Yes | No
Use of bicycle. Selection box
More than three times a week | At least once a week | At least once a month | At least
once a year | Fewer
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1 - Bicycle lanes typology
You want to go from an A to a B point in the map. Select your preferred route:
Green | Purple | I’m not sure / I don’t know

Figure 8: Legend explaining the roadways representation.

Figure 9: Map supporting question 1.
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ANNEX 1. THE QUESTIONNAIRE

2 - Parking and intermodality
You will be going to another city by train and you want to park your bicycle in a
sheltered spot. Select the marker with the best place to park your bike.
A | B | C | D | I’m not sure / I don’t know

Figure 10: Map supporting question 2.

3 - Map icons
In the map there are some icons highlighted, are you able to describe what do they
represent? If you are not sure, please type a hyphen "-".
Marker A [short answer] | Marker B | Marker C | Marker D

Figure 11: Map supporting question 4.1.
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4- Elevation
Please, check the elevation legend at the bottom of each map.
4.1 Here you can see three different routes, choose the route involving less meters of
roads with positive slope:
From "A" to "B" | From "B" to "D" | From "C" to "D" | I’m not sure / I don’t know

Figure 12: Map supporting question 3.

4.2 As in the previous one, in this map you can see three different routes, choose the
route featuring the less steep roads:
From "A" to "B" | From "C" to "D" | From "D" to "E" | I’m not sure / I don’t know

Figure 13: Map supporting question 4.2.
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ANNEX 1. THE QUESTIONNAIRE

5 - Trace your route
This is the final mapping section. You will be presented with two different maps, and
you will be asked to trace a route for going from point A to point B. Please keep in
mind that you are planning a route to be ridden by bicycle.
To use this feature, simply drag your finger (on a phone) or cursor (on a computer)
drawing the desired route. To erase your drawing, use the back arrow. Please do not
press the X, as it will permanently delete the map.
To scroll down to the next questions, just drag your finger down on the right side of
the screen. 5.1 Draw your route from point A to point B.

Figure 14: Map supporting question 5.1.

5.2 Draw your route from point A to point B
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Figure 15: Map supporting question 5.2.

6 - Final
6.1 The maps that you have viewed up until this point are intended to display all

Figure 16: Map supporting question 5.2.

of the features that we believe a cyclist should consider when cycling at a local level
(you can see them all in the legend). Do you think that we have missed any important
information?
Open Answer
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ANNEX 1. THE QUESTIONNAIRE

6.2 Do you have any other consideration or suggestion?
Open Answer

Thank you page
Thank you for taking the time to fill out our online form. Your input is invaluable to us
and helps us better test our maps and understand the concerns of our community. We
appreciate your willingness to share your thoughts and feedback with us.
Sincerely,
Guillem Ulldemolins Jornet
The form can be foundhere in its digital format: https://form.jotform.com/guillemullde/mthesis.
The catalan version can be found here: https://form.jotform.com/guillemullde/tfm
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2

Map applications of the standards

Figure 17: Working map example of the first standards.
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ANNEX 2. MAP APPLICATIONS OF THE STANDARDS

Figure 18: Map example of the final standards.
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