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ABSTRACT 

Benefits such as eco-friendliness, health benefits, and efficiency in congested areas have 

encouraged governmental strategies to promote cycling, triggering a global spread of bike-

sharing systems (BSS). These systems have proved to have positive effects in the cities, 

moreover, many of them have reached a performance peak and require improvements to 

attract/retain users and compete against emerging soft mobility alternatives. 

Aiming to understand the system evolution, this thesis conducts a detailed assessment 

of Madrid’s e-BSS (BiciMAD) since its implementation. The insights extracted shed light on 

the key factors determining the system’s success and its influence on travel behaviour. 

Results suggest that fewer users leave the public transport, more reduce their car usage, and 

more use their own bicycles. Reinforcing the positive effects of BSS implementation. Factors 

such as bicycle maintenance and network expansions improved availably and user satisfaction. 

Also, the slope of the streets is one of the lowest important factors, whereas pedelec assistance 

is the highest. It is likely to believe that the implementation of a full e-bike system was a key 

for overcome cycling barriers. 

In a deeper analysis, the system has been divided into 24 attributes separated into four 

groups (bicycles, stations and network, fares, and interface), to investigate the relations 

between attributes performance and overall satisfaction, applying a proposed innovative 

methodology that allows decision-makers to identify the most influential attributes on user 

satisfaction. The proposed method generates a three-dimensional scheme that facilitates the 

prioritization of interventions. The results suggest that maintenance, network extension, and 

station occupancy and bicycle availability are key attributes for enhancing satisfaction.  

Tailored measures could be taken to improve performance, such as raising the number 

of subscribers by expanding the network, enhancing loyalty by improving bike maintenance, 

or improving performance by increasing bicycle availability. 

The thesis provides methodological and practical contributions. A new combined 

method for user satisfaction evaluation and insights for cities seeking to improve the 

performance of their e-BSS and for those interested to implement new ones. These 

improvements might help to build a better and more sustainable future for urban mobility. 
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RESUMEN 

Las ventajas de la movilidad ciclista como, cero emisiones, beneficios para la salud y 

eficiencia en entornos congestionados, han impulsado la implementación a nivel mundial 

de sistemas de bicicletas compartidas, o bike-sharing systems (BSS). Estos sistemas han 

demostrado tener efectos positivos en la movilidad urbana, sin embargo, muchos han 

alcanzado un pico de rendimiento y necesitan intervenciones y actualizaciones para 

mantener/atraer usuarios.  

Con el objetivo de identificar los factores y elementos del sistema claves para 

incrementar el rendimiento, esta tesis desarrolla un análisis longitudinal del sistema de 

bicicletas públicas de Madrid, BiciMAD. Los resultados obtenidos sirven para identificar los 

factores clave, tanto promotores como inhibidores del uso de la bicicleta y de la influencia 

que ha tenido en los patrones de movilidad de los usuarios. Destaca que cada vez menos 

usuarios dejan el transporte público, más dejan el coche y más usan su propia bicicleta. La 

satisfacción mejoró en atributos como el mantenimiento, la extensión de la red y la 

disponibilidad de bicicletas, en línea con esfuerzos del operador en mejorar el servicio. 

Inhibidores como la pendiente de las calles pierden importancia, mientras la asistencia eléctrica 

gana. Esta relación sugiere que la implementación del sistema 100% eléctrico puede ser una 

clave para superar barreras tradicionales para el uso de la bicicleta. 

Profundizando, esta tesis divide al sistema BiciMAD en 24 atributos separados en 

cuadro grupos (bicicletas, estaciones, tarifas e interfaz), para investigar la relación entre el 

rendimiento de los atributos y la satisfacción general. Para ello esta tesis propone una nueva 

metodología, que permite identificar prioridades en un espacio tridimensional, facilitando la 

interpretación de resultados. Atributos como el mantenimiento de las bicicletas, la extensión de 

la red y a la ocupación de estaciones y disponibilidad de bicicletas resultan claves para 

incrementar la satisfacción de usuario.  

Los resultados obtenidos permiten proponer medidas específicas, para, por ejemplo, 

incrementar el número de usuarios al expandir la red, fidelizar al usuario con mejoras en 

mantenimiento o mejorar el rendimiento general incrementando la disponibilidad de 

bicicletas. 

Esta tesis provee contribuciones prácticas y metodológicas, útiles para académicos, y 

operadores interesados en mejorar el rendimiento de sistemas en funcionamiento y la 

implantación de nuevos. La transmisión de estas experiencias prácticas y contribuciones 

teóricas tienen el potencial de impulsar un futuro más sostenible para la movilidad urbana. 
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Chapter 1 Introduction 

1.1. Research motivation  

Large urban agglomerations are a source of great innovation and economic 

productivity, therefore opportunities for the inhabitants. If the benefits perceived by 

inhabitants -wages, cultural offers, services- overcome the drawbacks (high rents, transport 

costs, bustle) living in urban environments will be attractive, generating geographic 

clustering, and attracting more and more people to urban environments (Giuliano et al., 

2019). Currently, in the European Union (EU), 71% of the population lives in metropolitan 

regions (Eurostat, 2020) and previsions anticipate that by 2050 two thirds of the world 

population will live in urban areas. This urban demographic context generates millions of 

daily movements of people and goods, with all the associated inconveniences and 

externalities of day-to-day life in cities. 

The raise in urban population poses one of the biggest challenges for decision-makers, 

planners, and transport operators. During the past decades, the increasing problems derived 

from urban motorized mobility, such as congestion, noise, air pollution, social equity issues, 

and space consumption have constantly increased (European Union, 2020). 

One generalized strategy to mitigate the effects of urban private motorized modes is to 

foster active mobility, with walking and cycling at the core of the measures. In this line, a 

broadly adopted approach is cycling promotion, as a sustainable alternative to motorized 

mobility. Indeed, in 2021, EU countries committed to adopting a master plan for cycling 

promotion which includes the integration of cycling in urban and regional transportation 

planning (WHO, 2021) and the EU updated its regulations to implement Structural Funds to 

increase the levels of investments from cities and regions on sustainable mobility, with 

cycling in the core of the measures (European Commission, 2021b). 

In this context bike-sharing systems had gained great popularity in cities, as a healthy, 

sustainable, and cheap transport alternative, giving visibility to bicycles as a convenient 

mode in urban environments. The origin of the bike-sharing initiative could be traced back 

to the 60s, with the White Bikes form Amsterdam, but it was not until the early 2000s when 

some European cities implemented the systems extensively, such as Vélo’v in Lyon, Vélib' 

in Paris and Bicing in Barcelona, setting the reference starting point for the global 

implementation. Since then, the number of systems increased rapidly around the world, 

roughly reaching 1890 active systems nowadays, spread over six continents (Meddin & 
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DeMaio, 2021). These systems remarkably evolved since the first implementation, propelled 

by the outstanding progress of Information and Communication Technologies (ICTs).  

Nevertheless, many systems have reached a performance peak (Médard de Chardon et 

al., 2017), limiting the positive effects they have on urban mobility. Some of the worst 

scenarios are the collapse of the systems due to low usage and high public expenditure. That 

is the case with many bike-sharing services implemented in Spain (Anaya-Boig et al., 2021). 

To maximize the positive effects of BSS and avoid systems collapse, accurate longitudinal 

analyses of the systems are needed, to identify key factors that foster the usage and those 

that negatively affect it. In addition, applying precise measures dedicated to improving 

performance have the potential to potentiate positive effects and improve mobility patterns 

in urban environments. The accurate allocation of resources is fundamental to obtaining the 

highest effects in promoting the use and retaining the current users, incentivizing frequent 

use. 

Interventions to enhance user satisfaction and use frequency require the application of 

accurate methodologies, that allow establishing improvement priorities. A widely used 

method for the identification of underperforming attributes in transportation research is the 

Importance Performance Analysis (IPA) (Martilla & James, 1977). This method is simple 

and effective, nevertheless, assumes a linear relationship between attribute performance 

and overall satisfaction (Matzler et al., 2004). Later studies have proven the existence of a 

non-linear relationship between certain system attributes with overall satisfaction. Some 

attributes are not influential when they underperform but bring high joy when the user 

notices them. The opposite occurs with other attributes, that are unnoticed when deliver but 

trigger low overall satisfaction when they underperform. These factors, in addition to the 

traditional linear relationship, are the so-called Three-factor theory (3FT) proposed by Kano 

& N. (1984).  

These two methods are complementary, since the IPA provides information regarding 

the underperforming attributes, while the 3FT helps to prioritize the interventions. A novel 

combination of both is one methodological contribution of this research. 

The reasons exposed before, motivate the development of this doctoral thesis. The 

challenges and opportunities for urban mobility are described next, as an overview of the 

research justification. 
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1.2. Urban mobility challenges 

The global context of urban mobility poses several challenges to transportation 

systems. In this section, a detailed description of the challenges, opportunities, and 

evolution of the systems is conducted, to provide a background and context for the 

development of this thesis. 

In this research, urban mobility refers to the ease with which people may move between 

destinations in urban areas using the available transportation network and services. Many 

factors influence urban mobility, such as demographic profiles, land use characteristics, 

governance, public transportation availability, car usage, and the characteristics of the local 

economy. 

Urban mobility management is a significant concern for cities. Aside from the typical 

financial constraints, planners and policymakers face a slew of other, often conflicting 

demands, such as: maintaining a high quality of life while also creating a business-friendly 

environment; and restricting traffic in sensitive areas while not impeding the necessary 

movement of goods and people (European Commission, 2013). 

Among the many challenges of urban mobility, traffic congestion is perhaps one of the 

most complex to tackle. Costs to society are large, economic research estimates that €270 

billion are lost in congestion every year (European Commission, 2019), also that urban areas 

with fluid traffic are more likely to have economic growth and that free flow traffic could 

increase the productivity of the workforce up to 30% in highly congested regions (Hartgen 

et al., 2009). Moreover, road congestion in the EU occurs in and around urban areas, 

affecting 72% of the EU population (Eurostat, 2020). However, expanding road capacity in 

metropolitan areas has been demonstrated to increase traffic and hence congestion, 

requiring alternative measures to cope with the challenge (Tennøy et al., 2019). 

In addition, many large European cities suffer from poor air quality and often violate 

the Directive 2008/50/EC of Ambient Air Quality (European Commission, 2008), up to 96% 

of EU metropolitan citizens are exposed to levels of air pollution that the World Health 

Organization (WHO) considers being harmful to health. The European Commission estimate 

monetary costs for health at several hundred billion Euros per year, at the time air pollution, 

produces several negative effects on biodiversity (European Environmental Agency, 2021). 

Also, the transport sector is the largest emitter of greenhouse gas (GHG), generating 27 

% of emissions in Spain (Morgado & Andreo, 2021). Given the large impact of urban mobility 

on both economic growth and the environment, urges the need to shift the mobility 
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paradigm towards cleaner and healthier, with more sustainable modes, such as cycling and 

walking in the centre, reinforcing public transportation, and reducing private car usage and 

ownership. 

While some countries have already committed to reducing the emissions of 

transportation and adopting a human-scale approach (Ewing & Handy, 2009), the trend 

toward car-centric practices continues. The implementation of active mobility in cities is 

recognized as a fundamental piece of future urban mobility (European Commission, 2021a). 

Nevertheless, its full implementation, is grossly underfunded, leaving most of the time 

cycling and walking initiatives aside, despite its cost-effectiveness. Two basic 

misconceptions led to this neglect. The first is that active mobility is a burden since it does 

not provide meaningful means for mass transportation and the second is that active mobility 

is a recreational activity rather than an integral part of the transport network, even though 

active mobility outperforms all other forms of transport when it comes to social, economic, 

and environmental dimensions (Adriazola-Steil et al., 2021). 

The promotion of cycling has been considered a potential instrument to tackle some of 

these challenges, gaining popularity worldwide and opening a gap for ways to improve and 

potentiate active mobility, such as bike-sharing services. 

1.3. The impulse of active mobility in cities 

Active mobility mainly refers to human-powered transportation modes, like walking, 

cycling, and the use of other light devices, like scooters and e-bikes, that produce fewer 

emissions than other modes (Raifman et al., 2021). These modes enable individuals to live 

active lifestyles that are beneficial to their health and social, and economic well-being. 

However, the extensive implementation of active mobility in cities has been limited to only 

a few north-European countries (Koszowski et al., 2019). The limitations are mainly 

conditioned due to the lack of extensive infrastructure and urban developments with the 

private motorized vehicle in the centre of the design. Therefore, the perceived safety while 

using a bicycle might be significantly influenced by the vulnerability incited by the absence 

of safe infrastructure, reducing the confidence in the broad population to use a bicycle 

(Götschi et al., 2018). 

1.3.1. Benefits of active mobility 

High levels of active mobility bring benefits to the community comprising the three 

dimensions of sustainability, social, economic, and environmental aspects. Also, attracting 
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citizens to active mobility is one effective measure to achieve significant objectives of 

transport planning, like congestion reductions and the improvement of travel time reliability. 

In this line, it has been demonstrated that implementing measures oriented to enhance the 

public space devoted to active mobility has notorious effects. Recent studies showed a 

significant association of explanatory factors between pedestrian space and levels of walking 

time in Barcelona (Vich et al., 2019). Also, other studies have demonstrated that measures 

like wide sidewalks, narrow roads and adapted intersections could improve the travel time 

of buses. Dedicated pedestrian areas in New York improved the speed of taxi journeys by 

15% and better cycling lanes reduced traffic congestion in the same corridor by 45% in 

Copenhagen, compared with the previous situation (Civitas, 2017). 

More than 60% of the world’s GHG are generated in cities, and roughly one-third of 

them stem from urban transport. In this regard, researchers found that shifting from 

motorized to active mobility is the fastest way to reduce emissions. Notwithstanding, 

electric cars do not seem to improve substantially the current congestion conditions. 

Furthermore, when comparing the life cycles of each mode of transportation, including 

production, fuelling, and disposal, cycling emits 10 times less pollution than electric cars 

(Brand et al., 2021). One practical example of this is the city of Pontevedra in Spain, where 

the carbon emissions reduced by 70% due to the pedestrianization of the city centre, 

surrounding area and busier streets, undergoing since 1999 (Burgen, 2018). 

Cycling is widely recognized as an environmentally friendly mode of transportation 

(Turoń et al., 2020). Moreover, the Institute for Transportation and Development Policy 

(IDTP) in a recent study presented that if the modal share would shift towards regular and 

electric bikes by 11% in 2030, the energy consumed and carbon emissions derived from 

urban transport would reduce by 7%, and if the modal split would increase up to 14% in 

2050, the total reduction would reach up to 11% (McDonald et al., 2015). In addition, other 

studies in England support the potential of electric bicycles to reduce emissions by 

estimating that e-bikes have the potential to reduce car CO2 emissions by 24.4 million tons 

p.a. (per annum) (Philips et al., 2022). 

Increasing rates of cycling and walking also have several health benefits. Physical 

inactivity is a major risk factor for noncommunicable diseases (heart disease, cancer, 

chronic respiratory disease, and diabetes). Physical inactivity is responsible for around 3.2 

million fatalities per year and more than 670,000 premature deaths among persons under 

the age of 60 worldwide (WHO, 2020a). Active mobility is associated with improving health, 

including the risk reduction of all-causes of mortality (Kelly et al., 2014), as well as lower 
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incidence of cardiovascular disease (Wang et al., 2004) diabetes (Helmrich et al., 1991), and 

improved mental health (Stephens, 1988). 

Economic research found that the expenditures on bicycle and pedestrian 

infrastructure have a positive economic impact on local businesses. It suggests that, even if 

car lanes and parking spaces are reduced or eliminated, pedestrian and cycling facilities are 

likely to give a favourable co-benefit to local stores and restaurants (Volker & Handy, 2021). 

Most of the active mobility promotion have a favourable economic impact, such savings can 

reach 15 billion euros per year, for a 10% shift from car to active mobility (Pisoni et al., 2022). 

Indicators such as retail or restaurant sales, employment, and customer spending increase, 

indicating that providing bicycle and pedestrian infrastructure encourages more visitors to 

ride their bicycles or walk instead of driving their cars. Another study shows that 435,000 

new cycling-related jobs could be created in major cities of the pan-European Region if they 

increase their cycling share to 26%. Even though this cycling modal share seems too high, 

it corresponds to Copenhagen (Scotini et al., 2017). Active mobility measures also have 

positive impacts on new industries, namely green tourism. Cycling has the potential to be 

helpful to striving tourism sectors in need of leisure activities able to keep social distance in 

the post-pandemic world, also reinforcing the value of the many pop-up lanes established 

during the COVID-19 pandemic, as infrastructure safe against contagion and traffic (Seabra 

& Bhatt, 2022). 

This general context, in need of sustainable transport alternatives in urban 

environments, in addition to the multiple benefits of cycling, creates a window of 

opportunity for the implementation of bike-sharing services, and to concentrate resources 

on the optimization and support of the existing ones. 

1.3.2. Policy agreements to promote active mobility 

Surprisingly, active mobility is not directly referenced in the Sustainable Development 

Goals (SDG) (UN, 2015), nor the climate targets and other major policy agreements. 

Moreover, walking and cycling share “by default” the spirit of the goals, especially two of 

them which are described next: 

- Goal 3: Good health and well-being. 

The benefits of active mobility and its influence on health have been broadly studied. 

Walking and cycling make streets safer for everyone, especially the most vulnerable users 

including children, the elderly, and those with disabilities. Active mobility increases physical 

activity for daily commuters and short trips, promoting healthier lifestyles. The greater the 
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shift in a community from motorized vehicles to active transportation, the greater the impact 

on public health, whether through increased physical activity or lower air pollution. 

- Goal 11: Sustainable cities and communities 

Cities that are safe, inclusive, and sustainable require aligned measures. To meet the 

road safety aim of cutting down traffic accident deaths to zero, it is necessary to improve 

pedestrian and cycling safety. Providing safe, accessible public areas demands making more 

bicycle and pedestrian friendly. Combining speed management with safe, active mobility, it 

is possible to achieve equitable opportunities for citizens. 

Active mobility also has a noticeable connection with other several Goals. Goal 9, 

addresses sustainable infrastructure, and Goal 13 addresses climate change. Improvements 

in cycling and pedestrian infrastructure generate better accessibility conditions for the 

general population at the time, it reduces car dependence, potentiating positive impacts on 

climate change and GHG emissions. Better active mobility infrastructure also provides 

better accessibility to schools, aligned with Goal 4 for quality education, and shrinks gender 

gaps, since women tend to make shorter, more varied, and frequent trips in line with Goal 

5, for gender equity. 

In line with the SDG, the Spanish Strategy of Safe, Sustainable and Connected Mobility 

integrates nine axes strategy (Ministerio de Transportes, 2021). The first axe Mobility for all 

includes the core measure 1.2.4 Deployment of a state strategy to foster bicycle use. The bicycle 

is located in the second priority level of the Spanish Urban Mobility Pyramid, as an ideal 

mode of travel for distances of up to 8 -12 km. 

According to the strategy, the bicycle must play a fundamental role in the new urban 

mobility, especially in the post-COVID era. Due to the effects of the pandemic an increase 

in bicycle trips has been observed due to the need to maintain social distancing, as an 

individual, safe and sustainable transport option. The bicycle has enormous potential to 

move towards more sustainable mobility and must be taken into account in any mobility 

project. Among the many actions that the Spanish cycling promotion measure there are: 

• Establishment of a coordination Bicycle Office at the Transport Ministry (MITMA). 

• Dissemination campaigns to raise awareness of the benefits of using bicycles. 

• Creation of networks of experts on cycling, to share good practices and their own 

experiences. 

• Development of platforms and lists of companies that establish policies to 

encourage their workers to travel to their workplace by bicycle; 
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• Preparation of recommendations and guides for the design of cycling infrastructure; 

• Design or collaborate in the design of cycling connections between urban centres 

and attraction poles, as well as secure bicycle parking. 

• Creation of digital tools that allow the user to know the offer of cycle paths in Spain 

and recommendation of itineraries; 

• Improve cyclist safety through regulatory or conservation/maintenance actions on 

the roads. 

Likewise, the implementation of an annual subsidy program is planned in favour of local 

entities that execute infrastructures that favour the use of the bicycle as a means of daily 

transport and intermodality with public transport. 

1.4. Thesis general framework 

In order to ease the comprehension, this thesis has been structured into three general 

parts that contain seven chapters displayed in Figure 1. Each part groups chapters with 

common elements for the overall understanding of the thesis. 

Part I Introduction contains the first three chapters. The thesis introduction, addresses 

the research motivation, state of the art, case study and methodology. These chapters 

introduce the reader to the context and need to dig deeper into the research topic. 

Challenges and opportunities to foster active mobility and cycling are described on a 

national and European scale. This preliminary study derives into the identification of the 

research gaps, research questions and objectives to be fulfilled with the thesis. Next, the 

background of BSS is presented, with a short description of the generations, functionalities 

and factors influencing cycling, followed by a state-of-the-art review of the methodologies 

for satisfaction assessment that are going to be implemented in the upcoming sections. 

Part II Results analysis is divided into three chapters. Chapter 4 develops the longitudinal 

analysis of the system evolution, identifying the factors that played a key role in the system's 

success and the influence the system had on users' mobility patterns. The next chapter 

concentrates on the analysis of the 2019 survey, the last of the pre-covid era. Based on these 

data, the research identifies the main service attributes that require interventions in order 

to improve user satisfaction. The approach to capturing the effects of the attributes’ 

performance on overall satisfaction and prioritising interventions is an innovative 

methodological contribution of the thesis. Chapter 6 quantify to what extent interventions 

dedicated to satisfaction improvement of the key factors and attributes identified in previous 

chapters influences the use frequency.  
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Chapter 2 Background. Bike-sharing systems 

and determinant factors on performance 

2.1. Bike sharing systems, opportunities, and evolution 

Pucher & Buehler, (2012) define bike sharing systems as “the shared use of a bicycle 

fleet”. Other popular names also include cycle hire and bicycle transit, nonetheless, the most 

common name is bike-sharing in Europe, US and Australia, while cycle hire in the UK and 

public bicycles in China. The premise of modern bike-sharing systems (BSS) is closely 

related to the one described by DeMaio, (2003) for Smart Bikes, which is to provide a 

sustainable transportation alternative. Bike-sharing systems allow users to meet 

transportation needs in an eco-friendliest manner. The user unlocks a bike located either in 

“stations” of bicycles, with either a smartcard, magnetic stripe card, or numerical/QR code. 

The user rides the Smart Bike to its destination and locks it at another station or parking area 

for someone else to use. Later definitions also describe BSS as “the provision of a pool of 

bicycles across a network of strategically positioned ‘bike-sharing stations’ typically 

distributed in an urban area, which can be accessed by different types of users for short-

term rentals allowing point-to-point journeys” (Ricci, 2015a). Gris Orange Consultant., 

(2009) also define BSS as “a bank of bicycles that can be picked up and dropped off at 

numerous points across an urban area”. Lately, the price reduction of technological 

components, in addition to the popularization of smartphones has motivated the inclusion 

of dockless systems (also called ‘free-floating’ or ‘flexible’), which allow one to take and 

leave bicycles at any point inside the service area, eliminating the need for a physical station 

(Mooney et al., 2019). 

Some well-known benefits of bike-sharing systems are (Anaya & Castro, 2011; Fishman 

et al., 2012; Shaheen et al., 2010): 

- Flexible mobility 

- Emission reduction 

- Increase in physical activity and health benefits 

- Congestion and traffic reductions 

- Increase environmental awareness 

- Cycling promotion 

- Public transport alternative 

- Financial savings 
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- Lower implementation and operational costs 

- A minimum amount of land consumption 

- Improvement in accessibility 

- Improved offer of multimodal connections 

- Support for local economies and tourism 

- Liveability of Cities 

Bike-sharing combines the benefits of a private bicycle and potentiates public transport. 

The trips done by bike-share have nearly zero emissions (not zero if we account for the 

bicycle redistribution), at a low cost with health benefits without the attachments of private 

bicycles, such as storage and maintenance. 

2.1.1. The opportunity for shared bikes 

All the challenges that modern cities face, in addition to the advantages of active 

mobility create an appropriate environment for the implementation of bike-sharing systems 

(BSS). Opportunities emerge for bike-sharing to be smoothly integrated into the wider public 

schemes as cities contemplate reframing their transport networks, since it maximizes 

simplicity and efficiency, matching sustainable purposes. Combining public transport with 

bike-share has the potential to result in a more efficient and seamless network, critical to 

mitigating the derived problems of car-oriented policies and providing a visible platform for 

cycling in urban environments (Moon-Miklaucic et al., 2019). 

Bike-share has the potential to become a key element of long-term transportation 

strategies that involve cycling. Bike-share can help swiftly increase the number of bikers on 

the roads by removing some of the barriers to cycling, such as storage and maintenance. 

Also, the impulse of social paradigm changes, like those motivated by the circular economy 

and servitization (less property acquisition and more service acquisition) might act as 

propellers for the implementation of bike-sharing systems (Lopez-Carreiro et al., 2021). As 

a result, policy initiatives for quality infrastructure and other investments that embed biking 

into the transportation system are emerging (ITDP, 2018). 

All the opportunities for BSS had triggered their generalized implementation around the 

world, especially in countries of the northern hemisphere. By august 2021, there were more 

than 10 million bicycles shared, in a variety of schemes (Meddin & DeMaio, 2021) and over 

2900 systems operating in cities worldwide (Galatoulas et al., 2020).  

Recently, the strike of the COVID-19 pandemic severely affected mobility patterns all 

around the world, intensively reducing the usage of public transport, mainly because of the 
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generalized fear of contagion (Apple, 2022). Notwithstanding, bike-sharing systems survived 

the pandemic, as an individual mode of transportation, which provided a safe against 

contagion transportation alternative. Therefore, the pandemic represented to a certain 

extent, an opportunity for bike-sharing services to prove resilience. 

2.1.1.1. The resilience of bike-sharing systems to the COVID-19 pandemic 

During the first half of the year 2020, the outbreak of SARS-CoV-2 severely affected 

every aspect of daily life worldwide. The first confirmed case appeared in Wuhan (China) in 

December of 2019 when the WHO China Country Office was informed of cases of 

pneumonia of unknown etiology (unknown cause), lately being identified as COVID-10 

(WHO, 2020b). The disease swiftly spread worldwide, and by January 30 of 2020, the World 

Heald Organization declared a Public Health Emergency of International Concern, or 

PHEIC (WHO, 2020c).  

In Spain, the first case was registered by the end of January 2020 (Bilbatua, 2020). 

Shortly after, public authorities implemented strict mobility restrictions aiming to contain 

the virus's spread in the same way that many other countries, officially declared the State of 

Alarm (BOE, 2020). The State of Alarm included mobility restrictions that affected the travel 

demand and performance of all modes of transport, including BSS. Nonetheless, as the 

pandemic eased and restrictions were loosened, urban dwellers progressively took back 

regular activities, and the BSS gained traction as an individual mode of transportation. 

During the critical period of ease of lockdown, cycling proved to be a resilient mode of 

transportation and has great potential (Jobe & Griffin, 2021). For instance, COVID-19 

provoked a drastic decrease of 64.8% of bike-sharing usage in the Beijing area (Chai et al., 

2020; Shang et al., 2021), and similar drops (62%) could be observed in different 

geographical contexts, such as the case of Louisville Kentucky (Hosseinzadeh & Kluger, 

2021). Notwithstanding, it has been verified that cycling provided environmental benefits 

during the severe lockdown and that the usage was shortly recovered in residential areas. 

Li et al., (2021) reported that the daily trip volume of docked e-bikes was less affected by 

the pandemic than normal dockless and docked bicycles during the lockdown period. The 

influence of the electric assistance was especially appreciated in the hilly districts of Zurich, 

indicating more resilience of the electric bicycles, naturally conditioned by the hilliness of 

the city. The positive effects of using the BSS had gained a new drive in Lisbon, as a ‘safe’ 

alternative against contagion versus traditional public transport and limited a potential surge 

in private car usage (Teixeira et al., 2021). Demand drops up to 70% relative to the prior 

coronavirus outbreak reported in New York, moreover, Wang & Noland's, (2021) results 
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suggest that the bike-share system is more resilient than the collective modes such as the 

subway and that an increase in longer trips suggests some shifting from collective motorized 

modes, perhaps due to fear of contagion.  

Although there was much variation depending to the local context, among countries 

and cities, cycling levels generally increased from 2019 to 2021, mainly due to growth in 

cycling for recreational purposes. In contrast, daily trips to work and education declined, 

mainly due to the implementation of home office/school (Buehler & Pucher, 2022). 

2.1.2. Evolution of bike-sharing systems 

Significant changes and improvements have affected BSS, to the point they are 

implemented in many cities around the world nowadays. Some features of the latest 

generation of BSS are are subject of evaluation of this research. Thus, it is worth 

understanding the evolution of the systems and the main differences that define a new 

generation. The scientific literature divides the evolution of bike-sharing systems into four 

generations (DeMaio, 2009; Shaheen et al., 2010). 

1st Generation – The white bikes: everything began with the ground-breaking “white 

bikes” project in Amsterdam in 1964–65. Dutch people have an extensive tradition of cycling 

as a mean of short-medium range transportation, nonetheless, not always was like this. One 

of the interventions toward cycling was motivated by Provo, a group of anarchist activists 

protesting against air pollution and consumerism. Some tenths of bicycles were painted 

white and randomly distributed in the city centre of Amsterdam. Pamphlets were distributed 

stating that “the white bike symbolises simplicity and hygiene as opposed to the gaudiness 

and filth of the authoritarian car”. The unlocked bicycles where were just placed without 

any consideration for transport planning by any administration or authority. Predictively, 

the implemented initiative failed due to the absence of a sustainable scheme, lacking any 

technical support for user identification or payment, the bicycles were vandalized or stolen 

shortly, and the initiative collapsed soon (Tironi, 2015). 

2nd Generation – Coin-Deposit: Some years later, the second generation was launched in 

Denmark, which the same as the Netherlands, has a strong cycling tradition. The 

differentiating aspect with reference to the 1st generation was the introduction of a small 

deposit as a requisite for unlocking the bikes. This feature required a network of docking 

stations, that was introduced as part of the scheme for the first time (DeMaio, 2003). 

Bycyklen was launched in January 1995, as the first large-scale urban bike-sharing program 

in Europe. The essential components of this generation were: (a) Recognizable (typically by 
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colour and particular design) robustly constructed bikes; (b) designated docking stations 

where bikes can be locked, rented, and returned; and (c) small deposits to unlock the bikes. 

The small deposit worked similarly to shopping cars in a supermarket, where the vehicle is 

unlocked with a coin, that is recovered at the end of the use. This scheme lasted longer than 

the first generation, notwithstanding, it was still not possible to fully identify the users, and 

since bicycles are way more expensive than the small deposit, they were stolen and 

vandalized. 

3rd Generation – Smart card systems: Compared with the 2nd generation, the main 

improvements were the support of IT technologies, like computer kiosks, mobile apps and 

magnetic stripe cards. These features allowed the system operator to identify the user, 

which helped to increase the security of the bikes. Some examples of this generation are 

Portsmouth University, which introduced a magnetic card in 1996, and offered a service for 

students on its campus in 1996 (DeMaio, 2009) and Vélo a la Carte, in Rennes, France, as 

the first IT-based system at city-wide scale. Maybe the most progressive advance in the 

third generation was the integration of the bike-sharing system card with the public 

transport card. 

4th generation – Multimodal demand responsive systems: This generation is characterized 

by its complete integration into the public transport system, deliberately designed to be part 

of the public transport offer. It has been observed that higher use frequency of BSS is 

associated with proximity to busier public transport stations (Sun et al., 2018). At least seven 

feature innovations define this generation. Some systems might differ in the combination of 

these characteristics but are distinguishing elements of this generation. The seven attributes 

are (1) flexible docking stations, or no stations at all, in free-floating systems, (2) automated 

bicycle redistribution, through smart technologies and user-based incentives, (3) public 

transport smart card integration, (4) e-bikes, with pedelec (electric power-assisted bikes), 

(5) bicycle tracking with precise GPS systems, (6) state of the art station, with solar panels, 

touchscreen kiosks and, (7) online mobile apps with real-time information (Munkácsy & 

Monzón, 2017b). Chen et al., (2018), consider the free-floating systems (dockless), managed 

by intensive use of big data technologies, as the fifth generation of bike-sharing systems. 

In summary, over the last decade, bike-share has taken numerous shapes, from free 

bikes dispersed around a community for everyone to use, to stations where bike rental was 

controlled manually by an attendant, to the more technologically advanced and secure 

systems we see today in most cities. However, the goal of bike-share has always been the 
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same: to allow users to pick up a bike in one location and return it to another, making active 

mobility convenient. 

2.1.3. E-bikes, an added value for bike-sharing 

Despite the electric pedalling assistance of e-bicycles, they are still considered active 

modes of transportation since they require human-powered energy for pedalling. Since the 

beginning of the 2000s, electric bicycles (e-bikes) had gained popularity, mainly in China, 

but rapidly expanded to Europe and North America (Bigazzi & Wong, 2020; Fyhri & 

Fearnley, 2015). E-bikes have some recognized advantages over regular bikes, such as 

greater range, speed, and overall improved performance (Bai et al., 2020; Cherry et al., 2009; 

Fishman & Cherry, 2016; Fyhri & Fearnley, 2015). Therefore, these recognized advantages 

might help overcome challenging barriers to cycling, such as topography, trip distance, 

intense traffic, high temperatures and poor air quality (Campbell et al., 2016; Fishman, 2016). 

E-bikes make long distances and hills more accessible to most people, especially those 

with age and physical limitations. While the health advantages of e-bikes may be fewer than 

those of traditional walking and cycling, the cardiorespiratory, metabolic, and psychological 

benefits compared to those who engage in physically inactive transportation patterns are 

significant (Castro et al., 2019). In addition, physical activity losses may be compensated by 

longer distances than normal cycling. Indeed, Fyhri & Fearnley (2015) reported that, in 

Norway, those who were given an e-bike, increased the number of their cycling trips from 

0.9 to 1.4 per day, the average distance from 4.8 km to 10.3 km and the share of public 

transportation from 28% to 48%.  

E-bikes have the potential to increase the attractiveness of traditional bike-sharing 

systems, especially to those who may not have previously seen them as a transport option 

(Fishman, 2016). As the technology required for the implementation of e-bike-sharing 

systems (e-BSS), is becoming cheaper and more popular “the next generation of bike share 

could be driven by e-bikes” (He et al., 2019). 

The popularity of e-bikes and the conception of a potential replacement for car trips 

suggest that electric-assisted bicycles are a significant “added value” to traditional bike-

sharing systems. This tendency toward the implementation of e-BSS is noticeable in many 

regions1 of Europe, Madrid (Spain), Stuttgart (Germany), Milan (Italy), Copenhagen 

 

1 Other systems, partially or fully electric, might not be listed. 
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(Denmark), Tricity (Poland); U.S. University of Tennessee-Knoxville (Tennessee), 

Birmingham (Alabama), Baltimore (Maryland), San Francisco (California), San Diego 

(California), Summit County and Park City (Utah), Seattle (Washington) and China, 

Tengzhou, Liaocheng, and Yangzhou (Galatoulas et al., 2020). The increase in e-BSS 

popularity could be observed in Figure 2. 

 

Figure 2 Bike-sharing systems deployed worldwide by fleet type (BSS & e-BSS). (Galatoulas et al., 
2020) 

Recent studies suggest that e-BSSs may have different effects on ridership than 

traditional: e-bikes may be used for longer distances, inferring travel time reductions and 

competitive with public transportation (replace bus trips), and target demographics (young 

to middle-aged males with low-income and education levels) (Bieliński et al., 2021). 

2.2. Factors influencing bike-sharing use 

The popularization of cycling, recognized as a clean, sustainable mode of transport and 

an essential part of inter-modal plans for sustainable urban travel had encouraged the 

implementation of policies to promote its use. These policies are frequently based on the 

identification of the most influential factors affecting bicycle usage. The factor identification 

process either includes surveys, where bike factors are straightforwardly assessed, or 

discrete choice models that estimate or predict users’ choices. Both research lines provide 

important insights into cyclist behaviour. 
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The evaluation of the factors that influence the choice of bicycles differs from other 

modes of transport. Traditional explicative factors that determine transport user behaviour 

– such as cost and time – do not play such a significant role regarding cycling as they do for 

other modes. This is an indicator that when it comes to bicycle usage there are other 

influential factors (some from the psycho-social domain) that gain importance in the correct 

characterization of cyclist behaviour (Fernández-Heredia et al., 2014; Schlossberg & Brehm, 

2009). Moreover, there are additional characteristics such as built environment, health, 

environmental concern or weather that are influential over the use (Noland & Ishaque, 

2006).  

In this section, based on a literature review, the factors influencing cycling and e-BSS 

usage are grouped into wider categories, providing a framework for the evaluation of bike-

sharing systems. In addition, this section identifies the main challenges of BSS and defines 

user satisfaction and its relationship with the performance of the system. 

2.2.1. General factors influencing BSSs use 

The factors affecting bicycle use have been widely studied in a large portion of the 

available literature (Fernández-Heredia et al., 2014; Wang et al., 2018), and some of them 

advocated identifying the key factors that would increase cycling share (Handy et al., 2014). 

Some early studies, previously the extensive implementation of BSS, focused on the 

influential factors on commuting by bike (Ashley & Bannister, 1989). Since then, the focus 

has been put on factors influencing the most frequent trip, which normally is to work 

(Wardman et al., 2007). Later on, the scope has been opened to other motives for cycling 

and further city centres (Ledsham et al., 2022), also considering several influential factors at 

the same time. One of the first studies modelling bicycle use with a large set of influencing 

factors has been the one carried out by Rietveld & Daniel, (2004). In this study, they analysed 

the effect of Dutch municipal policies and their association with bicycle use. They found that 

the most influential factors related to bicycle use are those related to the natural and built 

environment (hilliness and city size). An example of a detailed literature review is the 

extensive and exhaustive work of Heinen et al., (2009). This review identifies five general 

categories of influential factors on cycling, (i) built environment (urban form, infrastructure, 

facilities at work/studies), (ii) natural environment (hilliness and landscape, seasons and 

climate, weather), (iii) socioeconomic factors, (iv) psychological factors (social norms and 

habits), and (v) cost (monetary, travel time, effort). 
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Based on the former literature review, the present research has identified that in 

addition to these well-recognized groups of factors, there are additional factors that should 

be addressed specifically accounting for the use of BSS, that have not been considered 

before. Some factors are described in the work of Scott & Ciuro, (2019), notwithstanding, 

the factors considered are limited to weather conditions, temporal variables (seasonality) 

and station attributes. These system-related factors are as well partially described in the 

work of Elmashhara et al., (2022), as a review on general micromobility services. It identifies 

that there are system-related factors, that include convenience and usefulness, economic 

factors, accessibility, ease of use, service quality, vehicle features and quality, regulations 

and app-related aspects. 

Furthermore, in Elmashhara et al., (2022) study the specific BSS attributes are 

addressed, accounting for their specific characteristics, compared to the use of an owned 

bicycle, like fares (fees for registration and use), infrastructure (integration with public 

transportation, bicycle quality, bicycle availability, network extension, and the distance 

between stations), system functioning (ease of registration and use, customer support), the 

extension of the network, and convenience of not owning a bicycle (Bachand-Marleau et al., 

2012; Eren & Uz, 2020; Fishman et al., 2014; Jahanshahi et al., 2019; Scott & Ciuro, 2019; 

Torrisi et al., 2021). The linkage between different factors and membership numbers is also 

a well-studied area (Bonnette, 2007; Corcoran et al., 2014; Fishman et al., 2015a), but most 

of this research is focused on Australia and North America, therefore these findings are 

hardly applicable to the European context. 

Based on this review, this work proposes to include one additional category that refers 

to the elements that are specific to BSS. Figure 3 sketches the five groups of factors identified 

by Heinen et al., (2009), in addition to the sixth group of factors influencing the use of shared 

bicycles. The group of cost, travel time, effort, and safety are factors closely related to the utility 

theory (R. H. Ewing, 1974), which assumes that every individual acts to maximize their own 

utility. Therefore, when applied to bicycle modal choice, any increase in travel time, cost, 

and effort results in a decrease in the probability of being chosen. 
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Figure 3 Groups of factors influencing bicycle and bike-sharing use. Own elaboration based on 
Heinen et al., 2009 

Based on former scientific research, it is possible to separate the system elements that 

integrate a BSS, into four groups of attributes: i) bicycles (manoeuvrability, ergonomics, 

appearance, functionality of the carrier, battery lasting, power, etc.), ii) stations and network 

(anchorage functioning, ease of release and anchorage, distance between stations, network 

extension), iii) fares (annual subscription, pay per use, discounts, etc.), and iv) user interface 

(customer support, mobile app, webpage, totem functioning, etc.). Some of these attributes 

are included in the general cycling classification by Heinen et al., 2009. For instance, the 

network extension is within the category of the built environment, and the fares are part of 

the costs.  

2.2.2. Promoters and inhibitors structure 

When making a transport choice, cyclists seem more driven to achieve an optimum in 

a set of factors avoiding greatly harming one of them, while other transport users behave by 

optimizing a single factor, such as the generalized cost, diminishing the importance of others 

(Rondinella et al., 2012). In this line, the different categories of general factors influencing 



Chapter 2 Background. Bike-sharing systems and determinant factors on performance 

21 
 

cycling could be divided into two general groups, promoters and inhibitors of the use. In the 

work of Rondinella et al., (2012), factors are classified by their positive (promoters) or 

negative (inhibitors) impacts on cycling, finding a lower influence of the deterrent factors 

over those frequent users that cycle for commuting. The opposite effect is observed for those 

who cycle less, enhancing the role of habits and familiarity.  

In this thesis, the promoters/inhibitors structure proposed by Rondinella et al., (2012) 

is adopted and combined with the six groups of factors previously defined from the revision 

of Heinen et al. (2019) plus one specific for BSS. 

Table 1 Factors influencing the use of bicycle and bike-sharing systems (Rondinella et al., 2012) 

 
Promoters Inhibitors 

1. Built environment - Extensive cycling 

infrastructure 

- Safe cycling paths 

- Extensive network* 

- Long distances 

- Large cities 

- Large roads with high 

traffic volume 

2. Sociodemographic - Young 

- High education 

- Aged population 

- Car ownership 

3. Psychological 

(attitudinal) 

- Eco-friendliness 

- Fun 

- Risk perception 

- Self-association with 

low social status 

4. Natural environment - Mild weather 

- Soft flat streets relief 

- Extreme temperatures 

- Hilliness 

- Vandalism and 

burglary 

5. Costs - Low or no maintenance 

cost* 

- Annual subscription* 

- Pay per every use* 

6. BSS characteristics* - Ease of registration 

- Ease of use 

- Bicycle handling  

Table 1 presents an example of the combination of factors, including those influential 

on BSS use. Notice that the table is illustrative, and not all the factors cited are included in 

this thesis or vice-versa. 

For instance, low quality of infrastructure and bike-sharing elements could be related 

to low usage. “In sum, it seems that the physical structure of the bike is a discriminant factor 

penalizing the less able to cope with the difficulties of cycling—i.e. women and elders—and those 

who use the service less frequently—i.e. employees and workers, and retired people”(Manzi & 

Saibene, 2017). 
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The above-mentioned factors are influential on the usage of a bike-sharing system, 

therefore, influential on the overall performance. The next section concentrates on this topic 

for a better understanding of the concept of BSS performance. 

2.3. Performance indicators 

There are many parameters to measure the performance of a BSS. Some of the most 

widely used are the system station density, fleet size, number of stations, network concentration, 

average daily trips per registered user, etc. (Pimentel de Vassimon, 2015). Nonetheless, not all 

of them are representative of the performance at any time, for instance, shortly after the 

system implementation, the number of annual members per bike in service is a useful indicator 

to evaluate if the system implementation meets the expectations (Gauthier et al., 2014a). 

According to The Bike Sharing Planning Guide (Gauthier et al., 2014a), an efficient, reliable 

and cost-effective system must consider two critical metrics: 

i) The daily uses per bicycle, or Trips per Day per Bicycle (TDB), with 4 to 8 uses 

per day, as recommended values, and 

ii) the average daily trips per resident, which measures the market penetration. 

The recommended values for the last indicator are 1 trip per 20 to 40 residents 

within the service area.  

These metrics have an inverse relationship. For example, a system that has a high 

number of daily uses but only a few bicycles will have low market penetration, as not many 

people will be able to use it. These two metrics might help planners carefully calibrate the 

dimensions of the system. 

The evaluation systems' long-term performance is complex, the appropriate selection 

of an indicator should be based on the simplicity of comparison, independently of the size 

of the city or system. Following this premise, media (Bialick, 2013; Cripps, 2013; Goodyear, 

2013), reports (Curran, 2008; Gauthier et al., 2014) and publications (Fishman et al., 2013, 

2015b; Ricci, 2015b; Zhao et al., 2014) use the number of trips per day per bike (TDB) as a 

comparable measure of success BSS. With this basis, this thesis refers to this metric as the 

most significant indicator of performance. 

Based on the TDB values, Médard de Chardon et al., (2017) conducted a study to 

evaluate the determinants of success of BSS. The study is partially based on the performance 

of 75 BSS (measured in terms of TDB) across the world with somehow surprising results. 

They show that the network effect (bigger network, better performance) is not an indicator 

of good performance and that one-third of the cases studied have values of TDB lesser than 



Chapter 2 Background. Bike-sharing systems and determinant factors on performance 

23 
 

1. On the other side, Anaya-Boig et al., (2021) conduct a similar analysis, also including the 

TDB to assess the common characteristics of unsuccessful systems. Other authors, (Yahya, 

2017), suggest other approaches for system performance assessment, such as the Overall 

Bike Effectiveness (OBE), which is the time in hours/day that the bicycles are available for 

use. 

Despite the performance indicators help planners and service providers to adjust the 

cost-efficiency of the system, the declaration of a successful system should also include the 

goals for which it has been implemented, although these goals are commonly vague, or not 

defined at all (Ricci, 2015b). It is also normal that BSS goals differ among cities and regions, 

as contexts are diverse. In some cases, the goals depend on the operation and/or pricing 

strategies under public or private bike operation schemes, depending on their objectives 

(e.g., to maximize operation profit, or to improve the connection of travellers to public transit 

and thus minimize total social cost or improve social welfare) (Zhang & Liu, 2021). 

The TDB performance indicator, based on the rotation of the vehicles (daily uses), is 

directly affected by the use frequency. The use frequency is related to the overall 

satisfaction, dependent on attributes performance that comprises the systems, in addition 

to other covariates. This former relation is known as the satisfaction-profit chain (Anderson 

& Mittal, 2000). Since user satisfaction is a core topic of this research work, the next section 

describes its implications for ridership, not only in a bike-sharing system but also with other 

modes. The relationship between satisfaction-usage is well recognized in the transportation 

literature and unshelled in the next section. 

2.4. Influence of user satisfaction on BSS promotion 

User satisfaction is directly related to customer loyalty. As the overall satisfaction 

increases it is more likely that the user will continue as a client of the provided service 

(Anderson & Sullivan, 1993; Boulding et al., 1993; Yi, 1991). This relationship directly affects 

profitability future revenues and system economic sustainability (Bolton, 1998). The 

satisfaction evaluation and its influence on overall performance have become imperative for 

service providers. Consequently, satisfaction programs are increasingly results-oriented, 

rather than improving satisfaction scores alone. As a result, the satisfaction-profit chain 

(Figure 4) states that by improving satisfaction with specific service or product attributes, 

user/customer satisfaction should increase. Thus, higher user/customer satisfaction is 

expected to lead to higher user retention, leading to higher use ratios and better financial 

sustainability (Anderson & Mittal, 2000).  
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Figure 4 The Satisfaction-Profit Chain. Adapted from Anderson & Mittal, (2000) 

Whilst many studies address user satisfaction in public transport (De Oña & De Oña, 

2015; dell’Olio et al., 2010; dell’Olio et al., 2011; Figler et al., 2011; Zhang et al., 2019), less 

attention has been paid to user satisfaction and the complexities underlying the relationships 

between the system-attributes performance.  

The approach for evaluating public transport performance traditionally involved only 

the perspective of service managers, mainly based on the cost efficiency and cost-

effectiveness of services and operations, as is represented in the studies of Hensher & 

Daniels, (1995) and Pullen, (1993). Moreover, in the last decades, service quality (SQ) 

became a major concern for managers and researchers in the PT sector. SQ is recognized 

as an essential tool for public transport agencies and transport planners in order to capture 

and retain passengers (De Oña & De Oña, 2015). 

There is no concordance about the direct relationship between service quality and 

satisfaction, nonetheless, it is usual to find both concepts together in the literature, maybe 

due to the similarity in both variables as both derive from the Disconfirmation Theory 

(Parasuraman et al., 1988). Oliver, (2010), on one hand, defines service quality as a cognitive 

judgement (thinking/judging) that summarizes the good or bad elements of a service. On 

the other hand, customer satisfaction is an affective judgement (liking/pleasure), a 

“consumer´s fulfilment response”, merely based on personal experiences. Nevertheless, 

both concepts are used interchangeably in much of the literature. 
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In the field of public transport, several methods such as focus groups and interviews, 

are used to evaluate which service attributes are more relevant for overall satisfaction since 

evidence correlates rider satisfaction with public transport use. This matter is broadly 

covered in the review article of Ojo, (2017), in which it is highlighted that comfort and 

convenience, personnel, safety, reliability, and service frequency are the main attributes in 

forming rider satisfaction. Furthermore, customer satisfaction surveys or rider satisfaction 

surveys (CSS or RSS) are frequently used tools by academics and practitioners for assessing 

public transport service quality and user satisfaction (Eboli & Mazzulla, 2007; Ojo, 2017).  

Regarding the attributes to be included in the evaluation of a transport system, most 

authors agree that the attributes must be selected ad hoc, based on the specific 

characteristics of the mode to be evaluated (Carrillat et al., 2007). As it is broadly recognized, 

every transport system comprises local special characteristics, since they vary significantly 

among countries and regions. Bike-sharing systems are no different. “One fits-all” solutions 

are not common, as many elements of the systems vary. 

There are many approaches for the identification of underperforming attributes, but 

perhaps one of the most widely used techniques is the Importance-Performance Analysis 

(IPA). This is a simple but effective quadrant method to assess explicitly important service 

attributes that underperform. This methodology is further described in the methodology 

section since it is employed and combined in this thesis. Moreover, a literature review on 

its implementation in transportation studies is conducted in the next section. 

2.4.1. Importance-Performance Analysis (IPA) background 

Originally introduced by Martilla & James (1977), IPA is one of the most widely used 

quadrant analysis techniques corresponding to the “disaggregate models based only on 

performance” (De Oña & De Oña, 2015). The grid is divided into four quadrants, each 

corresponding to one strategy. The quadrants are composed of how important each 

attribute is from the user perspective (y-axis) and the performance of each attribute (x-axis). 

Depending on the average values (importance and performance) each attribute falls on one 

of the four quadrants, guiding the strategy formulation by the attribute priority identification 

(Slack, 1994). For further information regarding the application of the method refer to the 

methodology section. 

IPA has been widely applied to public transport systems in various fields. For instance, 

Weinstein (2000) applied an IPA to compare the two methodologies studying various 

service attributes in the San Francisco Bay Area Rapid Transit (BART). They compared the 
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bivariate correlation with factor and regression analysis. The findings, more related to the 

methodological implications rather than the identification of the attributes' importance, 

suggest that the bivariate correlation appears to be a better approach to identifying key 

service attributes. Chou et al. (2011) applied the IPA to appraise the quality of Taiwan’s 

High-Speed Rail (THSR) and the Korea Train eXpress (KTX) service and performance, 

leading to the proposal of a passenger satisfaction index. Chen & Chang (2005) used an IPA 

to construct service attribute evaluation maps to identify areas for improvement in airline 

services, derived from a preliminary gap identification between passengers’ service 

expectations and actual service received. Iseki & Taylor (2010) concerned with the out-of-

vehicle burdens of travel with public transport applied an IPA to examine users’ perception 

of stops and stations in the Los Angeles metropolitan area and found that the most important 

determinant of user satisfaction with public transport stations is related with, frequent, 

reliable service in and safety perception in the surroundings of the station. Cherry & 

Townsend (2012) used the same methodology to evaluate the metro-bus transfer experience 

in Bangkok, Thailand. They found that passengers expressed high levels of dissatisfaction 

with the overall transfer experience, suggesting that intermodal metro-bus transfers could 

be greatly improved. Finally, Hernandez et al. (2016) proposed a methodological 

framework, including IPA, to identify the potential strengths and weaknesses of urban 

transport interchanges. They identified the signposting as one of the greatest strengths and 

that features of the internal design of the interchange which have a direct influence on 

aspects related to safety performance, and security conditions, particularly during day-time. 

However, to the best of the author's knowledge, there is no record of the application of 

an IPA to bike-sharing systems, showing the poor attention that has been given to the 

evaluation of BSS service attributes. 

Traditionally, customer satisfaction models assumed that attribute performance affects 

customer satisfaction through a linear and symmetric relationship. The most common 

approach to represent this effect is usually done by conducting a multiple-regression model 

that identifies the significance of attributes into managers should invest resources to 

improve customer satisfaction. However, according to recent research, it is important to 

recognize the links between attributes performance and satisfaction are not linear and 

symmetric (Anderson & Mittal, 2000). In this line, an increasing number of researchers 

support the asymmetric response of satisfaction to attribute performance (Anderson & 

Mittal, 2000; Kano & N., 1984; Matzler et al., 2004; Vavra, 1997). These authors recognize 

the existence of satisfier and dissatisfier attributes, that could be categorized into three 

groups: i) those that significantly improve satisfaction when performing well, but do not 
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severely undermine it when performing poorly, ii) those that severely affect satisfaction if 

underperform, but do not lead to high satisfaction if perform well, and iii) those with a linear 

influence on satisfaction. The background of studies addressing the three-factor theory is 

described in the next section, while further methodological details for the attribute 

classification are addressed in the methodology section of the thesis.  

2.4.2. Three-factor theory background 

The study of user satisfaction is required for the identification of the most important 

attributes into managers should invest resources to maximize user satisfaction, 

strengthening the satisfaction-profit chain and improving the system performance. The 

identification of three groups of factors, with different influence on user satisfaction, is 

recognized in the literature as the Three-factor theory (3FT). 

The application of the 3FT to bike-sharing studies to investigate the system attributes 

influence on user satisfaction is non-existent, the same as the traditional IPA. Only by 

widening the scope, it is possible to find a few examples of the application of this approach 

to transportation studies. 

For instance, based on 2013 survey data from Indore, India, Zhang et al. (2017) applied 

the 3FT to Bus, Bus Rapid Transit (BRT) and Van riders and found that comfort while riding 

and safety while waiting are common basic attributes across the three types of public 

transport evaluated. Cao & Cao (2017) compare the results from two alternative IPA and 

two applications of the three-factor theory, conducted with data from metro transit riders in 

Guangzhou, China. This study concludes divergent improvement priorities for different 

services: comfort while waiting at the station/stop and service reliability for the bus; safety 

while waiting, safety while riding, and comfort while waiting for BRT; and spatial coverage 

for metro transit and compared their results with a traditional IPA. More recently, Wu et al. 

(2018) used regressions with dummy variables to identify the three types of factors among 

a series of express and local bus attributes. They found that both, the importance of service 

attributes and the improvement priorities differ between express and local buses and found 

that comfort, travel time and reliability should be addressed as the first priorities to enhance 

user satisfaction. (Abenoza et al., 2019) use the 3FT to identify whether service attributes 

have a non-linear and asymmetric influence on the overall travel experience the findings 

highlight that a ‘‘one size fits all” approach is not adequate for identifying the needs of 

different travel profiles and different travel modes. In the same line, Fang et al., (2021) base 

their results in the 3FT to identify asymmetric associations with overall satisfaction service 
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attributes of bus services in Harbin, China. Finally, Lan et al., (2022) apply an impact-

asymmetry analysis to evaluate the non-linear influence of bus service attributes on elder 

users and to classify attributes that should be prioritized in order to improve overall 

satisfaction. 

This literature review evidences that the identification of the three groups of factors is 

still undergoing in many fields of transportation research. This thesis addresses this 

particular gap, by conducting a detailed assessment of a bike-sharing system, identifying the 

service attributes that should be improved to increase user satisfaction and performance.  

The next section addresses the challenges of modern bike-sharing systems, describing 

the motivation for conducting this research. 

2.5. Challenges of bike-sharing services 

Research on bike-sharing systems contemplates many dimensions of the service 

operation, implementation, user behaviour, and effects on mobility patterns. Nevertheless, 

less attention has been paid to the shared characteristics of the systems that failed to 

succeed and consequently closed.  

After the great popularization that BSS had at the beginning of the 2000s, and the many 

systems that have been implemented, it is notorious that more than half were closed in Spain 

by 2018. In contrast with fixed cycling promotion interventions such as bike lanes and 

parking, BSS have a higher risk of being withdrawn. This is shown in the recent research of 

Anaya-Boig et al., (2021), who conducts a detailed assessment of the Spanish systems that 

have been withdrawn and explains based on a regression analysis the main variables 

influencing this issue. The results indicate that between 2003 and 2018, 131 BSS were 

opened in Spain, of which 62% closed.  

The performance of the systems analysed measured in TDB range from 0.1 to 6.5. Even 

though Anaya-Boig et al., (2021) sustain that the performance of the system seems not to be 

significant to the system's success, her analysis accounts only for the surviving systems by 

2017, dismissing those that were terminated. Thus, the system's low performance might 

pose a high risk of service termination, especially considering that 38% of operating BSS 

report less than one trip per bicycle per day. 

One of the main challenges for current systems is to improve their performance by 

attracting new user segments and retaining current subscribers, and most importantly, avoid 

service termination 
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2.6.  Identified gaps and thesis objectives 

There is very little research related to e-BSS since most of the currently implemented 

and fully functional services offer traditional bicycles (Bieliński et al., 2021). In addition, the 

user profile, and main elements of the evolution of an e-BSS are also shortly researched, due 

to their recent implementation. This thesis contributes to the state of the knowledge, by 

evaluating factors that are influential over the use of Madrid´s e-BSS.  

The literature review conducted in the previous sections derives in the identification of 

two major needs for the adoption of active mobility and bicycle use: 

I. Incentivize active mobility patterns, with cycling at the core of the measures 

due to the many benefits it brings to society, 

II. Use the current opportunities to reinforce the implementation of e-bike-sharing 

systems and avoid service termination, 

These requirements can be addressed by fulfilling the following identified research 

gaps: 

i) It remains unclear, how the factors influencing the use of e-bike sharing 

systems, affected its evolution, and the  influence of the system on travel 

behaviour, 

ii) There is no awareness of the influence of e-bike-sharing system attributes 

performance on user satisfaction. No approach accounted for the explicit and 

implicit relationship underlying satisfaction. 

iii) There is no awareness of the extent to which satisfaction increases use 

frequency, even though their positive relationship had been proven. 

This thesis addresses these gaps, providing methodological and theoretical results that 

can be transformed into policy recommendations aiming to improve points I and II.  

The literature review evidences the need for exhaustive research on the following topics 

and answers to the research questions: 

Related to the research gap i) Evolution 

This thesis evidences the lack of research focused on the evolution of an e-bike-sharing 

system. In addition, the absence of specific factors related to BSS, that were not 

contemplated before in cycling studies. The assessment of a well-established e-BSS might 

help to identify the key factors that led to the system's success and the effects of the mobility 

patterns. Further investigation on these matters might confirm the improvements in BSS 
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users’ travel behaviour and shed light on the fostering and deterrent usage factors. The 

following research question arises: 

RQ1. Which are the factors that determine the successful evolution of an e-BSS? And, 

how it influences bikers’ mobility patterns? 

Related to the research gap ii) Satisfaction assessment 

The literature suggests that user satisfaction evaluations require accounting for the non-

linear effects of the system attributes on overall satisfaction. The lack of awareness of how 

different attributes affect user satisfaction might lead to equivocating resource allocation, 

posing serious risks of not achieving the expected results. In this line, the second research 

questions arise: 

RQ2. Which are the attributes with a higher impact on user satisfaction, for both, 

regular (subscribers), and occasional users? And, how to prioritize policy interventions. 

Related to the research gap iii) Use frequency-performance 

The use of an e-BSS is conditioned by general cycling factors and satisfaction with the 

system. This relationship leads to infer that: the higher the satisfaction with system attributes 

and the higher the importance of cycling promoter (deterrent) factors, the higher (lower) the 

use frequency. This logical sequence derives in the third research question: 

RQ3. Which attributes and cycling factors are the most influential on use frequency?  

Each research question is linked to a specific objective that will be developed in 

the upcoming sections. Figure 5 schematizes the development. 

 

Figure 5 Research questions linked to the main objectives to be developed 

2.6.1. General objective 

Evolution 
SO1-3. key 

factors
RQ1

Satisfaction 
SO4-6. key 
attributes

RQ2
Performance 

SO7-9.
promoters

RQ3



Chapter 2 Background. Bike-sharing systems and determinant factors on performance 

31 
 

This thesis emerges in light of the current need to improve mobility patterns, by 

reducing the externalities generated by private motorized vehicles and enhancing active 

and sustainable modes of transportation.  

Since cycling is one of the key strategies to achieve the former mobility goal, the general 

objective of this thesis is to identify the explanatory factors for improving bike-sharing 

systems' performance, specifically focusing on Madrid’s pioneer public e-bike-sharing 

system. The correct identification of such factors might help to develop policy 

recommendations for enhancing their usage, therefore maximizing their benefits, and 

avoiding the risk of service collapse.  

By successfully achieving the general objective (GO), this thesis provides new 

theoretical and methodological insights for the evaluation of the factors explaining the 

successful evolution of the system. To accomplish the general objective, this thesis is 

structured in a series of sequential specific objectives (SO) depicted in the next section. 

These SO on the one side are intended to respond to the research questions and at the same 

time serve as steps to achieve the GO  

2.6.2. Specific objectives 

Given the general objective and the research questions identified in the literature 

review, this thesis comprises the following specific objectives: 

Linked with the RQ1. Evolution 

- SO1. To gather and compare the data collected since the deployment of BiciMAD 

service in Madrid, at both, subjective and objective levels, to conduct a longitudinal 

analysis. 

- SO2. The study, at a comparable level, the factors that influenced the evolution of 

the system, identifying those that were key in the promotion (promoters), and those 

that might improve to raise the cycling levels. 

- SO3. Evaluate the long-term effects of the service implementation on users' travel 

behaviour. 

Linked with the RQ2. Satisfaction 

- SO4. Develop a transversal analysis by disassembling the local e-bike-sharing 

system in service attributes, to evaluate their influence on user satisfaction. 

- SO5. Apply novel approaches that account for the non-linear relationship between 

attributes performance and overall service satisfaction. Investigate to what extent is 
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possible to combine explicit well-known methodologies for attributes evaluation 

with new approaches to generate new techniques for satisfaction evaluation. 

- SO6. Study the complexities underlying the relationship between explicit and 

implicit attributes' importance, with attributes performance to identify the key 

attributes for enhancing user satisfaction. 

Linked with the RQ3. Performance 

- SO7. To develop an explicative model with the most significant variables that 

influence use frequency, including the performance of the attributes identified in the 

SO6. 

- SO8. Quantify the overall effect of the factors and attributes on use frequency, to 

corroborate the prevalence of promoters and deterrent factors.  

- SO9. Provide detailed information on the explanatory factors to improve cyclability 

and e-BSS use in Madrid. 

 

Figure 6 Links between research questions and general objective 

Figure 6 illustrates the links between the identified research questions, objectives and 

thesis structure and content. By following this structure, the general objective is achieved. 

The next chapter introduces the Case of Study, the pioneer BiciMAD, the first city-wide fully 

e-bike-sharing system in the world deployed in Madrid, Spain. 
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Chapter 3 Case study & Methodology 

3.1. Madrid as a living lab for urban mobility  

Madrid Region has a population of 6.7 million inhabitants. The region is organized into 

smaller administrative municipalities of which the biggest in terms of population is the city 

of Madrid, with 3.3 million inhabitants (INE, 2022). 

The municipality of Madrid has a relatively high population density of 5,500 inhabitants 

per square kilometre. Moreover, the entire municipality has vast green non-urbanized areas 

such as Fuencarral - El Pardo, Casa de Campo and Juan Carlos I park, and the Barajas 

International Airport, which take up large portions of the municipality's surface (Figure 7). 

Therefore, the population density of the urbanized areas has even higher densities, which 

can easily reach 15,000 inhabitants per square kilometre. 

 

Figure 7. Green areas of Madrid municipality (Comunidad de Madrid, 2022) 

Over 7.7 million trips are made within the Madrid municipality during working days, 

rounding 2.45 trips per person (CRTM, 2018). Madrid has a robust public transport system, 
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with extensive subway and bus networks. The subway network is the third largest in Europe. 

Metro de Madrid, with 302 stations is the fifth largest in the number of stations and the 

thirteenth in network extension with 294 km in the world (Metro de Madrid, 2022). It has 

12 regular lines, one branch line connecting Opera with Principe Pio, and 3 light rail lines. 

Regarding system accessibility, nearly 50% of the Madrid municipality population has 

accessibility to the network within 600 meters. In 2019, previous to the COVID-19 

pandemic, the system moved over 677 million travellers. 

The municipal bus service is provided with 2,081 buses, serving 219 lines. The network 

covers 3,861.68 km in length and has 10,707 bus stops. This dense bus network provides 

Madrid's population with high accessibility since the entire municipality population has a 

bus stop less than 300 meters from home (Gutierrez-Puebla, 2013). The capillarity of buses 

complements the metro. In 2019, the system has moved 439 million travellers. 

The city's compactness, the strength of the public transport services and the innovation 

promotion strategy adopted by the municipality locate Madrid as one of the most relevant 

European capitals as living labs for urban mobility. Indeed, Madrid follows a path of 

permanent interventions aiming to achieve sustainable goals for a long time and at different 

levels. From 2014 when the public bike-sharing system BiciMAD was implemented, to the 

successful implementation of a Low Emission Zone and the later initiative “Madrid Green 

Urban Mobility Lab”, the city encourages sustainable mobility initiatives (Ayuntamiento de 

Madrid, 2021; Lead Project, 2022). In 2019, the Sustainable Urban Mobility Plan (SUMP) 

Madrid 360 (Estrategia de Movilidad Sostenible) was implemented, aiming to achieve more 

sustainable mobility. As part of this strategy, the new Ordenanza de Movilidad Sostenible 

(Sustainable Mobility Ordinance) was published recently (September 2021), responding to 

social, economic, environmental, cultural, technical and technological changes related to 

mobility. It prioritises the health and physical integrity of citizens by improving air quality 

and road safety, promoting multimodality and the use of public space, through efficiency 

and innovation. It goes hand in hand with other ordinances, such as Protección contra la 

Contaminación Acústica y Térmica (OPCAT) (Protection against Noise and Thermal Pollution) 

and the recently approved Calidad del Aire y Sostenibilidad (OCAS) (Air Quality and 

Sustainability). On 10th February 2022, the Junta de Gobierno de Madrid (Governing Board 

of Madrid) approved the new Plan de Movilidad Sostenible Madrid 360 (SMP Madrid 360). 

This new mobility policy planning instrument has 2030 as a horizon aiming to promote the 

four 'S's of mobility: Sostenible, Segura, Saludable y Smart (sustainable, safe, healthy and 

Smart). The plan sets these main objectives for 2030: to reduce travel time on public 

transport by an average of 32.5 %; to reduce traffic congestion by up to 10 %; to reduce CO2 
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emissions by 65 % compared to 1990 and to reduce road fatalities and serious casualties by 

50 %. At the regional level, there is Plan Estratégico de Movilidad Sostenible de la Comunidad 

de Madrid 2013-2025 (Strategic Plan for Sustainable Mobility of the Community of Madrid), 

which has objectives aligned with Madrid 360 (Ayuntamiento de Madrid, 2019a). 

 

Figure 8. The modal share of Madrid city. (Comunidad de Madrid, 2018) 

Nevertheless, some special characteristics, such as the lack of extensive cycling 

infrastructure, the hilly topography (differences in elevation of up to 200 m), hot summers 

and rather cold winters make it less attractive for cycling (Muñoz et al., 2013). Madrid city 

modal share is well balanced, with a higher share of public transport and active modes than 

private motorized vehicles. Although the active mobility share of 38.8% is relatively high 

(Figure 8), (attributed to the high density and mixed uses of the city's central districts), the 

modal share of cycling in Madrid is low. Only 0.5% of the daily trips are done using a bicycle 

(Comunidad de Madrid, 2018), compared with other European capitals (Noussan, 2019). 

Aiming to increase the cycling share and visibilize cycling, BiciMAD was introduced back in 

2014. The system is described in detail in the next section. 

3.2. BiciMAD as a fourth-generation e-BSS case of study 

BiciMAD is Madrid’s public BSS. It was implemented on June 23rd, 2014, relatively 

recent compared with other European capitals. As Fishman et al., (2014) anticipated, electric 

bicycles were going to become a fundamental piece of modern BSS, and Madrid was the 

first city to introduce a city-centre-wide fleet of pedal-assisted bicycles in Western countries 

in 2014 (Munkácsy & Monzón, 2018), an e-BSS. The demand-responsive system comprises 
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state-of-the-art elements such as bicycle redistribution innovations (automated 

technologies, incentivizing user-based redistribution, etc.), travel cards integrated with other 

transportation modes (public transport, car-sharing, etc.), bicycle GPS tracks, stations 

provided with solar power panels, touchscreen kiosks and online apps offering real-time 

information, such as availability of bicycles and docking stations. 

The deployment of BiciMAD represented one of the most important interventions 

introduced in the city to foster cycling. Aside from the construction and adaptation of 

segregated cycling infrastructure of roughly 282 km (MITECO, 2020), and the introduction 

of prioritization schemes in the city centre for cyclists and pedestrians (Ayuntamiento de 

Madrid, 2019b). Also, recent campaigns are being deployed for raising awareness of the 

benefits of walking and cycling, jointly with major policy measures intended to reduce 

private car usage. 

BiciMAD business model started as a public service provided by a private operator. 

Shortly after the implementation, the service suffered severe vandalism. These problems 

lead the former operator to declare bankruptcy, and the service passed to be operated by 

the Municipal Transport Company (EMT Spanish acronym). More details are described in 

the next section.  

The objectives of BiciMAD (Ayuntamiento de Madrid, 2014) are: 

• To offer a healthy and clean transport alternative to the citizens 

• Increase the ratio of active mobility without reducing the number of walking trips in 

the city, which is rather high 

• Reduce the use of private cars in the city centre 

• Encourage citizens to cycle 

BiciMAD was one of the first demand-responsive fully electric systems in the world 

(Munkácsy & Monzón, 2017). Some of the general characteristics that define the system are 

the following: 

• The whole fleet is GPS-tracked.  

• The electric engine activates only when the cyclist is pedalling, providing assistance 

on three levels (low, medium, high) up to 25 km/h. Beyond this speed, the bicycle 

works as a regular bike. 

• Minimum fee per use of €0.50, including the 30 first minutes. Subscribers should 

charge their balance accounts in advance, of which the basic fee of 0.50 € is 

deducted, in addition to the proportions of half hours used. Bikes could be unlocked 



Chapter 3 Case study & Methodology 

37 
 

with the subscription card, the public transport card or a QR code. The system is 

demand-responsive and fully integrated into the public transport system. 

• Occasional user scheme, with a 2€ fee for the first hour and subsequent 4€ or fraction 

(available for tourists). 

• User-based redistribution rewards users by applying a discount of €0.10 for taking a 

bike from a full station and €0.10 for returning it to an empty station. 

• The user interface is fully supported by online mobile applications and solar-

powered totems at the stations. 

Notice that the fares for occasional use nearly match the fares of daily rental bikes. This 

was intended to prevent discretional use, avoid competition with rental companies, and 

promote it as a frequent commuting alternative. 

Although the system is mainly station based, a small number of free-floating bikes have 

been introduced in September 2020. The service branded as BiciMADgo deployed 454 

bicycles that operate without stations, with a fare of 0.19€/hour. 

3.2.1. User schemes 

It is possible to use the service under two modalities: 

- Subscribers are frequent users who pay an annual fee of €25 (€15 if they are public 

transport pass holders) and a basic fee of €0.50 for each half-hour use. The general 

characteristics of BiciMAD subscribers are (Ayuntamiento de Madrid, 2017): 

• 35% women, 65% men 

• 30% between 14 (minimum age for registration) and 30 years old, 40% between 30 

and 40 years old, and 30% older than 40 years old 

• 85% have a university degree, 13% general certificate of education or vocational 

studies, and 2% have primary or secondary studies 

- Occasional use scheme, with a 4€ per hour pay-by-use fee structure. This scheme is 

intended to match the price per hour of the tourism companies offering bicycle renting. The 

fare structure is intended to offer potential subscribers the possibility to try the service for 

commuting purposes, but not for tourism or leisure.  
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3.3. BiciMAD system follow-up and research background 

The system was originally deployed in the inner and denser districts of Madrid, varying 

between15,000 between 30,000 inhabitants per km2. In the beginning, it was deployed with 

123 stations and 1,560 bicycles. The business model of BiciMAD as it was introduced was 

as a public service privately operated through a concessionary scheme.  

Due to the high innovation and novelty of the system elements, added to the high 

demand, some of the system elements had functional problems. One of the main issues was 

linked to the process of returning the bicycles, due to malfunctioning of the elements that 

work as anchorage and charging ports. This element has a double function, as a locker for 

the bicycle in the station and a charging port for the battery. Early users reported problems 

returning the bikes and finishing their trips, therefore they run out of their account balance, 

causing high dissatisfaction. The problems of unsuccessful anchoring also led to many bikes 

being stolen and vandalized provoking struggles of the private operator to maintain the level 

of service. Bicycles were difficult to recover since the GPS trackers had not enough accuracy 

to locate and return the bicycles to the stations. 

Roughly one year after the service implementation, due to financial struggles, the 

private operator declared bankruptcy, as it was unable to provide the agreed service quality. 

Madrid’s Public Transport Company (EMT, Spanish acronym) took over the operation of 

the service in October 2016 through a municipalization process. In the subsequent years, 

the system has progressively grown to other areas of the city. 

The major investments to overcome the initial issues were dedicated to increasing user 

satisfaction and service quality. These included the replacement of the GPS sensors for 

better quality equipment, which allowed tracking of the bicycle's location and redesigning 

the anchoring system. The first was to identify the location of each unit in case of being 

stolen and the second due to repeated unsuccessful bicycle returns. Thus, the balance on 

users’ accounts was consumed as their trips never finished. This also led to the vulnerability 

of bicycles as they were easily stolen or vandalized. By 2019, the last year previous the strike 

of the COVID-19 pandemic, the system reached a mature stage with 258 stations and 2,964 

bicycles. 

Regarding the number of users, two years after the service implementation, it reached 

65,000 subscribers, a number that remained stable until the end of the strict lockdown 

declared in Spain, as a consequence of the COVID-19 pandemic, that severely affected 

mobility patterns worldwide in 2020 (WHO, 2020c). Some of the few outdoor activities 
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allowed in Madrid during the first stages of the de-escalation of the lockdown were walking 

and cycling, with limitations, such as the maximum distance of 1 km from home and by 

turns, depending on age groups (PIXEL, 2020). During this period, BiciMAD gained nearly 

15,000 new subscribers, representing a good opportunity for system expansion. 

 

Figure 9 Milestones in BiciMAD evolution 

Figure 9 sketches the number of subscribers over the years, indicating the main 

milestones in the history of BiciMAD. The maps included in the figure point out the stations 

in the districts of Madrid. 

In the next section of this work, the evolution of the performance indicators of BiciMAD 

is described. 

3.3.1. System performance 

The system quickly gained popularity during the first years, until it reached 65,000 

subscribers, then due to the pandemic, the number almost reached 80,000. Nevertheless, 

BiciMAD reached a performance peak, as well as many other bike-sharing systems 

worldwide. This peak could be understood in terms of two of the most common indicators: 

the number of trips per day per bicycle (TDB), and the number of subscribers or frequent users 

of the service. Therefore, it is required to evaluate the factors influencing the system's 

evolution to maintain and improve performance (maximizing its positive effects), and most 

importantly, avoid service termination. For that purpose, this doctoral thesis conducts a 
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longitudinal examination of Madrid’s BSS evolution, required to understand the system's 

flaws and success factors that may influence the system's future.  

Aside, the service operator had announced important service extensions, to reach new 

areas of the city and to raise the number of available bicycles. The system administration 

claims that the expansion is important to increase service performance, but, to what extent 

is it true? or are there other system elements that could be improved to increase the 

performance? To address this matter, this thesis granularly analyses the system attributes, 

such as bicycle maintenance and battery, station functioning, or mobile APP, to quantify 

their influence on user satisfaction, which is directly related to performance. 

The first described indicator is market penetration (MP). MP was calculated based on 

the information on the population of the service influence area and the service demand. The 

results of these estimations are expressed in the number of trips every 40 residents following 

the recommendations of BSS planning guides. 

The population (Pop) of the service area (42.53 km2) was estimated at 1,038,054 

inhabitants and the average daily trips (ADT) is nearly 9,000.  

 
𝑀𝑃 =

𝐴𝐷𝑇

𝑃𝑜𝑝
∗ 40 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠 (1) 

The estimations of market penetration result in 0.35 trips per 40 residents. The current 

market penetration of BiciMAD is below the reference values suggested by the 

implementation guides (Gauthier et al., 2014a). Nonetheless, it is required to highlight the 

elevated density of the districts where the service is implemented. Therefore, the number 

of residents compared to the number of trips is much higher, resulting in a low value of 

market penetration. In the same way, there is an accentuated seasonality of demand 

observed in other studies (Talavera-Garcia et al., 2021), which is higher during spring and 

autumn (Figure 10). While the average daily trips are 9,000, this indicator can easily surpass 

17,000 during peaks, resulting in roughly seven uses per 40 residents. 

The variation of the demand displayed in Figure 10 shows that during low seasons, the 

service is roughly used 4,000 times a day, whereas this demand is quadrupled during high-

demand periods. 
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Figure 10 Evolution of the daily usage of BiciMAD and number of subscribers 

The number of registered users steadily increased for two years since the inauguration 

of BiciMAD in 2014, reaching nearly 70,000 by July 2016. During this initial stage, citizens’ 

expectations of the service were high, and the demand exceeded previsions. By October 

2015, the service reached its first peak in demand. The system had to support nearly 16,000 

daily trips with almost half of the stations and bicycles it has nowadays. The high pressure 

over a young and complex service led to the system malfunctioning. Bicycle returns at the 

stations were not completed due to failures in the anchoring system. Therefore, the end of 

the trips was not registered, and the user’s account balance was consumed, deriving in 

severe user complaints and vulnerable bicycles prone to be stolen. Consequently, the 

demand dropped and did not recover until autumn 2017, when it again reached the 

threshold of 14,000 daily uses. 

By October 2016, the concession was cancelled, and the service was municipalized. 

New investments solved the abovementioned problems, and periods of cyclic demand 

started, with two peaks each year, one in the spring and another in the autumn of every 

year, being the second highest. These peaks in demand have been progressively higher year 

after year until the strike of the COVID-19 pandemic. Spain was one of the countries that 
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were severely affected during the first wave, forcing the government to impose a strict 

lockdown aiming to reduce the spread of the disease (Awad-Núñez et al., 2021). Since 

people were not allowed to go out for anything other than essential grocery shopping and a 

few other activities, the system closed from March 16 to April 22 (Roces, 2020). 

Notwithstanding the notorious increase in registered users after the strict lockdown, the 

number of daily users did not exceed the maximum values of 2019. The next drastic drop 

in demand was in January 2021, when the strongest snowstorm registered in Madrid’s 

recent history paralyzed the entire city, and therefore the lowest demand was due to climate 

conditions (Sánches, 2021).  

The TDB indicator depends on the number of bicycles that are available in the system 

and the total trips made during a given day. During the first 18 months, the demand grew 

to such a level that the limited number of bicycles and stations were unable to provide 

appropriate service. Therefore, TDB in October 2015 almost doubled the value 

recommended in the literature (Figure 11).  

 
𝑇𝐷𝐵 =

𝐴𝑣𝐵𝑖𝑘𝑒𝑠

𝑇𝑟𝑖𝑝𝑠
 (2) 

 

Figure 11 Evolution of TDB over the years 
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The high pressure in the system, associated with the described malfunctioning, led to a 

reduction of the available bicycles and a progressive demand drop, deriving in the lowest 

performance of the service during the upcoming months, until the end of 2016. 

After the peak generated by the initial demand and the low-performance period in 2016, 

the system reached a stabilization in performance at the beginning of 2017. Since then the 

service kept an average performance of 5 TDB. The days of better performance match with 

the demand peaks. The maximum pre-pandemic values slightly exceeded 8 uses per day, 

indicating good service performance. 

To complement the analysis of the data directly provided by the operator, a series of 

surveys were conducted aiming to obtain the perception of the service features by 

individuals, the cycling infrastructure and the factors influencing bike-sharing use among 

others.  

3.3.2. BiciMAD Research background 

Since the introduction of BiciMAD in Madrid, the service attracted the attention of 

multidisciplinary researchers eager to evaluate and investigate the different dimensions of 

a novel transport system. The doctoral theses with partial or complete focus on BiciMAD 

are described next, to provide insights into the research conducted so far. Only doctoral 

theses and indexed research publications are cited. 

Aware of the implementation of the system, Munkácsy, (2017) conducted a doctoral 

thesis aiming to (1) review the circumstances that influence the transition towards the 

generalized use of bicycles, detailing the evolution of bike-sharing systems in cities, (2) 

analyse the influence of the novel technology of pedelec bicycles through user and non-user 

statistical methods and (3) profiling the user of BiciMAD, according to the adoption process 

and its impacts on mobility. The thesis contemplates three publications: 

- Munkácsy, A and Monzón, A (2017): Potential User Profiles of Innovative Bike-

Sharing Systems: The Case of BiciMAD (Madrid, Spain). Asian Transport Studies  

- Munkácsy, A and Monzón, A (2017): Impacts of Smart Configuration in Pedelec-

Sharing: Evidence from a Panel Survey in Madrid. Journal of Advanced 

Transportation. 

- Munkácsy, A., & Monzon, A. (2018). Diffusion of Bike Sharing as an Innovation 

Vector in the City: The Case of BiciMAD (Madrid). Journal of Urban Technology. 
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Later, Velázquez, (2019) presented a doctoral thesis framed in the context of the 

popularization of the Smart City concept and the massive eruption of IT-based urban 

mobility solutions in our cities. In the thesis, explore the adoption behavioural factors 

underlying the adoption of smart mobility solutions. One of the three behavioural studies 

presented in this research is focused on BiciMAD and hypothesizes that the use of an 

assisted pedalling bike-share system is related to user satisfaction with the system and 

vehicles. This is motivated by personal technology affinity and the perceived importance of 

the level-of-service (LOS). The results derived in the scientific publication: 

- Velazquez, G., Kaplan, S., & Monzon, A. (2018). Ex-ante and ex-post evaluation of a 

new transit information app: Modeling use intentions and actual use. Transportation 

Research Record. 

More recently, in his PhD thesis, Romanillos, (2019) explores cycling mobility across 

the city. The main objective is to collect, visualize, analyse and model BiciMAD users' routes 

and the distribution of cycling flow across the urban street - network, with the aim of 

reaching a better understanding of cyclists’ behaviour and cycling mobility patterns in cities. 

The thesis was concluded with some remarkable publications: 

- Romanillos, G & Zaltz-Austwick, M., (2016) Madrid cycle track: visualizing the 

cyclable city, Journal of Maps 

- Romanillos, G., Moya-Gómez, B., Zaltz-Austwick, M. & Lamíquiz-Daudén, P (2018) 

The pulse of the cycling city: visualising Madrid bike share system GPS routes and 

cycling flow, Journal of Maps 

In some way, these former research works helped to identify the current research lines 

adopted in this thesis. The next section describes the methodology used for every data 

collection campaign, in addition to the qualitative assessment methods used and combined 

to achieve the objectives of this work. 

3.4. Data collection methodology 

3.4.1. Capturing users’ perception along BiciMAD evolution 

This research is based on a dataset collected in a series of surveys conducted to monitor 

the evolution, service quality and main changes in the system. A total of four surveys using 

the same methodology and partially common questionnaires were launched over the eight 

years of service implementation. The first survey (ex-ante), conducted as part of a panel, was 

conducted in 2014, with 1,859 responses, followed by a second one in 2015 (ex-post), with 
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430 responses., and the third in 2016, with 336, three years later, the fourth in 2019, with 

5,218, and the latest, in 2021 with 3,106 valid responses, which is an undergoing research. 

In Figure 12 is possible to observe the stage at which every survey was conducted, in 

association with the principal topics covered, milestones in BiciMAD evolution and the 

number of responses obtained. 

 

Figure 12 Milestones in BiciMAD research 

Stage 1 – User intention Vs. Adoption:  

This stage is compounded by two surveys, the first ex-ante launched in 2014, before the 

system implementation, and the second one in 2015 as part of a two-waves before-and-after 

panel survey. The first wave was addressed to Madrid’s general population, to identify the 

relationship between the intention of use and real adoption, as well as to define the user 

profile. A total number of 12,000 people were invited to participate, achieving 1,859 

responses, with a response ratio of 15.5% (although, including partial responses, 2,040 

answers have been gathered).  

Nearly half of the participants were contacted in 2015 for the ex-post survey. In addition, 

2,000 cards were distributed among users in the vicinity of BiciMAD stations. A response 

rate of 21.5% was obtained, finally collecting 430 valid responses. 

Based on these results, Munkácsy & Monzón (2018) evaluated the differences between 

use intention and real adoption and classified the user adopters according to the Theory of 

Diffusion of Innovations into earliest adopters (innovators and early adopters together), early 

majority, late majority, and laggards. 

Stage 2 – Consolidation – Pedelec effects:  
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The third wave, launched in 2016, added the objective of exploring the effects of the 

electric pedalling assistance -pedelec- on travel patterns. Respondents from the previous 

surveys were contacted, in addition to another wave of survey card distribution. Surveyors 

had to stop people randomly in the vicinity of service stations, addressing both actual users 

(frequent and occasional users, 75%) and non-users (25%). In total, 2,000 cards were 

distributed and a 16.6% response ratio was obtained, achieving 336 responses. The survey 

had four sections: (1) general bicycle use, (2) general mobility patterns, (3) evaluation of the 

BiciMAD elements and pedelec assistance, and (4) socioeconomics. 

Stage 3 – Maturity and evolution:  

The fourth survey, conducted in 2019, intended to evaluate the maturity and evolution 

of the system after the municipalization. In addition to the 2016 survey sections, this survey 

included the evaluation of importance/satisfaction with the system attributes and 

perceptions of other soft mobility options (free-floating bicycles and electric scooters) that 

could compete for the same market share. By the end of the seven days campaign, 1,007 

responses were recorded on the Survey Monkey platform. The surveyors delivered 7,300 

cards of the 8,000 that were originally planned, accomplishing 91% of the set objective. The 

response ratio was 14%. The data collection campaign was complemented with the online 

distribution of the survey to nearly 60,000 system subscribers by the service operator. From 

this merely online distribution, we have obtained additional 4,211 responses. 

Stage 4 – COVID-19 effects:  

The fifth survey was launched in 2021 aiming to evaluate the effects of the COVID-19 

pandemic on the user behaviour and mobility patterns of service users. The survey also 

contained specific questions focused on evaluating the user perception of BiciMADgo, the 

dockless modality of the service implemented in 2020. The results of this survey are still 

being analysed. 

It is not possible to compare all the surveys described in the longitudinal analysis for 

several reasons. First, the ex-ante 2014 survey was deployed before the system 

implementation, therefore, the respondents were not able to evaluate the factors or 

attributes influencing cycling. Hence, the ex-ante 2014 survey was dismissed for comparison. 

Second, in the 2021 survey, some sections were updated to include the effects of the 

COVID-19 pandemic on use patterns, therefore, several factors fail to be comparable with 

those in the 2015-2019 surveys. It is also likely that the strike of the pandemic will 

significantly affect the mobility patterns of users (and non-users), therefore, including cycling 

perceptions and ignoring the effects of the pandemic might compromise the results. Thus, 
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for most of the longitudinal analysis conducted in upcoming sections, only 2015 to 2019 

surveys are considered. 

3.4.2. Hybrid data collection method 

The methodology used for all survey campaigns was specifically developed for 

capturing answers from transport users under complex situations (Monzon et al., 2020a). 

The hybrid method combines the advantages of personal intercept interviews (face-to-face 

interaction) with Computer Assisted Web Interviews (CAWI) to fulfil the basic requirements 

of a survey, good data quality, representativeness, and minimal costs.  

The method consists of three phases represented in Figure 13. One of the main 

advantages of the methodology is the possibility to control the sample representativeness 

in real-time, and adjust the card delivery in the upcoming days of the campaign. The three 

phases of the survey are: 
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Figure 13 TRANSyT hybrid method (Monzon et al., 2020b) 

I) First, the survey design and survey define the survey objectives and outline a proposal 

of the main topics. A draft questionnaire is then developed including revealed and/or 

stated preferences, ranking questions, etc., on a survey development tool such as 

Google Forms, MS Forms or Survey Monkey. 

II) Second, to capture and motivation of the representative sample the interviewer 

intercepts “on-site” a potential respondent and provides a short speech of 30 to 120 

seconds to motivate the survey fulfilment. In this interview, a survey card with key 

information and a unique access code to the online questionnaire is handed (Figure 
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14). Some basic information is recorded by the interviewer, like age, sex, location, 

date, etc.  

 

Figure 14 Survey card distributed to potential respondents  

III) Third, the respondent must fill the questionnaire online, either with a mobile device, 

tablet or computer. The respondent has several days to complete this stage, whenever 

is more convenient. During the speech, the respondent is advised to respond within 

one week from the reception of the survey card to complete the survey. Incentives 

(e.g., prize draw) are offered to motivate respondents to participate and improve the 

response rate. Once the survey campaign is closed, datasets should be cleaned for 

responses in patterns, responses that state only “very satisfied/very dissatisfied”, and 

any questionnaires that are answered unrealistically fast (straight-liners). Finally, the 

responses are stored in a database hosted on the same server as the questionnaire. 

All the surveys conducted in the longitudinal analysis were done applying the hybrid 

method, but in the development of this thesis, special attention is put to the 2019 survey. 

This was the last year of “normal” conditions, before the strike of the COVID-19 pandemic 

and therefore, this is the chosen year for the transversal analysis, to identify key service 

attributes. Due to these reasons, the next section describes the special characteristics of this 

survey. 
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3.4.3. 2019, the last “normal” survey  

In early 2019, five years after the implementation of the system and several expansions 

and system improvements, TRANSyT-UPM launched the fourth survey in the series. The 

self-financed research aimed to study occasional users, subscribers and non-users' 

intentions, perceptions, attitudes and behaviour, linked to Madrid’s public bike-sharing 

system BiciMAD. This was the last year before the strike of the COVID-19 pandemic, 

therefore the last data collection campaign free of the effects of risk of contagion 

perceptions.  

The main objectives of the survey were to explore the perceived importance and 

satisfaction with the elements of the system to evaluate its performance. In addition, to study 

the effects of the competition, since other dockless bike-sharing systems were introduced 

in Madrid. 

The survey was composed of 3 general sections (Figure 15): A) General mobility, B) 

BiciMAD and other soft mobility options, and C) Socioeconomic questions. Section B 

captured detailed information regarding (1) importance/satisfaction with the system 

elements, (2) factors influencing the use of the bicycle, (3) effects of Madrid’s infrastructure 

and the recent introduction of the Low Emissions Zone “Madrid Central”, in addition to 

other policies supporting cycling, (4) new soft shared-mobility alternatives (free-floating 

bicycles and electric scooters), and (5) socioeconomic questions. The survey was designed 

focused on evaluating the system perception of the three different user profiles: frequent 

users (subscribers), occasional users, and no users and the number of questions varied 

depending on the user profile. The average completion time was 17 minutes. The survey 

had a tree structure in which the number of questions might vary depending on the user 

profile. 

The data collection campaign lasted seven days, from the 15th to the 22nd of May. By 

the end of the campaign, 7,300 cards were distributed on seven days by 11 pairs of 

interviewers. The 22 required interviewers covered the entire BiciMAD operating area to 

obtain a representative sample of the different city districts. The interviewers worked in 7.5 

hours shifts, with one half-hour break, covering the highest demand periods of the day. From 

7:00 to 14:30 and from 14:30 to 22:00. 

During peak hours, interviewers were instructed to address people of both sexes and 

all ages, focusing on service users who approach the stations to pick up or drop off a bicycle. 

During the off-peak hours, since the demand is lower, longer periods without users allowed 
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interviewers to address non-users to capture their perception of the service. To do so, 

interviewers were asked to deliver cards to passers-by, explain the research project, and 

motivate them to participate. 

 

Figure 15 2019 survey structure 

Based on the literature review related to factors and system attributes, Respondents 

were asked to assess the factor and attributes importance and satisfaction based on a Likert 

scale from 1 to 5. 1 - not (important/satisfied) at all; 2 - unimportant/dissatisfied; 3 - 

indifferent; 4 - important/satisfied; 5 - very important/satisfied. 

Once the data collection was completed, descriptive analysis to contrast the results 

with the general population of BiciMAD and the users’ profiles was conducted. The data 

collected in this survey serves to draw a transversal mapping of BiciMAD based on user 

perceptions of service attributes. The transversal mapping will be conducted by applying 
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the explicit and direct Importance Performance Analysis (IPA), in combination with the 

implicit three-factor theory (3FT). These methods and their combination are described in 

the next section. 

3.5. A combined methodology for the evaluation of user satisfaction 

Whilst there are broad studies evaluating BSS demand, design and operation, less 

attention has been paid to user satisfaction and the complexities underlying the relationships 

between system attributes and their effects on user satisfaction.  

Aiming to fulfil this gap, addressing the RQ2) Satisfaction assessment and the SO5) 

application of new methodologies/methodological contribution, this study proposes a novel 

combination of two methodologies for satisfaction assessment that allows decision-makers 

to identify the most influential system attributes on user satisfaction. The combined methods 

are the direct, explicit, Importance Performance Analysis (IPA), and the nonlinear, implicit 

Three-Factor Theory (3FT), which combined generate a three-dimensional scheme that 

facilitates the comprehension of the results. 

3.5.1. Explicit Importance-Performance Analysis 

Importance Performance Analysis (IPA) helps to identify attributes that require urgent 

attention, based on the conceptual foundations of multi-attribute choice models. The 

identification in categories is made by placing each attribute in quadrants of a two-

dimensional matrix, where performance (satisfaction) lies on the x-axis and explicit 

importance on the y-axis. The service attributes are divided into four groups depending on 

their performance (high/low) and importance to the customer (high/low). This distribution 

in quadrants produces four strategies represented in Figure 16. 

 

Figure 16 Strategy definition based on Importance-Performance Analysis. Adapted from Martilla 
& James (1977) 
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The attribute classification, according to each quadrant is as follows (Matzler et al., 

2003): 

- Attributes falling in Q1 are those evaluated high in satisfaction and importance. They 

represent opportunities for gaining or maintaining competitive advantages and are 

labelled as keep up the good work.  

- In Q2 are the attributes with low average performance and high average importance, 

hence the category focus on here. Service administrators should concentrate on these 

attributes to enhance overall satisfaction. If they are ignored, these attributes pose a 

serious threat to overall user satisfaction. 

- The attributes that fall in Q3 are both low in satisfaction and importance. There is no 

need to focus additional efforts on these attributes, which are labelled as low priority. 

- Finally, attributes that fall in Q4 are rated high in satisfaction but low in importance 

and labelled as possible overkill. This strategy suggests that resources are being 

committed to unimportant attributes that could be employed elsewhere.  

The matrix is built with data from customer satisfaction surveys (CSS). Users rate the 

satisfaction and importance of each of the service attributes on a scale, so each attribute has 

a coordinate on the matrix. The axes' intersection in the matrix is somewhat arbitrary 

(Sampson & Showalter, 1999). However, several authors have established the average value 

of both importance and satisfaction (Chen & Chang, 2005; Chou et al., 2011; Freitas, 2013). 

This research follows this criterion. 

Although IPA is considered a simple but effective tool, the assumption that the 

relationship between attribute performance and overall satisfaction is linear and symmetric 

undermines its complete validity for attribute assessment (Matzler et al., 2004). Recent 

research suggests that implicit importance is a better indicator for decision-making than the 

traditional explicit rating (Echaniz et al. 2019; Cao & Cao 2017). The assessment of implicit 

importance resulted in the identification of three types of attributes: basic, performance and 

excitement factors (Anderson & Mittal, 2000). This classification is known as the Three-

Factor theory, which is described in the next section. 

To classify the factors into categories, it is necessary to obtain the implicit importance. 

One of the most common technics is to conduct a statistical regression to obtain the factor 

implicit influence on overall satisfaction.  

3.5.2. Implicit evaluation of attribute influence on user satisfaction, the 

Three-Factor theory  
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The 3FT derives from the model of customer satisfaction proposed by Kano (1984), 

which suggests that service attributes fall into three categories, each with a different impact 

on user satisfaction (Figure 17 - left).  

 

Figure 17 The three types of factors (left) and the Importance Grid (right). Adapted from Kano 
(1984) and Vavra (1997) 

(1) Basic attributes cause dissatisfaction if poorly perform but do not lead to customer 

satisfaction if fully deliver. These dissatisfier attributes are minimum requirements. 

They are prerequisites that customers take for granted and are a necessity for basic 

satisfaction. 

(2) One-dimensional attributes cause satisfaction if fully perform and dissatisfaction if 

they do not. They correspond to the traditional concept of the linear and symmetric 

relation between satisfaction and performance. 

(3) Exciting attributes cause satisfaction if fully deliver but do not lead to dissatisfaction 

if they do not. These satisfier attributes are unexpected, generating delight when 

properly perform. They can serve as an added value to attract users. 

One method to classify attributes following the three-factor structure is the Importance 

Grid (Figure 17 - right). It is a quadrant analysis technic, similar to IPA, developed by IBM 

Consulting Group. It is a two-dimensional matrix that combines explicit (customer self-

stated) and implicit (statistically derived) importance. The implicit importance is obtained 

with a statistical regression, while the explicit is directly obtained with a satisfaction survey. 

The coordinates of each attribute in the grid are determined by the values of the statistical 

implicit and explicit importance for each attribute. The axes intersection is defined by the 

average values of the implicit and explicit importance. 

The before-mentioned methods offer valuable information for decision-making, 

nonetheless, partially incomplete. While IPA only identifies underperforming attributes, the 
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3FT categorizes them into their influence on overall satisfaction. In the next section, we 

describe the complementarity of both methods and their contribution to decision-making 

processes. 

3.5.3. Methods complementarity and combination framework 

Transport administrations usually have limited resources for service improvements and 

need the most accurate information to implement the best cost-effective measures. IPA is a 

useful method to easily identify the attributes that require urgent attention (those falling in 

Q2. Figure 1). These are explicitly important attributes that do not perform well, generating 

user dissatisfaction. Notwithstanding, if there are several attributes in this quadrant, there is 

no sufficient information to prioritize interventions on the attributes that could have a higher 

impact on user satisfaction and/or draw strategies targeted to specific user profiles.  

The importance grid technic classifies the service attributes in categories following the 

3FT structure by using the implicit (statistically derived) importance. Moreover, it does not 

provide information about the attribute performance since it only identifies the influence 

that each attribute has over user satisfaction. In both cases, attributes are classified into four 

quadrants. The axis intersection is defined by the mean values of explicit/implicit 

importance and satisfaction, there will always be attributes evenly distributed among the 

fourth quadrants. 

The difference between explicit and implicit importance is that the first is directly 

obtained with satisfaction surveys. The user is asked to assign a score on an importance 

scale to each attribute. The implicit importance, on the other hand, can be obtained with 

different methods. The most common is to conduct a statistical regression in which the 

dependent variable is the overall satisfaction, and the independent variables are the 

satisfaction scores assigned to each attribute. The implicit importance is related to the 

coefficients of the regression, being the most important of those with extreme values. The 

main difference is that while the explicit importance is a conscious rational value assigned 

by the user, the implicit is derived from the influence of each attribute on the overall 

satisfaction.  

Later methods use more sophisticated ways to classify factors, such as impact-

asymmetry analysis (IAA), Wu et al., (2020) suggest that “Although the three-factor theory 

captures the non-linear influence of service attributes on overall satisfaction and illustrates threshold 

effects, it does not consider the size of the influence when identifying improvement priority and 

classifying service attributes”. The application of IAA helps to classify attributes accounting for 
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the size of their influence on satisfaction, by identifying five types of factors: frustrators, 

dissatisfiers, hybrid, satisfiers, and delighters. Although IAA generates a more granular 

classification, the factors are an extension of the 3FT since the first two are basic factors and 

the last two are excitement factors. Following this research line, several studies applied IAA 

and gradient boosting decision threes (GBDT) to examine a variety of user satisfaction 

topics, such as, elderly and public transport (Lan et al., 2022), bus and BRT riders (Fang et 

al., 2021; Wu et al., 2020) and neighbourhood and urban planning (Cao et al., 2020; Dong et 

al., 2019). We, aware of the limitation of using the 3FT alone, mixed implicit and explicit 

importance with attribute performance to graphically identify attributes’ relationship with 

satisfaction. This combination is aligned with the IAA since it provides a prioritizing scheme 

accounting for the size of the attribute's influence on satisfaction 

Since IPA and the 3FT share the explicit importance axis, it is possible to combine them 

into a three-dimensional scheme. The results provide complete information on the low-

performance attributes, their explicit and implicit importance, and their relationship to user 

satisfaction. Further details of the combined method are developed in the next section. The 

method combination is displayed in Figure 18. 

 

Figure 18 Combined method for attribute performance assessment 

3.5.3.1. Procedure 

The sequential procedure followed was:  

The attributes included in the survey were specially selected for the case study 

characteristics, following literature recommendations. Once the survey has been conducted 

and the data has been cleaned, the next step is the attribute appraisal. 
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First, an IPA was conducted with the average satisfaction on the x-axis and average 

explicit importance on the y-axis of each attribute. This step generates the first two-

dimensional plane, which classifies the attributes as described in Section 3.5.1, identifying 

those underperforming. Second, to classify the attributes based on the 3FT, we obtained the 

derived importance, by conducting an ordered logistic regression which is described next 

section. 

The second two-dimensional plane is built with the explicit importance on the y-axis 

and the implicit importance on the z-axis, as shown in Figure 18. Since both planes share the 

explicit importance in the y-axis, it is possible to combine them to form a three-dimensional 

configuration in which is possible to identify the attributes that need urgent attention, and 

then, prioritize those with extreme implicit importance. The coordinates of the attributes in 

the three-dimensional scheme are a projection of the average value of satisfaction (x-axis), 

the average value of explicit importance (y-axis) and the implicit importance (z-axis) 

statistically obtained in the model. 

The combination serves to easily identify the key elements for the enhancement of user 

satisfaction, which could then be formulated into targeted measures. The attributes in a 

three-dimensional scheme provide another dimension to the traditional IPA. 

3.5.3.2. Ordered logistic models 

Due to the categorical nature of the satisfaction variables, it is required to apply 

adequate statistical instruments to find the derived importance required for the combined 

method proposed. Hence, in this section, the ordered logistic regression is further described.  

The ordered logit model (also ordered logistic regression or proportional odds model) 

is a regression model for an ordinal response variable. First considered by McCullagh, 

(1980), the model is based on the cumulative probabilities of the response variable: in 

particular, the logit of each cumulative probability is assumed to be a linear function of the 

covariates with regression coefficients constant across response categories. These linear 

models are shown to be multivariate extensions of the generalized linear model. Next, a 

short formulation of ologit models is described, extracted from UCLA: Statistical Consulting 

Group, (2021). 

Let Y be an ordinal outcome with J categories. Then P(Y≤j) is the cumulative probability 

of Y less than or equal to a specific category j=1,⋯, J−1. Note that P(Y≤J)=1. The odds of 

being less than or equal to a particular category can be defined as: 



Explanatory factors for improving performance on bike-sharing systems 

58 
 

 𝑃(𝑌 ≤ 𝑗)

𝑃(𝑌 > 𝑗)
 (3) 

For j=1,⋯, J−1 since P(Y>J)=0 and dividing by zero is undefined. Alternatively, it is 

possible to write P(Y>j)=1–P(Y≤j). The log odds is also known as the logit, so that: 

 
𝑙𝑜𝑔

𝑃(𝑌 ≤ 𝑗)

𝑃(𝑌 > 𝑗)
=  𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 𝑗)) (4) 

The ordinal logistic regression model can be defined as: 

 𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 𝑗)) =  𝛽𝑗0 + 𝛽𝑗1𝑥1 + ⋯ + 𝛽𝑗𝑝𝑥𝑝 (5) 

for j=1,⋯, J−1 and p predictors. Due to the parallel lines assumption, the intercepts are 

different for each category but the slopes are constant across categories, which simplifies 

the equation above to: 

 𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌 ≤ 𝑗)) =  𝛽𝑗0 + 𝛽𝑗1𝑥1 + ⋯ + 𝛽𝑝𝑥𝑝 (6) 

Once the model was run on STATA 15 software, we estimated the implicit importance 

of each attribute by obtaining the odds ratio (OR) of the modelled coefficients, following the 

procedure described in Zhang's et al., (2015). 

 
OR = exp(β)-1 (7) 

The detailed interpretation of the implicit importance coefficients obtained with the 

ordered logit regression could be found in Abenoza et al., (2017). The axes intersection was 

defined by the average values of explicit and implicit importance and satisfaction for each 

attribute. The combined analysis and graphics were obtained using MATLAB R2021a 

software. 
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Chapter 4 Longitudinal analysis. Key factors 

for the system's success 

This chapter presents an evaluation of the longitudinal evolution of user perceptions of 

several factors influencing the use of BiciMAD. The user perceptions were captured on a 

series of surveys conducted from 2014 to 2021 that are described in detail in Chapter 3. The 

main outcome of this chapter is the identification of the key influential factors of BiciMAD 

success, and the long-term effects of the service implementation on the mobility patterns of 

users. Figure 19 illustrates the series of surveys and the number of responses obtained. 

 

Figure 19 Survey series for the longitudinal analysis of BiciMAD 

The survey conducted in 2014 was part of an ex-ante/ex-post study, therefore only a few 

questions regarding the sociodemographic characteristics of the sample are compared with 

the later surveys. The surveys from 2015 to 2019 are comparable in many additional factors 

that are described in the following sections, ranging from exogenous factors influencing 

cycling, to the endogenous attributes inherent to the BiciMAD system. The 2021 survey has 

been updated to evaluate the COVID-19 pandemic's influence on shared bikes. Therefore, 

the groups of factors do not completely match those in the former questionnaires and are 

not directly comparable anymore.  

We based the comparative analysis on the five groups of factors influencing cycling 

identified by Heinen et al. (2009). Since BSS have special features that differentiate them 
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from ordinary cycling, we propose an additional group described in Section 2.2, dedicated 

to the evaluation of specific factors related to BSS. Some specific factors are common with 

the original five proposed by Heinen et al. (2009), such as the BSS network characteristics, 

which correspond to the built environment, in the same way, that fares for use correspond 

with the costs of cycling. 

Regarding the data analysis, for normally distributed continuous variables, the 

differences among years were compared and tested by applying t-tests. In the case of 

categorical data, we have applied Chi-square for comparison, testing for equality of 

percentages for each survey. Further description of the application of these statistical tests 

is conducted in the research work of Newton et al., (2014). In the next section, we analyse 

the evolution of the system from the perspective of the six groups of factors. This analysis 

aims to identify the predominant factor responsible for the successful evolution of BiciMAD. 

4.1. Built environment factors 

Cycling infrastructure is one of the most influential examples of the built environment 

for cycling promotion (Orvin & Fatmi, 2021), at least during the early stages to provide users 

with a safety perception that encourages them to cycle, when the cyclists are not confident 

with sharing lanes with motorized vehicles. Dedicated cycling lanes, bicycle lanes, and 

normal streets shared with cars are the most common infrastructures of the built 

environment that are implemented in cities.  

In addition to the effect of the infrastructure factors on the BSS system, the importance 

assigned to different types of parking facilities is compared, since it is considered a key 

factor for current and potential cyclists (Heinen & Buehler, 2019). Infrastructures such as 

parking at leisure locations, parking and showers at work/school, and also the integration with 

public transportation are infrastructures contemplated in this section. 
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Figure 20 compares the evolution of the importance and satisfaction assigned to the cycling 

infrastructure of Madrid. Some of these infrastructures are considered must-haves for cycling 

enhancement in cities, such as cycling lanes and safe parking.  

Figure 20 Evolution of cycling infrastructure importance and satisfaction 

In general, subscribers assigned higher scores for importance than satisfaction to 

Madrid’s cycling infrastructures and the factors ranked with higher importance were rated 

with lower satisfaction. The segregated bike lanes were the most important infrastructure in 

2014, 2015 and 2016. This decreased in 2019, probably due to the implementation of new 

exclusive bike lanes and the familiarity of the cyclists with the traffic and drivers with 

cyclists. In 2014 there were no questions regarding satisfaction, presumably due to the lack 

of cycling infrastructure. 

Whatsoever, if we focus the lens on gender perceptions, some inequalities appear. 

Subscribers were asked in 2019 if they would make more use of the BSS with more and safer 

dedicated bike lanes (Figure 21). The results suggest that both genders would use it more, 

but women put more value on safer infrastructure indicating more risk aversion. We 

conducted an f-test to confirm the inequality of the variance and then performed a t-test 

confirming the significance of the difference between group means.  
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Figure 21 Use intention related to safer cycling infrastructure by gender 

Table 2 f-test variance of two samples 

 Men Women 

Mean 4.351 4.522 

Variance 0.942761514 0.705670874 

Observations 3353 1865 

Degrees of freedom 3352 1864 

F 1.335979064  
P(F<=f)  1.50366E-12  

Critic value F (one tail) 1.069935348  

Since P(F<=f)<0.05 unequal variances are assumed, then: 

Table 3 t-test for two samples assuming unequal variances 

 

More use with safer 
bike lanes (Men) 

More use with safer bike 
lanes (Women) 

Mean 4.35132717 4.521715818 

Variance 0.942761514 0.705670874 

Observations 3353 1865 

Degrees of freedom 4333  
t value -6.63465467  
P(T<=t) one tail 1.82644E-11  
t critic (one tail) 1.645205369  
P(T<=t) two tails 3.65287E-11 < 0.05 rejects equality 

t critic two tails 1.960511624   

This outcome indicates that a safer cycling infrastructure might encourage more 

women to cycle, likely reducing the big gender gap between subscribers. These results are 

aligned with Garrard et al., (2012) and Goodman & Cheshire, (2014), who suggest that the 
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significant gender inequity is present due to inadequate cycling infrastructure since it 

decreases the utility of cycling due to women being more risk-averse. 

The most important infrastructure over the years has been safe public parking facilities. 

Perhaps, cyclists are encouraged to purchase their own bikes, but the absence of safe 

facilities deters them from acquiring or using owned bikes (or e-bikes, which are even more 

expensive). Furthermore, the BiciMAD bicycles do not require private parking places, which 

helps to overcome this issue. 

Parking and showers at work and study places are gaining importance, presumably due 

to the popularization of cycling in Madrid. Thus, users assigned higher importance to better 

conditions in the facilities they regularly used. The integration with public transport is also 

considered important. In this regard, BiciMAD offers a reduction of subscription fees to 

yearly pass holders, as well as a demand-responsive system, with stations in the vicinity of 

public transport hubs. 

There has been a steady increase in satisfaction with all the infrastructures over the 

years. This might be due to a combination of familiarity with bicycle usage and the 

improvements done in the cycling facilities over the years, in particular, due to the 

investments made after the municipalization of the service. 

4.2. Sociodemographic evolution 

Sociodemographic factors are explicative variables for almost every cycling study. 

Mode choice studies include gender, age, and income as the most influential variables for 

bicycle use. Furthermore, their influence should be taken with caution as these variables 

could be affected by other unobserved effects due to the significant differences among 

countries and cities.  

In the case of BiciMAD, the most outstanding sociodemographic characteristic is the 

gender gap between male and female users and the fact that this has not significantly 

changed since 2015 (p value=0.646). Two-thirds of the users are men, an average of 64% 

compared with 36% of women. 

Notice that the sample characteristics of the 2014 survey are not directly comparable 

with the later years, since this sample represents the general population of Madrid’s central 

districts, while later surveys represent the population of service users. 

The branches that were selected to divide the age of BiciMAD users start at 14 years 

old since it is the minimal age to use the service (with an adult authorization). It is noticeable 



Explanatory factors for improving performance on bike-sharing systems 

64 
 

that all the groups over 35 years old had increased, possibly due to the natural ageing of the 

service population, who passed from one category to the next. Another reason could be the 

progressive acceptance of cycling as a safe and sustainable mode of transportation by the 

older population, encouraged by the progressive implementation of more cycling 

infrastructure. 

Table 4 Samples characteristics and their evolution 

Survey year 
(N) 

2014 
(1859) 

2015 
(430) 

2016 
(336) 

2019 
(5218) 

2021 
(3106) 

Gender (NS)      
Men 53% 66% 63% 64% 63% 

Women 47% 34% 37% 36% 37% 
Age ***      

14–24 26% 13% 8% 5% 7% 
25–34 30% 36% 41% 32% 29% 
35–44 19% 31% 30% 34% 31% 
45–54 16% 14% 15% 19% 20% 
55–64 6% 6% 6% 9% 11% 

>64 1% 1% 1% 2% 2% 
Academic degree ***      

Ph.D.  2% 5% 6% 5% 
Master  29% 34% 60% 38% 

Graduate 70%2 51% 45% 19% 40% 
Intermediate degree 10% 8% 6% 7% 8% 

Bachillerato  7% 8% 6% 6% 
Secondary 19% 2% 2% 1% 2% 

Primary 2% 1% 0% 0% 0% 

Occupation **      

Employee 2% 65% 71% 71% 70% 
Self Employed 19% 16% 15% 15% 14% 

Unemployed 70% 7% 4% 5% 5% 
Retired 10% 1% 0% 2% 2% 
Student 0% 10% 9% 7% 9% 

Significance of the variations, p value calculated using chi2. NS (not significative), * (p value< 
0.05), ** (0.01<p value) *** (p value<0.001) 

Variable chi2 Significance 
Gender  0.645941215 (N/S) 
Age  9.40528E-13 *** 
Academic degree 2.61405E-83 *** 
Occupation 0.005909199 ** 

Service users correspond to the more educated population segments. Since 2015, more 

than 80% of the users have a university degree and 85% of BiciMAD users have an income, 

 

2 In 2014 survey, all university degrees are grouped, making no distinction among Graduate, 
Master, or PhD. 
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either as employees or self-employed. It is noticeable that the percentage of students slightly 

decreased, while the retired slightly increased. Coherent with the ageing of the user profile. 

The samples of the three surveys closely adjust to the general characteristics of 

BiciMAD subscribers (population), reported by the operator (Ayuntamiento de Madrid, 

2017), which are: 

• 35% women, 65% men 

• 30% between 14 and 30 years old, 40% between 30 and 40 years old, and 30% older 

than 40 years old. 

• 85% have a university degree, 13% general certificate of education or vocational 

studies, and 2% have primary or secondary studies 

4.3. Psychological perceptions and natural environment 

The social norms, habits and attitudes influence cycling and have been more recently 

included in studies to explain the propensity towards cycling. Some attitudes like 

environmental awareness are promoters, while the perception of risk while cycling is a 

deterrent factor, nevertheless highly influential over the use. The factors related to the 

natural environment are also determinants for cycling, compared with others. Cycling is 

highly influenced by weather and hilliness, factors that are barely influential for motorized 

mobility. Figure 22 shows the evolution of some psychological and natural environmental 

factors. The seven factors evaluated are separated into three promoters (dashed green) and 

three inhibitors (dashed red). Price is independent, as it could be considered both, a 

promoter and inhibitor, since the low cost of maintenance and ownership of a bicycle are 

promoters, but the fares per use might be an entry barrier for BSS potential users. 
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Figure 22 Evolution of factor importance for bicycle and BSS use 

Subscribers and potential users of BiciMAD progressively pose higher importance to 

most of the factors since 2014 (before the system deployment). To have fun while riding was 

the factor with the lower importance in 2014, in the later years, this factor importance 

notoriously increased, indicating that potential users are not aware of how fun is to ride a 

bicycle until they try. Interestingly, all the inhibitor factors were assigned with higher 

importance before the service implementation and then reduced in the next two surveys 

until 2019. Seems that potential users have pre-established barriers that, once they are 

overcome, lose importance. The opposite effect is observed with the promoter attributes, 

that pre-use had lower importance than after use. Therefore, it could be outlined the 

importance of experimenting with cycling to overcome barriers and potentiate benefits. A 

trial period could potentially help to attract potential subscribers. The rest of the factors 

appear to have a proportional increase over the years, meaning that factors such as the 

street slope remain the less important and flexibility as the most important.  

The fact that the importance of the street slope is less compared with other factors could 

be conditioned due that BiciMAD is a fully electric BSS, then the effort needed for cycling is 
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less than with a normal bicycle, even in Madrid, with its hilly streets. Exposure to suffering 

an accident could be considered a characteristic of the natural environment while cycling.  

The most important factors are flexibility and good for the environment, both 

psychological promoters of bicycle usage. The first received the highest score for 

importance, likely explained by the absence of attachments, such as storage, helmet, parking 

space and 24/7 availability. These characteristics make BiciMAD one of the most flexible 

modes of transportation in Madrid city centre. The positive environmental perception of 

cycling is another psychological important factor for subscribers. The importance of this 

factor might be valuable to foster the use of bicycles by the promotion of the service as a 

green and sustainable way to move in Madrid. 

4.4. BSS characteristics, built environment and costs 

This section presents the evolution of some common attributes of the fourth generation 

of BSS systems, in addition to built environment characteristics such as network and stations 

and costs like fares. The factors identified were ad-hoc classified into four big categories, 

following literature recommendations, in bicycles, stations and network, fare structure and 

user interface. The network characteristics factors are related to the built environment, 

while the fares are related to the costs. To facilitate the interpretation of the results, the 

positive transitions are shown from poor to acceptable, and from acceptable to optimal on 

a colour-based scale. 

In this section we compare the surveys from 2015 to 2019, dismissing 2014 since it was 

launched pre-implementations of the service. The 2021 survey includes other system 

attributes not directly comparable with the ones in this study. 

Table 5 Evolution of satisfaction with system elements 

 Bicycles 

 Handling Pedelec Bike Design Maintenance 

 2015 2016 2019 2015 2016 2019 2015 2016 2019 2015 2016 2019 

Very 

dissatisfied 1% 2% 0% 1% 1% 0% 1% 1% 1% 37% 25% 6% 

Dissatisfied 6% 3% 4% 5% 5% 4% 13% 5% 10% 23% 40% 30% 

Indifferent 20% 21% 6% 19% 22% 5% 26% 36% 28% 24% 25% 15% 

Satisfied 41% 49% 69% 36% 41% 58% 37% 42% 50% 12% 7% 42% 

Very satisfied 32% 25% 21% 39% 31% 33% 23% 16% 11% 3% 4% 7% 

 Stations 

 Network extension Station separation Anchorage Bike availability 

 2015 2016 2019 2015 2016 2019 2015 2016 2019 2015 2016 2019 

Very 

dissatisfied 33% 12% 10% 9% 3% 2% 31% 28% 4% 38% 7% 5% 

Dissatisfied 25% 35% 46% 14% 14% 21% 20% 32% 23% 22% 17% 27% 
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Indifferent 23% 33% 8% 31% 38% 18% 22% 24% 14% 24% 40% 17% 

Satisfied 12% 14% 32% 34% 35% 52% 20% 11% 52% 12% 26% 47% 

Very satisfied 7% 6% 4% 13% 11% 6% 8% 5% 7% 3% 10% 5% 

 Fares 

 

Year subscription 

fare 

Half-hour fare 

(subscribers) 

Next hour fare 

(subscribers) 

Discount for a 

saturated station 

 2015 2016 2019 2015 2016 2019 2015 2016 2019 2015 2016 2019 

Very 

dissatisfied 19% 9% 5% 40% 15% 5% 35% 15% 3% 16% 8% 1% 

Dissatisfied 20% 17% 19% 17% 23% 17% 21% 14% 19% 14% 10% 4% 

Indifferent 24% 31% 15% 21% 33% 14% 23% 44% 27% 17% 36% 22% 

Satisfied 24% 27% 50% 14% 18% 53% 14% 19% 41% 30% 30% 47% 

Very satisfied 13% 16% 11% 8% 11% 12% 7% 8% 8% 23% 15% 26% 

 
Acceptable → Optimal 

Poor → Acceptable 

An increase in satisfaction with handling could be related to users’ familiarization with 

the bicycles over the years. The more they use the service, the more comfortable and easier 

to use they find the bikes. The increase in satisfaction with the pedelec (electric assistance) 

might be related to the expansion of the service to more spread areas of the city. This feature 

allows users to take longer trips across hilly itineraries. Bicycle maintenance evolved 

positively since not only the satisfied and very satisfied categories increased but also the very 

dissatisfied decreased. In line with the interventions of the new public operator. 

The improvement in user satisfaction regarding bike availability and anchorage 

functioning is also aligned with the investments made by the new operator, and one of the 

keys to success. The influence of these investments and improvements is noticeable in the 

performance increase after the municipalization. The satisfaction with the network extension 

remained equal in 2015 and 2016, nonetheless, noticeably increases by 2019, when the 

service almost doubled in stations and bicycles. A similar effect could be observed with the 

separation between stations. 

One of the most noticeable changes is in fares; the progressive acceptance of payment 

for the first half hour of use (0.50€). The percentage of very dissatisfied drops from 40% to 

5% while the satisfaction increases from 14% to 53%. The acceptance of the yearly 

subscription increases in acceptance as well, from 24% to 50% and reduces in very dissatisfied 

from 19% to 5%. These changes could be motivated by the improvement of other attributes, 

such as maintenance and bicycle availability since users feel pleased to pay for a BSS that 

delivers good service. The satisfaction changes on the next hour fare could be derived from 

the user’s use expectations with the real use. Probably, users considered an expensive fee, 

but since most of their trips are made within the first half hour, users are rarely charged with 
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this tariff. This is also a positive result because the best use of the BSS is for short trips and 

the increasing pricing scheme seems to be an efficient way to get this target.  

4.5. Key drivers for the successful evolution 

Many of the factors discussed in the previous sections were the determinant for 

achieving system maturity and success. Some of them were positive for maintaining the 

number of subscribers and encouraging new users, whereas others were deterrent factors 

that should be addressed to improve the system performance and cyclability in Madrid. 

Table 6 summarizes the factors that are listed and aggregated following the classification 

into the six groups of factors structure described in Figure 3, explaining their evolution and 

effects on service use. 

Table 6 Key factors driving the success of BiciMAD 

Group Key factor Evolution and influence over the success of 

the system 
Sociodemographic - Gender - No changes in gender distribution, with 65% men and 

35% women. The initial propensity of men for using the 
service was important in the first stages. The gender gap 
needs to be addressed to increase the number of users 
and promote equality. 

- Age - Ageing of the user profile, from the age group of 25–34 
to 35–44. The young early adopters changed into an 
adult, work commuter user profile. 

- Occupation - The transition of students to workers. Students 
decreased by 3 percentage points and worker users 
increased by 6 percentage points from 2015 to 2019  

Psychological - Flexibility 
(convenience) 

- The 24/7 open scheme, no helmet requirement, and no 
need for parking led users to consider flexibility as the 
most important factor since 2015, with 4.4/5 
qualification. 

- Good for the 
environment 

- Environmental awareness progressively increased from 
3.95 in 2015 to 4.5 in 2019. 

- Accident risk - The perception of risk accidents increased and became 
one of the most important factors. It was 3.61 in 2015 
and increased to 4.47 in 2019. 

Natural 

environment 

- Street’s slope - Notwithstanding the hilly streets in Madrid, the slope 
has been the lowest important factor for users over the 
years. Pedelec might reduce the importance of this 
factor 

- Weather - The predominance of sunny days in Madrid favours 
bicycle use. However, the importance of this factor 
increases, probably due to extreme temperatures (hot 
summers and cold winters). It was 3.6 in 2015 and 4.3 in 
2019. 

Built environment - Bike lanes - Dedicated bike lanes were the most important factor at 
the early stage (4.56). However, it later lost importance 
(3.65), which is coherent with the development of new 
cycling infrastructure and the familiarity of the cyclists 
with the traffic interactions. 

- Facilities at the 
destination (showers 
and parking) 

- The facilities related to bicycle use have gained 
importance since 2015, increasing from 3.35 to 4.08/5. 
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4.6. Positive effects of bike-sharing on user travel habits 

The goal of the BiciMAD service is to offer a healthy and clean transport alternative as 

well as to increase active mobility. By analysing the impact on the users’ mobility, we can 

draw some conclusions regarding the accomplishment of these objectives. The overall 

usage remains fairly homogeneous for most of the trip purposes with little variation. 

Concerning the influence of BiciMAD over the mobility habits of users, Figure 23 

displays the changes in the intensity of use of each transport mode since the users became 

BiciMAD subscribers. The scale in which such changes have been measured is divided into 

five categories, from much less to much more. The independence between years was tested 

by evaluating the significance of the differences with t and chi-square tests (p values<0.05 

for all the modes, Table 7). 

 

Figure 23 Changes in travel mode since the deployment of BiciMAD 
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Costs - Price - The importance assigned to the price of using a bike 
increased since its deployment, increasing from 3.41 in 
2015 to 4.35 in 2019. 

BSS characteristics - Maintenance 
- Anchorage system 

- The satisfaction with both attributes has increased since 
the company's municipalization. The very dissatisfied 
group reduced from 37% to 6% in terms of maintenance 
and from 31% to 4% for the anchorage system. 

Built environment-

BSS characteristics 

- Network extension - Satisfaction with the network has steadily increased. 
The continuous expansion of the network was the key 
measure for the success of the service. The satisfaction 
increased to 20% due to the continuous network 
expansion. 

Cost-related BSS 

characteristics 

- Fare structure - The fares for every use were progressively accepted. 
They accomplished the purpose of deterring users from 
using the service for short walkable trips. 
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Table 7 chi-square test for the significance of the differences between years 

Mode chi2 Significance 

Public transport 7,522E-25 *** 

Private car 0,0044576 *** 

Motorcycle 0,00087955 *** 

Own bicycle 0,00686548 *** 

Walk 2,32E-27 *** 

Since 2015, the number of users who declare using less public transport has reduced 

from 82% to 64%. This shows a positive effect since fewer people declare to use less public 

transport. This outcome is aligned with one of the main goals of the system, which is to 

provide a sustainable transport alternative without reducing the number of public transport 

users. The same positive effect could be observed on the upper side of the figure, as users 

progressively tend to use more public transport, from 2% in 2015 to 8% in 2019. 

There is a noticeable reduction in car usage, 40% of the users declare to use it less in 

2015 while 48% in 2019. On the upper side, the percentage of subscribers who increase their 

use remains steady, close to 1%. This is a remarkable positive effect of the service since it 

is helping in reducing private car usage, at least among subscribers, since it is not possible 

to generalize to the complete population. This reduction in private car usage by the 

subscriber is supported by other research on bike-sharing services (Krauss et al., 2022). 

A notorious increase has been seen in the use of private bicycles, from around the 3% 

in 2015 to 7% in 2019 (upper part of the graph). This effect is also noticeable in the lower 

part, as fewer users use less their own bicycles, from 39% in 2015 to 33% in 2019. This is 

one of the most important outcomes of the analysis since the use of own bicycles has slightly 

increased and the system discourages fewer people to use private bikes than before. This 

effect could be related to the drop in the use frequency of BiciMAD for work and study, from 

76% in 2015 to 71% in 2019, as more commuters are switching to their own bikes. 

The same effect as with public transport could be observed in the case of walking, which 

shows that the system discourages fewer people to walk, from 66% in 2015 to 46% in 2019. 

Further, in the upper part of the graph, the percentage of users who declared to walk more 

increased from nearly 5% to 15%. The combination of both is remarkably positive and 

aligned with the system objectives.  

Figure 24 shows the changes observed in the travel patterns since the deployment of 

the BiciMAD service. We asked users if their number of trips, travel distance, and travel 

time had changed since their subscription to the service. In this regard, there has been an 
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increase in the number of trips, from 29% in 2016 to 35% in 2019, whereas the travel 

distances had reduced from 23% in 2016 to 13% in 2019.  

A remarkable effect is observed in the reduction of the travel time of the users, 

decreasing from 72% to 55% between 2016 and 2019, aligned with the results of (Yang et 

al., 2018). The new bike lanes and priorities for bikers could explain this result. 

 

Figure 24 Evolution in travel patterns since the implementation of BiciMAD 

This analysis allowed us to identify some of the most influential factors in BiciMAD 

evolution. In the next chapter, we draw a cutting line in 2019, to investigate deeper the 

influence of endogenous system attributes on user satisfaction, and how interventions in this 

could improve the system performance. 
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Chapter 5 Role of system attributes on user 

satisfaction 

In this chapter, a cutting line is drawn in the year 2019 (Figure 25), to evaluate the 

system attributes performance and analyse their influence on user satisfaction. The aim is 

to identify the system elements which require concentrating efforts to increase user 

satisfaction in order to improve overall satisfaction. The results allow policy-makers to draw 

strategies to develop customer loyalty and attract new users.  

The focus on this year is due that it was the last previous the strike of the SARS-CoV-2 

virus deriving in the COVID-19 pandemic. Therefore, the travel habits and perceptions were 

not influenced by the risk of contagion. 

 

Figure 25 Transversal analysis 

To conduct the satisfaction assessment, a novel combination of two methodologies for 

satisfaction evaluation is proposed and applied. The combined methods are the direct, 

explicit, Importance Performance Analysis (IPA), and the nonlinear, implicit Three-Factor 

Theory (3FT), which combined generate a three-dimensional scheme that facilitates the 

comprehension of the results, providing another dimension of awareness to decision-

makers. 



Explanatory factors for improving performance on bike-sharing systems 

74 
 

5.1. System attributes for user satisfaction enhancement 

The 24 attributes listed in Table 8 included in the survey were selected ad hoc, following 

literature recommendations (Carrillat et al., 2007; De Oña & De Oña, 2015). Nonetheless, 

these attributes were specifically identified for Madrid’s system, and many of them are 

common in the 4th generation of BSS. Thus, valuable insights for other service providers and 

policy makers could be extracted. The attributes were divided into categories according to 

the system elements they belong to and were evaluated based on a semantic 1-5 Likert scale 

(Likert, 1932). The user satisfaction evaluation is conducted to identify the most influential 

system attributes that are key to strengthening the service value chain. 

Table 8 BiciMAD system attributes 

Category Attribute Description 

Bike 

1. Handling Bicycle manoeuvrability 

2. Electric pedal assistance 

(pedelec) 
Electric pedalling assistance 

3. Speed and power 
The intensity of the electric 

assistance 

4. Battery duration 
If the charge of the battery is 

enough to complete a trip 

5. Bike design and ergonomics 
Comfort with the cycling position 

and appearance 

6. Carrier utility Front basket functionality 

7. Maintenance State of maintenance of the bicycles 

Stations 

8. Network extension The total service area 

9. Distance between stations Separation between stations 

10. Anchorage functioning 
The easiness to lock (unlocking) a 

bike at the station 

11. Bicycle availability  

Tariff 

12. Annual subscription 25€ (15€ to PTC) 

13. First half-hour tariff for 

subscribers (0.50 €) 
For subscribers 0.50 € 

14. Subsequent half-hour tariff 

for subscribers (0.60€) 
For subscribers 0.60€ 

15. First hour for occasional 

users (2€) 
2€  

16. Second hour for occasional 

users (4€) 

4€ or fractions, to avoid 

competition with bike rental 

companies 

17. Discount for taking a bike 

from a saturated station 

(0.10€) 

0.10€  
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18. Discount for returning a bike 

to an empty station (0.10€) 
0.10€ 

Interface 

19. Mobile application 
The functionality of the mobile 

phone app 

20. Website 
The functionality of the service 

website 

21. Totem functioning 
The easiness and functionality of 

the touchscreen kiosk at the station.  

22. Registration procedure 
Procedure to register as a 

subscriber of the service 

23. Notification system 
Communications between the 

service provider and users 

24. User support Call-centre 

The attributes were analysed by applying the combined method and the results are 

further described in the next section. 

5.2. Underperforming attributes  

This section presents the results of the application of an Importance Performance 

Analysis, seeking to generate the first plane for the combined analysis. The IPA application 

also a-priori identifies the low-performance attributes that require urgent attention to 

increase user satisfaction with the BiciMAD system.  

To facilitate the interpretation of the figures, the symbols representing each attribute 

are labelled with a number from 1 to 24, according to Table 8. Following the same logic, the 

symbols representing attribute categories are different.  
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Figure 26 IPA - Subscribers (left) - Occasional users (right) 

Figure 26 show the results of the IPA categorization for both, subscribers, and 

occasional user. 

The numeric values representing the coordinates of each attribute are shown in Table 

9. 

Table 9 Priorities for improvement– IPA values 

Attributes Subscribers Occasional 

Imp Perf Quadrant 

label 

Imp Perf Quadrant 

label 

Manoeuvrability/ease of use 4.333 4.070 Keep up 4.246 3.865 Keep up 

Pedalling assistance 4.517 4.188 Keep up 4.190 4.063 Keep up 

Speed, acceleration, power 4.517 4.079 Keep up 4.008 3.976 
Possible 

overkill 

Battery duration 4.260 3.766 Keep up 4.095 3.706 Keep up 

Bicycle ergonomics and 

design 
3.759 3.603 

Possible 

overkill 
3.786 3.405 Low priority 

Carrier utility 3.672 3.163 Low priority 3.516 3.302 Low priority 

Bicycle maintenance 4.835 3.133 Focus here 4.643 3.238 Focus here 

Network extension 4.755 2.735 Focus here 4.492 2.873 Focus here 

Distance between stations 4.326 3.395 Focus here 4.175 3.317 Focus here 

Anchorage functioning 4.653 3.360 Focus here 4.381 3.317 Focus here 

Station occupancy and 

bicycle availability 
4.609 3.206 Focus here 4.302 3.349 Focus here 

Annual subscription (20€) 4.100 3.431 Low priority 3.929 3.373 Low priority 

First half-hour tariff for 

subscribers (0.50€) 
4.140 3.507 Low priority 3.976 3.413 Low priority 

Next half-hour fractions for 

subscribers (0.60€) 
3.885 3.317 Low priority 3.817 3.262 Low priority 

First hour tariff for 

occasional users (2€) 
3.334 3.217 Low priority 3.857 3.135 Low priority 

Next hour fractions for 

occasional users (4€) 
3.289 3.143 Low priority 3.905 2.984 Low priority 

Discount for saturated 

station (0.10€) 
4.057 3.932 

Possible 

overkill 
 

3.960 3.627 
Possible 

overkill 

Discount for anchor 

reservation (0.10€) 
3.923 3.855 

Possible 

overkill 
3.968 3.619 

Possible 

overkill 

Mobile app 4.510 3.538 Keep up 4.476 3.595 Keep up 
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Website 3.565 3.326 Low priority 3.683 3.429 Low priority 

Totem functioning  4.336 3.299 Focus here 4.381 3.333 Focus here 

Registration procedure 4.046 3.677 
Possible 

overkill 
4.214 3.357 Focus here 

Email notifications 3.719 3.628 
Possible 

overkill 
3.563 3.429 Low priority 

Customer support 4.641 3.790 Keep up 4.429 3.389 Focus here 

Threshold 4.158 3.515  4.083 3.432  

5.2.1. IPA results analysis for subscribers 

The results show that six attributes fall in the second quadrant Focus here for subscribers 

(Figure 26 - left): 

• 7 Bicycle maintenance 

• 8 Network extension 

• 9 Distance between stations 

• 10 Anchorage functioning 

• 11 Bicycle availability 

• 21 Totem functioning 

Four of the attributes are related to BiciMAD stations, one to the bicycles, and one is 

related to the interface with the user. These attributes are explicitly important for users, 

nonetheless, they perform poorly. Most of the attributes related to the bicycles have high 

satisfaction scores, except for attribute 6 (carrier) and attribute 7 (bicycle maintenance). 

Nonetheless, attribute 6 has low relative importance, consequently, there is no need for 

additional efforts on its improvement.  

Noticeable, the network extension, distance between stations, anchorage functioning, and 

bicycle availability (all the station-related attributes) fall in the second quadrant, showing low 

user satisfaction and high explicit importance. These results suggest that policies expanding 

the service area and improving the quality of the stations point in the right direction of 

increasing user satisfaction. 

On the lower side of the figure, below the importance threshold, there are the attributes 

related to the fees per use and the discounts. Subscribers are dissatisfied with most of these 

attributes, except with the discounts (attributes 17 and 18). These results suggest that the 

service discounts, in addition to self-balance the system, might contribute to developing 

user loyalty. Interface attributes such as mobile app, totem functioning, and user support are 

roughly distributed over all the quadrants. The best performance is for user support and the 

poorest is for totem functioning. The last, with the highest importance for subscribers. 
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5.2.2. IPA results for occasional users 

For occasional users, eight attributes fall on the second quadrant (Figure 26 - right). 

• 7 Bicycle maintenance 

• 8 Network extension 

• 9 Distance between stations 

• 10 Anchorage functioning 

• 11 Bicycle availability 

• 21 Totem functioning 

• 22 Registration procedure 

• 24 User support 

The same as with the subscribers attributes 7 (bicycle maintenance) and 8 (network 

extension) have the lower satisfaction and highest importance. The attributes related to fares 

are below the importance threshold. Regarding the attributes related to the bicycles, four 

out of the seven attributes in this category have satisfaction above the threshold, except by 

the (ergonomics and design), 6 (carrier) and 7 (maintenance). Nevertheless, only the last has 

importance assigned over the threshold. 

Like with the subscribers, IPA identifies attributes 7 (maintenance) and 8 (network 

extension) as the attributes to act for improvement to increase the satisfaction of occasional 

users. Up to this point, it is possible to identify two very important attributes with low 

performance. Attribute 7 is bicycle maintenance and attribute 8 corresponds to network 

extension. Therefore, the service operator should “focus here” and try to increase the 

performance of these attributes to improve the overall satisfaction of subscribers. Also is 

noticeable that the attribute with higher satisfaction in both groups is the pedelec system. 

Notwithstanding, IPA does not provide yet further information on which should be 

prioritized, among the other attributes that fall in this quadrant. 

To complement this information, we propose to include the z-axis, with the implicit 

importance, to form a three-dimensional scheme that allows classifying attributes following 

the 3FT structure. 

5.3. Attributes categorization in three types of factors  

The addition of the implicit importance provides accurate and complementary 

information for the interpretation of the results. The plane formed by the explicit (y-axis) and 

the implicit (z-axis) importance compound the Importance Grid, a quadrant method for the 

factor classification described in section 3.5.2. Attributes that fall in the first quadrant are 

both, explicit and implicit and important, therefore key linear attributes. Intervention to 
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improve satisfaction with these attributes will increase the user's overall satisfaction with the 

system. Table 10 shows the coordinates of each attribute in the importance grid. The explicit 

importance is the average value of the stated importance expressed by respondents. The 

implicit importance is obtained from the odds ratios of the regression coefficients of each 

attribute with overall satisfaction. 

Table 10 Factor structure derived from the 3FT-importance grid 

Attribute 
Subscribers Occasional users 

Explicit  Implicit  Category Explicit  Implicit  Category 

Manoeuvrability/ease of use 4.333 0.608 Key 4.246 -0.016 Basic 

Pedalling assistance 4.517 0.376 Key 4.190 0.998 Key 

Speed, acceleration, power 4.517 0.123 Basic 4.008 0.249 Unimportant 

Battery duration 4.260 0.066 Basic 4.095 -0.153 Basic 

Bicycle ergonomics and 

design 
3.759 0.068 Unimportant 3.786 0.563 Excitement 

Carrier utility 3.672 0.025 Unimportant 3.516 -0.289 Unimportant 

Bicycle maintenance 4.835 0.731 Key 4.643 0.317 Key 

Network extension 4.755 0.283 Key 4.492 2.276 Key 

Distance between stations 4.326 0.238 Key 4.175 -0.210 Basic 

Anchorage functioning 4.653 0.243 Key 4.381 0.878 Key 

Station occupancy and bicycle 

availability 
4.609 0.128 Basic 4.302 0.181 Basic 

Annual subscription (20€) 4.100 0.187 Excitement 3.929 0.455 Excitement 

First half-hour tariff for 

subscribers (0.50€) 
4.140 0.191 Excitement 3.976 0.169 Unimportant 

Next half-hour fractions for 

subscribers (0.60€) 
3.885 0.043 Unimportant 3.817 0.130 Unimportant 

First hour tariff for occasional 

users (2€) 
3.334 0.076 Unimportant 3.857 -0.581 Unimportant 

Next hour fractions for 

occasional users (4€) 
3.289 -0.011 Unimportant 3.905 0.306 Excitement 

Discount for saturated station 

(0.10€) 
4.057 0.349 Excitement 3.960 0.357 Excitement 

Discount for anchor 

reservation (0.10€) 
3.923 -0.125 Unimportant 3.968 -0.183 Unimportant 

Mobile app 4.510 0.175 Basic 4.476 0.512 Key 

Website 3.565 -0.086 Unimportant 3.683 -0.092 Unimportant 

Totem functioning  4.336 0.130 Basic 4.381 -0.023 Basic 
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Registration procedure 4.046 -0.058 Unimportant 4.214 0.202 Basic 

Email notifications 3.719 0.021 Unimportant 3.563 0.029 Unimportant 

Customer support 4.641 0.415 Key 4.429 0.883 Key 

Threshold 4.158 0.175  4.083 0.290  

In the case of service subscribers, the two attributes identified with the IPA, 7 

(maintenance) and 8 (network extension), fall on the first quadrant of the 3FT diagram 

displayed in Figure 27. Any increase in satisfaction with these attributes will improve the 

overall satisfaction with the system. By adding the additional axis with the implicit 

importance, it is possible to observe that attribute 7 has higher implicit importance than 

attribute 8. Meaning that maintenance is a priority for subscribers. This provides decision-

makers with more thoughtful information for resource allocation.  

Figure 27 also allows to classify attributes according to the factor structure. Attribute 

17 (0.10€ discount for retiring the bike at a saturated station) is an excitement factor, bringing 

unexpected delight to subscribers. Attribute 4 (battery lasting) is a basic attribute which 

should perform well to meet basic satisfaction requirements. Most of the fare attributes fall 

on the unimportant quadrant, low for explicit and implicit importance. 
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Figure 27 3FT Importance Grid (left) and the combined analysis (right) - Subscribers 

Figure 28 presents the factor structure for occasional users. The introduction of the 

implicit importance for the interpretation of the results provides surprising information. 

While IPA only classified attributes 7 and 8 on the “focus here” quadrant for both, occasional 

and subscribers, the addition of the z-axis shows that they have opposite importance in each 

user’s group. The combination of methods allows differentiating that maintenance might 

have a higher influence on subscribers’ satisfaction than network extension. This might be due 

that subscriber already conduct their most frequent trips within the service area, not needing 

a broader network on their frequent trips. Instead, they put a higher value on reliable 

bicycles with proper maintenance conditions. Table 11 displays the numeric values of the 

coordinates of each attribute on the three-dimensional scheme for subscribers 

Table 11 Attributes coordinates on the three-dimensional scheme. Subscribers 

System element 
Satisfaction 

x 
Explicit Importance 

y 
Implicit Importance 

z 

Manoeuvrability / ease of use 4.070 4.333 0.608 

Pedalling assistance 4.188 4.517 0.376 

Speed, acceleration, power 4.079 4.517 0.123 

Battery lasting 3.766 4.260 0.066 

Bicycle ergonomics and design 3.603 3.759 0.068 

Carrier utility 3.163 3.672 0.025 

Bicycle maintenance 3.133 4.835 0.731 

Network extension 2.735 4.755 0.283 

Distance between stations 3.395 4.326 0.238 

Anchorage functioning 3.360 4.653 0.243 
Occupation and bike 
availability 3.206 4.609 0.128 

Annual subscription (20€) 3.431 4.100 0.187 
First half hour tariff for 
subscribers (0.50€) 3.507 4.140 0.191 
Next half hour fractions for 
subscribers (0.60€) 3.317 3.885 0.043 
First hour tariff for occasional 
users (2€) 3.217 3.334 0.076 
Next hour fractions for 
occasional users (4€) 3.143 3.289 -0.011 
Discount for saturated station 
(0.10€) 3.932 4.057 0.349 
Discount for anchor 
reservation (0.10€) 3.855 3.923 -0.125 

Mobile app 3.538 4.510 0.175 

Web page 3.326 3.565 -0.086 

Totem functioning  3.299 4.336 0.130 

Registration procedure 3.677 4.046 -0.058 

Email notifications 3.628 3.719 0.021 
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Customer support 3.790 4.641 0.415 

Axe intersection 3.515 4.158 0.175 

Therefore, the inclusion of the third axis allows observing that attributes falling in the 

same category on the IPA have very different implicit importance. This difference is 

observable in Figure 28 between attribute 10 (anchorage system) which is a key attribute and 

attribute 21 (totem functioning) which is a basic attribute. 

 

Figure 28 3FT Importance Grid (left) and the combined analysis (right) - Occasional Users 

The factor structure is slightly different for occasional users than it is for subscribers. 

There are more clearly differentiated excitement attributes; attribute 5 (Bicycle ergonomics 

and design) and attribute 12 (Annual subscription of 20€) fall in this quadrant in addition to 

attribute 17. Attribute 21 (totem functioning) is a clear basic attribute for occasional users, 

while attributes 6 (carrier utility) and 15 (first 2€ hour fare for occasional users) are unimportant. 

The numeric values of the coordinates displayed in Figure 28 are shown in Table 12. 

Table 12 Attributes coordinates on the three-dimensional scheme. Occasional users 

System element 
Satisfaction 

x 
Explicit Importance 

y 
Implicit Importance 
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Manoeuvrability/ease of use 3.865 4.246 -0.016 

Pedalling assistance 4.063 4.190 0.998 

Speed, acceleration, power 3.976 4.008 0.249 

Battery lasting 3.706 4.095 -0.153 

Bicycle ergonomics and design 3.405 3.786 0.563 

Carrier utility 3.302 3.516 -0.289 

Bicycle maintenance 3.238 4.643 0.317 

Network extension 2.873 4.492 2.276 

Distance between stations 3.317 4.175 -0.210 

Anchorage functioning 3.317 4.381 0.878 
Occupation and bike 
availability 3.349 4.302 0.181 

Annual subscription (20€) 3.373 3.929 0.455 
First half-hour tariff for 
subscribers (0.50€) 3.413 3.976 0.169 
Next half-hour fractions for 
subscribers (0.60€) 3.262 3.817 0.130 
First-hour tariff for occasional 
users (2€) 3.135 3.857 -0.581 
Next hour fractions for 
occasional users (4€) 2.984 3.905 0.306 
Discount for saturated station 
(0.10€) 3.627 3.960 0.357 
Discount for anchor reservation 
(0.10€) 3.619 3.968 -0.183 

Mobile app 3.595 4.476 0.512 

Web page 3.429 3.683 -0.092 

Totem functioning  3.333 4.381 -0.023 

Registration procedure 3.357 4.214 0.202 

Email notifications 3.429 3.563 0.029 

Customer support 3.389 4.429 0.883 

Axe intersection 3.432 4.083 0.290 

5.4. Key system attributes 

To facilitate the identification of priorities, Table 13 shows the categorization of the two 

combined methodologies. Figure 29 helps to identify the order of priorities: attributes 

contained in the cube labelled 1 are top priorities, then those on the cube labelled 1 – 2, then 

3 and finally 4. The combination of both methods provides detailed information for decision-

makers. While IPA identifies the “focus here” attributes based on the relationship between 

explicit importance and performance, the three-factor theory, based on implicit importance, 

helps to define priorities.  

Based on the literature recommendations for the hierarchy of priorities (Matzler et al., 

2003), the criteria for prioritization are described below: 
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1st Basic 3FT attributes that fall in the Focus here IPA quadrant. As well as Key 

performance 3FT attributes with the lowest satisfaction of the Focus here IPA. 

2nd Key performance 3FT attributes that fall in the Focus here IPA quadrant.  

3rd Key performance 3FT attributes below the third quartile of performance (3.601 for 

occasional users and 3.772 for subscribers). Performance factors can increase satisfaction 

whenever they are improved, although it may not be cost-effective to invest resources in 

attributes that are already well positively evaluated. 

4th Exiting 3FT attributes that perform poorly, which can enhance satisfaction. 

 

Figure 29 Order for improvement prioritization 

Table 13 shows the rank of priorities for each group of users. Five of the twenty-four 

attributes match in the same priority ranking for subscribers and occasional users. 

Interventions in these attributes have the potential to increase the overall satisfaction of all 

users. Station occupancy and bicycle availability and totem functioning are top priorities. In the 

second place, improvements in the anchorage functioning can increase the satisfaction of all 
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users. There are no common attributes in third place and two ranked fourth, annual 

subscription and discount for taking the bicycle from a saturated station (0.10€). By targeting 

policies to enhance general satisfaction with these attributes, service providers could gain 

occasional users who may potentially become subscribers over time.  

In addition to the common attributes, there are some priorities for individual groups. 

For subscribers, bicycle maintenance is the first priority while network extension and distance 

between stations are second, followed by customer support, and finally manoeuvrability and first 

half-hour tariff as excitement factors. In this order of priorities, the suggested improvements 

may not impact only subscribers, as they are also influential attributes for the satisfaction of 

occasional users.  

To enhance the satisfaction of occasional users we identified, the network extension, 

distance between stations and registration process are top priorities to be improved. The 

registration process could represent an entry barrier. In second place customer support and 

third mobile app. In fourth place, as an excitement factor appears bicycle ergonomics and the 

tariff for the next hour fractions for occasional users (4€).   
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Table 13 Ranking of improvement priorities based on IPA and three-factor theory 
Nº Attribute Subscribers Occasional 

Priority 
rank 

IPA 3F importance grid Priority rank IPA 
3F importance 

grid 

Bicycle 

1. Manoeuvrability/ease of use 4th Keep up Key  Keep up Basic 

2. Pedalling assistance  Keep up Key  Keep up Key 

3. Speed, acceleration, power  Keep up Basic  
Possible 
overkill 

Unimportant 

4. Battery duration  Keep up Basic  Keep up Basic 

5. Bicycle ergonomics and design  Possible overkill Unimportant 4th Low priority Excitement 

6. Carrier utility  Low priority Unimportant  Low priority Unimportant 

7. Bicycle maintenance 1st Focus here Key 2nd Focus here Key 

Stations 

8. Network extension 2nd Focus here Key 1st Focus here Key 

9. Distance between stations 2nd Focus here Key 1st Focus here Basic 

10. Anchorage functioning 2nd Focus here Key 2nd Focus here Key 

11. Station occupancy and bicycle availability 1st Focus here Basic 1st Focus here Basic 

Tariffs 

12. Annual subscription (20€) 4th Low priority Excitement 4th Low priority Excitement 

13. First half-hour tariff for subscribers (0.50€) 4th Low priority Excitement  Low priority Unimportant 

14. Next half-hour fractions for subscribers (0.60€)  Low priority Unimportant  Low priority Unimportant 

15. First-hour tariff for occasional users (2€)  Low priority Unimportant  Low priority Unimportant 

16. Next hour fractions for occasional users (4€)  Low priority Unimportant 4th Low priority Excitement 

17. Discount for saturated station (0.10€) 4th Possible overkill Excitement 4th 
Possible 
overkill 

Excitement 

18. Discount for anchor reservation (0.10€)  Possible overkill Unimportant  
Possible 
overkill 

Unimportant 

Interface 

19. Mobile app  Keep up Basic 3rd Keep up Key 

20. Website  Low priority Unimportant  Low priority Unimportant 

21. Totem functioning  1st Focus here Basic 1st Focus here Basic 

22. Registration procedure  Possible overkill Unimportant 1st Focus here Basic 

23. Email notifications  Possible overkill Unimportant  Low priority Unimportant 

24. Customer support 3rd Keep up Key 2nd Focus here Key 
 

Ranking 

1st 2nd 3rd 4th 
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Chapter 6 Multidimensional analysis of use 

frequency 

Preceding studies have applied statistical methods (factor and cluster analysis, 

measures of correlation and latent constructs) based on data collected on the series of 

surveys described in this work. The main goals of the previous studies were to classify 

potential user groups, identify the willingness to adopt the service and create adoption 

behavioural models (Munkácsy & Monzon, 2018; Munkácsy & Monzón, 2017b, 2017a; 

Velázquez, 2019).  

This work enlarges the state of the art, by conducting an immersive analysis of the 

influence of the general cycling factors (evaluated in Chapter 5) and system attributes 

(evaluated in chapter 6) on use frequency. The previous insights serve as inputs in this 

chapter to address Research Question 3 (Figure 30).  

This analysis is justified based on the original assumption of a relationship between use 

frequency and user satisfaction, the matter of study in the work of Velázquez, (2019). The 

results of Velázquez, (2019) study confirm the relationship between use frequency and user 

satisfaction, highlining the influence of satisfaction with cycling infrastructure which in turn 

correlates to the previous cycling experience. The results also show a direct relationship 

between green values and a partial relationship of tech savviness with user satisfaction. 

To hold the assumption of a relationship between satisfaction and use frequency, this 

research performs an ordered logistic regression, with the frequency as a dependent 

variable and attributes satisfaction as explicative, along a set of covariates including 

infrastructure and green values. In the next section, this research work investigates to what 

extent, the use frequency is influenced by satisfaction, the last step on the evaluation chain 

conducted in this thesis. 

Figure 30 displays the relationship between the research Question 3, the third general 

objective and the core framework of the thesis. 
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Figure 30 Research question linked to the chapter content 

6.1. Preliminary findings: key factors for user satisfaction and their 

relevance in use frequency 

For a better understanding of the modelled results, some preliminary findings are 

described to contextualize the explicative variables included in the model. According to the 

data, 65% of users are men and 35% are women. Section 4.1 presents the difference between 

male and female importance to safe infrastructure, indicating more risk aversion in women. 

In addition to the low satisfaction with Madrid’s cycling infrastructure, the female gender 

might likely reduce the probability of frequent use. Also, the income seems to be relevant to 

use frequency. The sample is skewed to the right, with most of the respondents in the lower 

income categories, 34% of the sample earn between 1300 and 2000 and 26% between 2000 

and 3200 € /month. With 87% contained up to this interval. Only 3% of the sample have no 

income and 26% earn less than 1300 €/month. Since most of the sample is in the middle-

left part of the income range, the income was transformed into continuous values by using 

the midpoint of the ranges presented by the respondents in the branches, otherwise, only 

the central-lower branches were represented in the model.  

As has been inferred from the results in previous sections, the shift to owning a bicycle 

might reduce the probability of using the service frequently. Respondents were asked for 

the number of bicycles they have at home, from 0 to 3 bicycles. Furthermore, the travel time 

seems to negatively influence the use frequency, opposite to the environmental awareness 
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which seems to be positive, as the more concerned with the environmental issues the users 

are, the more frequently they use the service. 

The following group of variables are related to satisfaction with the service attributes. 

Each of the attributes included in the previous analysis was considered in the model. There 

are five statistically significant attributes related to bicycles, two to network and stations, 

three to tariffs and three to the interface. The data shows consistency with the assumption 

of a direct relationship between user satisfaction and use frequency. These 13 attributes 

resulted significantly influential in use frequency, among all others.  

In addition to the satisfaction with the system attributes, the importance assigned to 

the general factors influencing cycling is also included in the model with consistent results. 

The more importance users assign to deterrent factors the less likely to use the service 

frequently, opposite to the promoters. Among all the infrastructures, the satisfaction with 

two of them resulted significantly influential. Higher satisfaction with the availability of racks 

near work and satisfaction with Madrid central bike lanes positively influence use frequency  

6.2. Factors and attributes as a proxy of use frequency 

Before calibrating the frequency model, the multicollinearity among variables was 

tested following literature recommendations, to find and avoid strong correlation among 

variables (Gujarati & Porter, 2009). The test showed that the psychological factors fun while 

cycling is highly correlated with relaxing. In addition, the resulting sign of the former variable 

was negative, contrary to prevalent literature, which stands that having fun while cycling is 

related to frequent use; therefore, fun while cycling was excluded from the model. 

The frequency model is presented in Table 14. The frequency is an ordinal categorical 

variable collected on a Likert scale of five intervals: occasionally, 1-2 times a month, once a 

week, 2-4 times a week and 5 or more times a week. The final model was calibrated by multiple 

runs evaluating the likelihood ratio and the significance of the variables. The first run has 

included all the 24 system attributes, all the infrastructure and most of the socioeconomic 

variables. Then, the non-representative variables were eliminated in the next runs, caring to 

keep the highest explicative power, until the final model was obtained. The process is 

represented in Table A of the annexes. The coefficients of the model were assessed on every 

run, to check their consistency with the sign expectations and previous findings. The 

positive or negative influence of every variable was estimated by obtaining the odds ratio 

(EXP(β)-1). The four thresholds define the border for which each modelled outcome belongs 

to a frequency category. Thus, if the modelled outcome is less than the Threshold 1, the 
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frequency is occasionally, if the outcome is between Threshold 1 and 2 then the frequency 

is 1-2 times a month, and so on. 

Table 14 Use frequency model 

Type of variable Variable Coef. Std. 

Err. 

p 

value 

Socioeconomic Female (Ref. male) -0.270 0.056 0.000 

 Monthly income -0.046 0.022 0.033 

 Number of available bikes at home -0.101 0.025 0.000 

Travel patterns Travel time -0.023 0.002 0.000 

Green values Environmental concern 0.142 0.032 0.000 

Satisfaction 

Bikes 

1. Manoeuvrability/ease of use 0.283 0.045 0.000 

2. Pedalling assistance 0.095 0.046 0.037 

3. Speed, acceleration, power 0.126 0.043 0.004 

4 Battery duration 0.080 0.032 0.013 

7. Bicycle maintenance 0.054 0.028 0.049 

Satisfaction 

Stations  

8. Network extension 0.144 0.025 0.000 

11. Station occupancy and bicycle 

availability 

0.286 0.028 0.000 

Satisfaction 

Fares 

12. Annual subscription (20€) 0.065 0.028 0.019 

14. Next half-hour fractions for 

subscribers (0.60€) 

0.072 0.029 0.014 

17. Discount for saturated station 

(0.10€) 

0.242 0.032 0.000 

Satisfaction 

Interface 

19. Mobile app 0.102 0.026 0.000 

23. Email notifications 0.067 0.039 0.085 

24. Customer support 0.128 0.031 0.000 

General factors 

importance 

Traffic flow -0.074 0.042 0.074 

Travel time reliability 0.193 0.042 0.000 

Bike availability 0.144 0.053 0.006 

Traffic safety -0.107 0.036 0.003 

Good for the environment 0.089 0.050 0.077 

Weather -0.155 0.039 0.000 

Life quality 0.214 0.050 0.000 

Relaxing 0.115 0.034 0.001 

Projected social status -0.028 0.014 0.045 

Satisfaction with 

the 

infrastructure 

Available racks at work 0.094 0.027 0.000 

Central bike lanes 0.045 0.021 0.035 

 Threshold 1 -0.351 0.364  

 Threshold 2 0.691 0.363  

 Threshold 3 1.387 0.364  

 Threshold 4 2.562 0.365  

 N 5218   

 Log Likelihood 7238.286   

 AIC 14542.57   

 BIC 14756.94   
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As expected, gender is one of the most influential socioeconomic variable in the model. 

The results suggest that women are 24% less likely to frequently use the service, compared 

with men. The same negative influence is observed with income, bicycle ownership and 

travel time. As the income increases, the probability of frequent use reduces by 4.5%, and 

for every additional bicycle at home, the probability of frequent use reduces by 9%. The 

average travel time is related to the distance, since cycling loses competitiveness with other 

modes, the probability of frequent use reduces by 2.3% for every additional minute. 

Environmental awareness, on the other hand, has a positive effect, as it increases in 15% the 

probability of frequent use.  

In agreement with the preliminary findings, higher satisfaction with the system 

attributes have a positive influence over the use frequency, as can be observed in Table 14. 

The attributes with significant coefficients that have the highest influence on the probability 

of frequent use attribute 11. Station occupancy and bicycle availability, and attribute 1. 

Manoeuvrability/ease of use. For both attributes, the probability of frequent use increases by 

33% when satisfaction increases in one unit. In previous chapters, it has been shown that 

attributes 8. Network extension and 7. Bicycle maintenance has a higher influence on user 

satisfaction. These attributes also have a positive influence on use frequency. Satisfied users 

with the maintenance are 5% and those satisfied with the network extension are 15% more 

likely to be frequent users of the service. Being granted a discount every time a bicycle is 

taken from a saturated station seems to encourage use. This attribute is significantly 

influential since, for every unit increase in satisfaction, users are 15% more likely to increase 

their use frequency. 

The general factors influencing cycling are consistent with the “promoters-deterrent” 

classification presented in the previous sections. For instance, as higher importance is 

assigned to traffic flow, the safety of using the bicycle in Madrid’s traffic, weather, and 

projected social status, less likely to frequently use the service. The relationship of 

importance assigned to these factors, with low use frequency of the service is reasonable 

since individuals that are more concerned with the risk of using a bicycle in traffic are less 

likely to use the service. What is remarkable, is the importance assigned to the social status 

which negatively affects service use. Seems that some citizens still have the idea that cycling 

is for “low class” people. The factors with positive influence are also related to previous 

research. Attributes such as the travel time reliability, the availability of bicycles, the 

environmental benefits, improvements to life quality, enjoyment, and relaxing increase the 

probability of frequently using the service. The relatively small size of bicycles makes them 

easy to carry and squeeze vehicles in congested situations, making it possible to avoid traffic 



Explanatory factors for improving performance on bike-sharing systems 

92 
 

jams and continue with the trip, therefore, the travel time tends to be easier to predict and 

reliable. Attitudinal and psychological factors are also significant promoters, in line with the 

results obtained by Muñoz et al., (2016). 

Satisfaction with the cyclin infrastructure attributes is also a significant variable over 

frequent use. The availability of bicycle racks at work and the central bike lanes are the most 

influential infrastructures on frequent use. The first might be directly related to the evolution 

of user profiles since a young-middle-aged worker finds it convenient to reach her/his work 

by bike. With every unit of increase in satisfaction with this infrastructure, it is 10% more 

likely to frequently use the service. The second might be related to the competitiveness with 

other transport modes. Central bike lanes were a controversial implementation because they 

are located between bus and car lanes, therefore, the narrow space for cyclists threatens 

beginners. Moreover, this location might avoid interferences with pedestrians and reduces 

travel distances since these lanes follow the optimized geometry of car-oriented streets, 

compared with sidewalk bike lanes. This might be the reason why users satisfied with these 

lanes are 4% more likely to be frequent users of the service. 

6.3. Influence of the main variables on use frequency. 

This section illustrates the influence of the main variables by estimating their marginal 

effects on user frequency. As previously mentioned, the main variables related to use 

frequency can be divided into socioeconomic (user profile), satisfaction with the system 

attributes and importance assigned to deterrent and promoter factors. The probability of 

higher or lower use frequency for each variable is ceteris paribus, and all the marginal effects 

are statistically significant. 

6.3.1. User profile and environmental awareness 

One of the main sociodemographic variables influencing use frequency according to 

the model results is gender. Male individuals have, in a statistically significant way, a higher 

probability of being frequent users than female subscribers. The main difference between 

males and females is observed in Figure 31 for the higher frequency interval more than 5 

times a week 32% and 28% respectively. The opposite is observed for lower frequency 

intervals, such as rarely and 1-2 a month, where women have a slightly higher probability 

than men.  



Chapter 6 Multidimensional analysis of use frequency 

93 
 

 

Figure 31 Gender influence on use frequency 

As can be observed in Figure 32, income is influential in the probability of frequent use, 

with a more accentuated effect on the higher frequency interval. As was described before, 

the higher the income, the probability of frequent use reduces; in the case of more than 5 

times a week, it passes from 34% for those with less than 800€ a month, to 29% for those who 

earn over 3200 € a month. The probability of frequent use remains fairly equal for the other 

intervals, independent of the income category. That is the case for 2-4 times a week, which 

remains close to 25% for all the intervals. The rare or sporadic use slightly increases for 

those with higher incomes This seems reasonable since those with higher incomes might 

subscribe just for having another transport option. 

 

Figure 32 Income influence on use frequency 
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The self-stated environmental awareness increases the probability of frequent use, from 

24% in those who don´t care at all to 33 % in those who are very concerned, for the higher 

frequency interval of more than 5 times a week. Figure 33 also shows that the 2-4 times a week 

frequency also increases as the environmental awareness increases, but with a less 

accentuated slope than the high-frequency interval.  

Less frequent intervals, such as rarely and 1-2 a month reduce the probability of frequent 

use as the concern increases. The possible reason underlying this might be that the higher 

the concern, the higher the probability to use other transport modes, such as use public 

transport or walk. 

 

Figure 33 Influence of environmental awareness on use frequency 

6.3.2. Satisfaction with the system attributes 

This section addresses the ceteris paribus influence of the most significant system 

attributes on use frequency. The original assumption is that the higher the satisfaction, the 

higher the probability of frequent use for each service attribute. 

Figure 34 shows that those who are more satisfied with the manoeuvrability are more 

likely to frequently use the service, especially more than 5 times a week. For this frequency 

interval, the probability increases from 21% for those who are “very dissatisfied” to 36% for 

those who are “very satisfied”. The probability of frequent use also increases for the 2-4 times 

a week interval as the satisfaction is higher. The rest of the sporadic frequency intervals 

decrease in the probability of use with higher satisfaction. 
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Figure 34 Influence of the satisfaction with the manoeuvrability on use frequency 

Electric assistance (pedelec) plays a key role in fostering cycling in Madrid, due to the 

slopes of the streets and the extreme weather. Moreover, its effects are limited due to a high 

current satisfaction which limits the influence of higher levels. Higher satisfaction with the 

pedelec increases the probability of frequent use (Figure 35). Moreover, the influence of 

satisfaction is not as accentuated as it is with other attributes. Frequent use of more than 5 

times a week increases from 31% for “very dissatisfied” to 34% for “very satisfied”. The rest 

of the frequency intervals vary less, roughly 25% for 2-4 times a week and between 10% and 

15% for all the satisfaction levels. 

 

Figure 35 Influence of the satisfaction with the electric assistance on use frequency 

Satisfaction with maintenance has a similar effect on use frequency to the electric 

assistance (Figure 36). In the same way, the direction is positive for more than five times a 
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week, remains steady for 2-4 times a week, and slightly decreases for the lower frequency 

intervals. The logic underneath this is that satisfied users correspond with higher frequency, 

so the probability of sporadic use decreases. 

 

Figure 36 Influence of the satisfaction with maintenance on use frequency 

The network extension is a key attribute with the potential to attract occasional users 

as subscribers of the system. At the same time, it increases the use frequency of the current 

subscribers as could be seen in Figure 37. The probability of using the system more than 5 

times a week increases significantly from 26% for “very dissatisfied” users to 40% for “very 

satisfied”. The probability of using the service with a frequency of 2-4 times a week remains 

barely equal to 25% for all the satisfaction intervals. The lower categories of use frequency 

decrease in probability as the satisfaction increases, as an opposite effect for the higher 

frequency. 
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Figure 37 Influence of the network extension on use frequency 

The “station occupancy and bicycle availability” is an attribute related to the stations. 

In this case, satisfaction positively influences all the use frequency intervals Figure 38. For 

more than 5 times a week, it increases from 20% for very dissatisfied to 40% for very satisfied. 

In case of 2-4 times a week, the probability of use remains close to 25% for all the satisfaction 

intervals. The probability of use with a frequency of rarely to once a week also increases, from 

close to 10% for those that are very dissatisfied to 15% for those very satisfied. 

 

Figure 38 Influence of the station occupancy and bicycle availability on use frequency 

Figure 39 shows that the probability of frequent use increases from 28% to 35% as 

satisfaction with the annual subscription increases. Like with most of the attributes, the 

probability of use for the 2-4 times a week interval remains close to 25%, while the lower 

frequency intervals slightly reduce from 15% to 13%.  
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In the same line, the modelled results also suggest that the satisfaction with the discount 

for taking the bicycle from a saturated station positively influences the use frequency. In this 

case, displayed in Figure 40, the probability of use more than 5 times a week increases from 

28% to 37% as the satisfaction increases from “very dissatisfied” to “very satisfied”. 

Both attributes belong to the Fares category and have a similar effect on the usage 

probability. In both cases, the probability of rare use decreases with higher satisfaction, 

indicating that for these attributes, the frequency scale appears to have opposite extreme 

values, rather than ordinal incremental intervals.  

 

Figure 39 Influence of the satisfaction with the annual subscription with the use frequency 

 

 

Figure 40 Influence of the satisfaction with discounts on use frequency 
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Figure 41 represents the influence of user satisfaction with the use frequency. In 

this case, it is curious that the high-frequency use of more than 5 times a week has a 

parabolic sort of behaviour. In this case, the probability of frequent use reduces from 

37% to 29% when the satisfaction improves from “very dissatisfied” to “indifferent”, 

and then increases again from 37% when the satisfaction increases up to “very 

satisfied”. For the rest of the frequency intervals, like other attributes, the 2-4 times a 

week remains close to 25%, and the lower frequency intervals slightly increase from 

roughly 13% to 14%. 

This is the only service attribute that do not positively influence the use frequency 

as the satisfaction increases. 

 

Figure 41 Influence of the satisfaction with the mobile app on use frequency 

6.3.3. General factors influencing cycling 

Consistently with the promoter/deterrent factor structure presented in Chapter 4, the 

statistically significant factors described in this section affect the probability of frequent use 

in both ways, positively and negatively. 

The first factor described is the importance assigned to safety in traffic. Heavy traffic is 

a deterrent factor for cycling, and it is expected that people who assign higher importance 

to this factor is less likely to be frequent user. 
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Figure 42 Influence of the safety in traffic importance on use frequency 

That is the case of the modelled results shown in Figure 42, where higher importance 

reduces the probability of frequent use. The probability of more than 5 times a week use 

reduces from 38% to 30% in those that consider the safety in traffic “very unimportant” 

compared to those who consider it “very important”. 

The weather is a well-recognized deterrent factor. When the conditions are not suitable 

for cycling due to extreme temperatures, the demand in Madrid drops down to 80% as could 

be seen in Chapter 3. Figure 43 shows the variation in the probability of use frequency 

depending on the importance assigned to this factor. It is possible to observe that the 

probability of more than 5 times a week uses drops by 8% between those who consider it 

“unimportant” and those who consider it “important”. 

 

Figure 43 Influence of the importance assigned to weather on use frequency 
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The users were asked about their impressions regarding the social status projected by 

using a bicycle. Contrary to what was expected, the use frequency does not significantly 

vary regardless of the perceived social status.  

The average probability of frequent use for the more than 5 times a week category is 32% 

and does not significantly change among the social status perception categories. The 

probability of 2-4 times a week use remains close to 25% and the less frequent use close to 

15% (Figure 44). 

 

Figure 44 Influence of the perceived social status on use frequency 

The life quality gained with cycling is a promoter factor, and this positive effect on 

frequent cycling is represented in Figure 45. The probability to use the service with a 

frequency of more than 5 times a week increases from 21% for those who consider it “very 

unimportant” to 34% for those who consider it “very important”. 

The probability of 2-4 times a week also increases from 23% to 26% as the importance 

assigned to this psychological factor increases, contrary to the probability of less frequent 

use, such as once a week, twice a month or rarely. 
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Figure 45 Influence of the life quality on use frequency 

Since cycling is less susceptible to traffic congestion, the travel time tends to be more 

predictable. This characteristic of cycling encourages its use since allows planning a trip 

with more certainty of the travel time. Figure 46 illustrates this effect since the probability 

of frequent use increases from 21% in those who consider it “very unimportant” to 35% in 

those who consider it “very important”. 

 

Figure 46 Influence of the travel time reliability on use frequency 

6.3.4. Cycling infrastructure 

Cycling infrastructure is a key element in cycling promotion. “Built it and they will 

come” applies also to bike sharing systems. Some results of recent research shown 3.5 times 
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more cyclists after the expansion of the cycling network (Félix et al., 2020). In this section, 

two infrastructure types influencing the use frequency are assessed.  

 

Figure 47 Influence of the satisfaction with bicycle racks on use frequency 

The satisfaction with the availability of convenient space for parking the bicycle in the 

vicinity of the workplace has a significant influence on the probability of frequent use. The 

probability of using the service more than 5 times a week increases from 26% to 41%, from 

those who are “very dissatisfied” to those “very satisfied” (Figure 47). For the lower 

frequency intervals, the probability reduces from 16% to 9% as satisfaction increases. 

Madrid cycling infrastructure can be classified into segregated lanes, central bike lanes 

(between the bus lane and car lanes) and mixed shared lanes (max 30 km/h). 

 

Figure 48 Influence of the satisfaction with the central bike lanes on use frequency 
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The most significant infrastructure influencing use frequency is the satisfaction with the 

central bike lanes. For more than 5 times a week frequency interval, the probability of frequent 

use increases from 28% for those “very dissatisfied” to 37% for those “very satisfied” 
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Chapter 7 Conclusions and policy 

recommendations 

7.1. Conclusions 

The increasing awareness of urgency for improving urban mobility requires the 

implementation of accurate and tailored measures to improve the performance of bike-

sharing systems. In this line, the general objective of this thesis emerges aiming to identify 

the explanatory factors for improving bike-sharing systems' performance, specifically 

focusing on Madrid’s pioneer public e-bike-sharing system. To achieve this objective a 

comprehensive study was conducted on this research based on a triple approach.  

First evaluates the longitudinal evolution, identifying the external factors and internal 

attributes that have driven the growth and stabilization of the system over the years. The 

longitudinal analysis was based on a series of 5 surveys conducted since the system's 

implementation in 2014. The results indicate that some system characteristics were 

determinants for overcoming cycling barriers in Madrid. The factors identified might shed 

light on future implementations and updates that might improve service performance. 

Second, it conducts a detailed analysis by drawing a cutting line in the year 2019, to 

thoroughly evaluate the internal system attributes and their relationship with user 

satisfaction. Whilst former research had focused on evaluating BSS demand and design, less 

attention had been paid to user satisfaction and the complexities (non-linearity) underlying 

the relationships between the system attributes importance and performance. This research 

specifically addresses this matter by applying a novel combination of methodologies, 

identifying key attributes to improve user satisfaction, both subscribers and occasional. 

Third, this study examines to what extend the importance/satisfaction with the key 

attributes and use factors influence use frequency. since use frequency is a key indicator of 

service performance. 

Detailed conclusions are described in the next sections for each core section.  

7.1.1. Key factors for the successful evolution  

This study analyses a set of common factors to identify the key drivers for the successful 

evolution of BiciMAD. The factors were classified among all the categories identified in the 

literature as influential for bicycle adoption, in addition to one new proposed category with 
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factors related to bike-sharing systems. The scheme proposed in Figure 3 could be useful to 

researchers and policy makers aiming to classify or identify factors affecting the use of BSS. 

Cycling infrastructure is one of the most influential built environment factors for 

cycling promotion, in line with previous research such as Orvin & Fatmi, (2021). Dedicated 

cycling lanes, bicycle lanes, and normal streets shared with cars are the most common 

infrastructures of the built environment evaluated. The segregated bike lanes were the most 

important infrastructure in 2014, 2015 and 2016. Although decreased in 2019, probably due 

to the implementation of new exclusive bike lanes and the familiarity of the cyclists with the 

traffic and drivers with cyclists. In addition, the importance assigned to different types of 

parking facilities is analysed, since it is considered a key factor for current and potential 

cyclists (Heinen & Buehler, 2019). Parking facilities in the vicinity of working or study places 

receive the highest importance, likely due to the convenience for commuters. In general, 

BiciMAD users assigned higher scores for importance than satisfaction to Madrid’s cycling 

infrastructures.  

Sociodemographic factors appear to have a somehow close relationship with 

infrastructure gender-wise. If we focus on gender perceptions, some inequalities are 

noticeable. Subscribers were asked in 2019 if they would use more the BSS with more and 

safer dedicated bike lanes (Figure 21). The results suggest that both genders would use it 

more, but women put more value on safer infrastructure indicating more risk aversion. The 

absence of extensive cycling infrastructure might explain the big gender gap in BiciMAD 

subscribers (65% male, 35 female). This is supported by Garrard et al., (2012) and Goodman 

& Cheshire, (2014), who suggest that the significant gender inequity is present due to 

inadequate cycling infrastructure since it decreases the utility of cycling due to women being 

more risk-averse.  

The user profile evolved. Users' age increased, there are more workers and fewer 

students, and higher educated males use the service more frequently than students, 

unemployed or females. These changes might be linked to the possibility to work and live 

within the service area of BiciMAD, which is the city centre of Madrid (higher housing prices 

and rents) and the satisfaction with the cycling infrastructure and risk aversion. The age 

evolution might be related to the Innovation Diffusion Theory (IDT), which states that 

“perceptions of the characteristics of an innovation by potential adopters influence their adoption 

decisions” (Rogers, 2019). IDT classifies adopters into five groups according to their 

innovativeness: (1) Innovators, eager to experiment; (2) Early adopters, individuals with 

opinions to check before adopting an innovation; (3) Early majority, adopters of new ideas 
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before the average, not considered opinion leaders; (4) Late majority, adopters just after the 

average, after being persuaded and/or pressured by peers; (5) Laggards, the last group of 

people in a social system to adopt a new idea, normally, those younger users. It is likely to 

infer that BiciMAD “Early adopters” become “laggards”, in line with previous research 

presented by Munkácsy & Monzon, (2018). These changes are conditioning factors for the 

evolution of the system as some of the younger groups might be encouraged to use their 

own bicycle, leaving the service to older, educated male workers.  

Psychological perceptions and natural environment factors were also 

determinants in BiciMAD success. Interestingly, all the inhibitor factors were assigned with 

higher importance before the service implementation and then reduced in the next years. 

Seems that potential users have pre-established barriers that, once they are overcome, lose 

importance. The most important factors are flexibility and good for the environment, both 

psychological promoters of bicycle usage. The flexibility is related to the door-to-door 

nature of bicycle trips, and the unattachments of BiciMAD, such as parking/storage, 

maintenance, 24/7 availability, etc. To have fun while riding was the factor with the lower 

importance in 2014, in the later years, this factor importance notoriously increased, 

indicating that potential users might not be aware of how fun is to ride a bicycle until they 

try. The street slope remains the less important factor every year, likely conditioned due that 

BiciMAD is a fully electric BSS, reducing the effort needed for cycling compared with a 

normal bicycle, even in Madrid’s hilly streets. 

Service attributes and built environment. The fact that BiciMAD is a pedelec system 

(electric assistance) might be one of the most influential factors for its success. The results 

allow implying that due to this characteristic, the users assigned little importance to natural 

environment factors, such as the slopes of the streets in Madrid. “E-bikes also provide new 

opportunities for people who would not otherwise consider conventional cycling” (Jones et al., 

2016). The increase in satisfaction with the pedelec might be related to the expansion of the 

service to more spread areas of the city. This feature allows users to take longer trips across 

hilly itineraries. In line with this affirmation, the implementation of pedelec line up with the 

evidence that electric bicycles have the potential to deter the use of cars for short trips and 

encourage wider segments of the population to cycle (Félix et al., 2020). The built 

environment factor network extension is a key attribute for improving Madrid’s system. The 

satisfaction has steadily increased over the years (from 19% in 2015 to 36% in 2019), aligned 

with the continuous expansions. Following this path, a complete renovation of the system 

was announced by the service operator. The service will be expanded to all the city districts, 

reaching 600 stations and 7.500 bicycles (Ayuntamiento de Madrid, 2022). 
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After eight years of its implementation, BiciMAD has met its expectations and goals, 

achieving an efficient performance. It has become a sustainable alternative to transportation, 

and influential over users’ behaviour.  

Whereas public transport modes have been severely affected by the COVID-19 

pandemic, BiciMAD proved the resilience and potential of cycling as a safe mode of 

transportation to cope with this adverse situation. This resilience of BSS has been observed 

and reported by other studies (Jobe & Griffin, 2021). 

BiciMAD also had a significant influence on users’ mobility patterns. Its introduction 

represents an inflexion point towards the adoption of cycling in Madrid since it influenced 

the user’s mobility behaviour towards more sustainable habits. Subscribers progressively 

increase the use of their own bicycles and reduce private car, at the time, fewer subscribers 

abandon public transport. The positive effects of the system could be exacerbated if 

appropriate measures are implemented to increase performance and satisfaction with the 

system. The next section addresses this regard by identifying the key endogenous attributes 

of the system to improve performance. 

7.1.2. Key attributes for improving performance 

Although there is abundant research on the relationship between public transport 

quality, satisfaction, and use frequency, less attention has been paid to the application of 

these concepts to the intrinsic elements of a BSS and their relationship with the system 

performance. To explore deeply in this matter, this work proposes and successfully applies 

a new methodology, to clearly identify improvement priorities based on implicit and explicit 

importance. The results provide solid information on the key attributes for enhancing 

satisfaction, building subscribers' loyalty and attracting more users (therefore improving the 

system performance). At the same time, the results validate the applicability of the three-

factor theory, which is prevalent in marketing literature but scarce in transportation. 

This thesis provides more complete information for decision-making than applying the 

two methodologies separately, IPA and the 3FT.  

For instance, bicycle maintenance is determinant for increasing subscribers’ satisfaction 

and network extension is primary for occasional users. By applying the combined 

methodology, it was possible to realize that, even though attributes maintenance and network 

extension fall in the urgent attention applying IPA, they have different priorities when their 

implicit importance is assessed depending on the group of users. On the other hand, if the 



Chapter 7 Conclusions and policy recommendations 

109 
 

same attributes would have been evaluated merely with the 3FT, they would have been 

classified as “key” attributes, lacking the information on their need for improvement.  

Only by applying the new method combination, it is possible to: first, identify that these 

attributes need urgent attention (IPA), and that they are key attributes for users’ implicit 

satisfaction (3FT). Second, to differentiate that maintenance is a priority for subscribers and 

the network extension for occasional users.  

The 24 attributes influencing the user satisfaction of BiciMAD were divided into four 

categories: bicycle, stations and network, tariff, and user interface. The results suggest that 

attributes such as good bicycle manoeuvrability, pedelec system and customer support are key 

factors that might be determinants of user satisfaction. Station occupancy and bicycle 

availability and totem functioning are basic attributes that must meet minimum quality levels 

to enhance the overall satisfaction among both types of users.  

For occasional users, the registration procedure seems to be an entry barrier, as some 

may fail to complete the registration, therefore, this attribute requires urgent improvement. 

The totem functioning is a critical attribute that requires urgent attention since occasional 

users might try to subscribe, and due to malfunctions abandon the process. The importance 

assigned to the network extension by occasional users supports the network effect, described 

in Médard de Chardon et al. (2017) research.  

The results also reveal that the tariffs are excitement factors. The good price-quality 

ratio of the service seems to be an added value of the service, since the good quality of the 

electric bicycles, favour cycling on hilly sections. Notice that any improvement in these 

attributes would have a significant influence over the general satisfaction, even though users 

assign them low explicit importance. This study also demonstrates that user types perceive 

service attributes differently, providing insights to develop tailored interventions for specific 

segments. 

Regarding the methodology, it can be extracted from the results that roughly two-thirds 

of the attributes do not have a linear influence on user satisfaction, confirming the 

advisability of considering the implicit importance. Therefore, the proposed combination of 

methods offers a more granular interpretation of the results for the establishment of 

priorities. Its application might help to identify the most appropriate policy interventions in 

each case. 

Finally, the order of improvement for the attributes should come from a combination of 

the riders’ perspective and a comprehensive evaluation of the cost-effectiveness. The 
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interventions should be oriented to obtain the highest positive impact with the less 

resources. Therefore, the extension to which attribute satisfaction and general factors 

influence cycling frequency is described in the next section. 

7.1.3. Explanatory elements of use frequency probability  

This thesis contributes to the current state of the art, by conducting an immersive 

appraisal of the explanatory factors (and attributes) for improving performance on bike-

sharing systems. Based on the assumption of a relationship between use frequency and user 

satisfaction, a matter of study in the PhD thesis of Velázquez, (2019). This research, takes a 

further step, investigating to what extent each of the system attributes and general factors 

influence the use frequency. 

- User profile and environmental awareness 

As expected, gender is one of the most influential socioeconomic variables in use 

frequency. Women are less likely to frequently use the service, compared with men. By 

appraising the marginal effects, male individuals, have, in a statistically significant way, a 

higher probability of being frequent users, 32% for the higher frequency interval of more than 

5 times a week compared with 28% for women.  

As was described before, higher income reduces the probability of frequent use; in the 

case of more than 5 times a week, it passes from 34% for those with less than 800€ a month, 

to 29% for those who earn over 3200 € a month. 

The self-stated environmental awareness increases the probability of frequent use, from 

24% in those who don´t care at all to 33 % in those who are very concerned, for the higher 

frequency interval. This result is aligned with the influence of green values described in the 

work of Velázquez, (2019). 

- Satisfaction with the system attributes 

The pedelec assistance is already a positively evaluated attribute, therefore, it was 

expected that the influence of the satisfaction would not be as accentuated as it is with other 

attributes. Frequent use of more than 5 times a week increases from 31% for “very dissatisfied” 

to 34% for “very satisfied”. 

The effects of increasing satisfaction with the maintenance have a similar effect on use 

frequency than the electric assistance. 
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The network extension is a key identified attribute with the potential to attract 

occasional users as subscribers of the system. At the same time, improvements in the 

satisfaction levels would lead to an increase in the use frequency. The probability of using 

the system more than 5 times a week increases significantly from 26% for “very dissatisfied” 

users to 40% for “very satisfied”. 

The station occupancy and bicycle availability were identified as “key factors that might 

be determinant on the system performance”. Indeed, by evaluating its influence on use 

frequency it is possible to confirm their relevance. The satisfaction positively influences over 

all the use frequency intervals Figure 38. It increases the probability of high-frequency use 

from 20% for very dissatisfied to 40% for very satisfied. 

- General factors influencing cycling 

The relationship between importance assigned to the safety in traffic and the probability 

of frequent use is negative, accordingly, heavy traffic is a deterrent factor for cycling, and 

people who assign higher importance to this factor is less likely to be frequent user. The 

probability of frequent use reduces from 38% to 30% in those that consider safety in traffic 

“very unimportant” compared to those who consider it “very important”. 

The weather is a well-recognized deterrent factor. When the conditions are not suitable 

for cycling due to extreme temperatures, the demand in Madrid drops down to 80% as could 

be seen in Chapter 3. When the influence of this factor is evaluated, it is possible to observe 

that the probability of more than 5 times a week uses drops by 8% between those who consider 

it “unimportant” and those who consider wheather “important”. 

The perceived social status has little relevance in changing the probability of frequent 

use. On the other hand, life quality is an influential promoter factor, and this positive effect 

on frequent cycling is clear. The probability to use the service with a frequency on more than 

5 times a week increases from 21% for those who consider it “very unimportant” to 34% for 

those who consider it “very important”. Since cycling is less susceptible to traffic congestion, 

the travel time tends to be more predictable. This characteristic of cycling encourages its 

use since allows one to plan a trip with more certainty of the travel time. The probability of 

frequent use increases from 21% in those who consider travel time reliability “very 

unimportant” to 35% in those who consider it “very important”. 

- Cycling infrastructure 

Madrid cycling infrastructure can be classified into segregated lanes, central bike lanes 

(between the bus lane and car lanes) and mixed shared lanes (max 30 km/h). The most 
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significant infrastructure influencing use frequency is the satisfaction with the central bike 

lanes. For more than 5 times a week frequency interval, the probability of frequent use 

increases from 28% for those “very dissatisfied” to 37% for those who are “very satisfied”. 

7.2. Limitations and discussion of the results 

7.2.1. Longitudinal evaluation 

The analysis of the long-term effects of the service implementation suggests that 

subscribers had reduced car usage while slightly increasing their own bicycle use. Even 

though bike-sharing does not directly substitute car trips, as had been stated in numerous 

studies like Ricci, (2015) and Murphy & Usher, (2015), the results suggest that there is a 

usage reduction among BiciMAD subscribers. Other studies also suggest that BSS do not 

significantly act as direct substitutes for car trips, that is the case of (Bieliński et al., 2021), 

which results indicate that do not act as a direct substitute for car trips rather than a first/last 

mile transport. Our results cannot be generalized to the city population since we are 

assessing the responses of service subscribers. 

This study faces the limitation of time continuity since the first and second surveys were 

conducted in consecutive years (2015 and 2016), and the third in 2019. This time spam 

might leave unobserved changes in the evolution of some factors. 

7.2.2. Implications related to the identification of the key attributes 

7.2.2.1. Methodological implications 

This is the first study to apply a combination of the IPA and the Importance Grid in 

transportation research, to graphically identify user importance and satisfaction attributes, 

in a simple but effective way. The results of the combined IPA and the 3FT are consistent. 

In fact, no key attributes (3FT) are classified as low priority (IPA). Most of the unimportant 

attributes (3FT) are either low priority or possible overkill (IPA) attributes. It is also worth 

noticing that the excitement (3F) attributes are either low priority or possible overkill (IPA), 

indicating that these attributes are not explicitly important, but when they perform well 

produce surprise and delight. 

Therefore, it can be deduced that IPA and 3FT methods are complementary, as IPA 

identifies the key elements from the user’s perspective, while 3F guides a better-reasoned 

identification of priorities, in agreement with Wu et al. (2018). The attributes that do not 



Chapter 7 Conclusions and policy recommendations 

113 
 

require any intervention for improvement are well-performing basic or key 3FT attributes or 

attributes falling on the unimportant 3FT quadrant and low priority IPA. 

Indeed, this research presents a structured methodological application of a combination 

of the 3FT and performance/satisfaction level of service evaluation. Previous research on 

the application of the before-mentioned combination has accomplished satisfactory but 

limited results. For instance, Yin et al., (2016) evaluated 27 attributes from residential 

neighbourhoods. Despite they intend to combine 3FT with IPA, once they classify the 

factors according to the first method, they use factors performance to set a priority order, 

without actually combining it with IPA. Instead of using the defined strategies from IPA 

(keep up, focus here, low priority and overkill), they set thresholds of performance by dividing 

the 27 evaluated attributes into three equal parts. “The top nine are the best-performed 

attributes; the last nine are the worst-performed attributes, and other attributes have mediocre 

performance” [P468 to 469].  

In this thesis, we use the well-established IPA strategies, combined with the Importance 

Grid to generate a three-dimensional scheme to set 4 priority orders. The application of this 

methodology could be replicated to assess other modes of public transport or to other BSS. 

To conduct the beforementioned evaluation, a customer satisfaction survey including 

questions addressing the importance and satisfaction of each attribute evaluated is required. 

Considering all these elements might enlarge the survey extension, limiting the capacity to 

conduct other complementary analyses. 

As with other satisfaction surveys measured on a five-point Likert scale, the distribution 

was skewed to the left.  

7.2.2.2. Practical implications of the identification of the attributes 

In this thesis, improvement priorities for subscribers and occasional users were 

identified. Maintenance is a low-performing attribute influential on subscribers’ satisfaction, 

and network extension for occasional users. Depending on the strategy, the service operator 

should concentrate resources either to build subscribers' loyalty or try to convince 

occasional users to subscribe. Nevertheless, there are common priorities, that might be 

better cost-effective-wise, such as bicycle availability and totem functioning. 

Regarding the data collection process, the feedback received suggested that the survey 

was too long, as respondents had to rate both the importance and performance of the 24 

attributes. Nonetheless, we obtained a significant number of responses, probably due to the 

cyclists’ positive engagement with BiciMAD. Other transport modes might not enjoy this 
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effect of community support, complicating the process of data collection and achieving a 

representative sample. 

7.3. Future research lines  

This research work conducts a satisfaction appraisal on two general groups: subscribers 

and occasional users. Further research might concentrate on the evaluation of specific user 

segments, especially those with accentuated inequalities.  

Probably one of the most notorious is the gender gap between users. Further 

investigation is needed to understand the drivers behind these large differences, especially 

aiming to reduce the breach. There is an opportunity to increase the number of users by 

encouraging women to cycle. Women are more susceptible to risks, thus appropriate 

measures to improve safety might encourage them and other profiles to cycle. 

The accurate identification of attributes and factors that could promote cycling among 

a wider variety of profiles promotes social equity and more liveable cities. Further studies 

could focus on the quantitative evaluation of the influence of policy interventions on specific 

attributes on overall satisfaction through the application of regression models. In addition, 

it would be recommended to include a question enquiring about the probability to 

recommend the service, applying a Net Promoter Score, and evaluating the service loyalty 

in future research. 

Other related research lines might focus on the opportunity that the COVID-19 

pandemic brought to cycling, to keep up with policy implementations that help to retain the 

users encouraged to subscribe due to the risk of contagion. Also, new guidelines for resilient 

transportation systems with the inclusion of bike-share systems and other micro-mobility 

options could be derived from this research. 

Since active campaigns for sustainable mobility are relatively recent in Madrid, further 

investigation is needed to assess the influence of the policies implemented in favour of 

cycling and walking, such as the SUMP Madrid 360. 

Occasional users represent 3% of BiciMAD demand, therefore, implementing measures 

to attract this user segment might have limited effects on the service. Therefore, it would be 

recommended to conduct a cost-effective evaluation of the measures to be implemented 

based on the objectives to be achieved. Based on the user-centric and cost-effective 

evaluation, service providers and cities can draw tailored interventions to attract and retain 

users of active and sustainable modes, improving life quality in cities. 
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Table A. Iterative process of modelling to achieve the explicative frequency model 

Variables M1 M2 M3 M4 M5 M6 M8 MDef 

B3_FrecBMad_GLOBAL Coef P>z Coef. P>z Coef. P>z Coef. P>z Coef. P>z Coef. P>z Coef. P>z Coef Std. Err. z P>z [95% Conf. Interval] OR-1 

2.C1_Gender -0,285 0,000 -0,251 0,000 -0,262 0,000 -0,260 0,000 -0,266 0,000 -0,266 0,000 -0,270 0,000 -0,270 0,056 -4,840 0,000 -0,380 -0,161 -0,237 

C8_MonthIncome -0,045 0,018 -0,045 0,041 -0,050 0,022 -0,048 0,029 -0,048 0,027 -0,048 0,028 -0,046 0,033 -0,046 0,022 -2,130 0,033 -0,089 -0,004 -0,045 

C2_Age_Years -0,001 0,722 -0,002 0,417                                   

A2_Bike_number -0,080 0,002 -0,093 0,000 -0,100 0,000 -0,098 0,000 -0,098 0,000 -0,098 0,000 -0,101 0,000 -0,101 0,025 -4,030 0,000 -0,150 -0,052 -0,096 

A5_Travel_timeMin -0,023 0,000 -0,023 0,000 -0,023 0,000 -0,023 0,000 -0,023 0,000 -0,023 0,000 -0,023 0,000 -0,023 0,002 -13,720 0,000 -0,027 -0,020 -0,023 

A6_Env_awareness 0,144 0,000 0,139 0,000 0,139 0,000 0,139 0,000 0,138 0,000 0,139 0,000 0,142 0,000 0,142 0,032 4,500 0,000 0,080 0,204 0,153 

B_SatBK_Handling 0,270 0,000 0,278 0,000 0,281 0,000 0,288 0,000 0,287 0,000 0,285 0,000 0,283 0,000 0,283 0,045 6,230 0,000 0,194 0,372 0,327 

B_SatBK_Pedelec 0,094 0,040 0,096 0,035 0,090 0,047 0,093 0,042 0,092 0,045 0,092 0,043 0,095 0,037 0,095 0,046 -2,080 0,037 -0,184 -0,006 0,100 

B_SatBK_SpeedPower 0,128 0,003 0,126 0,004 0,131 0,003 0,126 0,004 0,126 0,004 0,126 0,004 0,126 0,004 0,126 0,043 -2,910 0,004 -0,211 -0,041 0,135 

B_SatBK_Batery 0,087 0,008 0,081 0,013 0,085 0,009 0,079 0,015 0,080 0,013 0,081 0,012 0,080 0,013 0,080 0,032 -2,490 0,013 -0,144 -0,017 0,084 

B_SatBK_BikeDesign 0,025 0,472                                  

B_SatBK_Maintenance 0,044 0,124 0,047 0,102 0,056 0,045 0,056 0,044 0,057 0,040 0,055 0,046 0,054 0,049 0,054 0,028 1,970 0,049 0,000 0,108 0,056 

B_SatST_Network 0,139 0,000 0,144 0,000 0,140 0,000 0,143 0,000 0,144 0,000 0,144 0,000 0,144 0,000 0,144 0,025 5,770 0,000 0,095 0,193 0,155 

B_SatST_Separation 0,003 0,923                                  

B_SatST_Pins 0,047 0,140 0,049 0,118                              

B_SatST_Availab 0,302 0,000 0,296 0,000 0,285 0,000 0,283 0,000 0,283 0,000 0,285 0,000 0,286 0,000 0,286 0,028 -10,050 0,000 -0,342 -0,230 0,331 

B_SatTAR_Year 0,057 0,046 0,054 0,056 0,046 0,082 0,066 0,017 0,066 0,017 0,066 0,017 0,065 0,019 0,065 0,028 2,350 0,019 0,011 0,119 0,067 

B_SatTAR_1st05hSus 0,050 0,129 0,051 0,116                              

B_SatTAR_Nxt05hSus 0,100 0,003 0,097 0,004     0,073 0,012 0,072 0,013 0,073 0,012 0,072 0,014 0,072 0,029 -2,460 0,014 -0,128 -0,015 0,074 

B_SatTAR_DiscSat 0,236 0,000 0,229 0,000 0,233 0,000 0,243 0,000 0,243 0,000 0,243 0,000 0,242 0,000 0,242 0,032 7,500 0,000 0,179 0,305 0,274 

B_SatTAR_DiscRes -0,010 0,860                                       

B_SatINTRF_App 0,093 0,001 0,100 0,000 0,101 0,000 0,099 0,000 0,099 0,000 0,101 0,000 0,102 0,000 0,102 0,026 -3,870 0,000 -0,154 -0,050 0,107 

B_SatINTRF_Web -0,036 0,381                                  

B_SatINTRF_Totem -0,036 0,264 -0,035 0,266 -0,024 0,420 -0,022 0,468 -0,021 0,485                  

B_SatINTRF_CustSupp 0,130 0,000 0,127 0,000 0,131 0,000 0,131 0,000 0,131 0,000 0,129 0,000 0,128 0,000 0,128 0,031 4,160 0,000 0,068 0,188 0,136 

B_SatINTRF_Notif 0,082 0,043 0,074 0,060 0,067 0,084 0,067 0,087 0,068 0,083 0,065 0,095 0,067 0,085 0,067 0,039 1,720 0,085 -0,009 0,143 0,069 

B14_FactImp_Traffic -0,083 0,050 -0,075 0,075     -0,073 0,082 -0,076 0,069 -0,076 0,068 -0,074 0,074 -0,074 0,042 -1,790 0,074 -0,156 0,007 -0,072 

B14_FactImp_TravTimeReliab 0,198 0,000 0,195 0,000 0,173 0,000 0,198 0,000 0,195 0,000 0,195 0,000 0,193 0,000 0,193 0,042 4,570 0,000 0,110 0,276 0,213 

B14_FactImp_LowCost 0,041 0,388 0,045 0,333                              

B14_FactImp_Availability 0,135 0,033 0,160 0,010 0,178 0,003 0,182 0,002 0,151 0,004 0,152 0,004 0,144 0,006 0,144 0,053 2,730 0,006 0,040 0,247 0,154 

B14_FactImp_Flexibility -0,079 0,160 -0,060 0,236 -0,059 0,237 -0,058 0,252                      

B14_FactImp_ParkEasiness 0,053 0,384                                  

B14_FactImp_Confort 0,017 0,670                                  

B14_FactImp_HealthBenefits -0,043 0,290 -0,037 0,356                              

B14_FactImp_TrafficSafe -0,107 0,004 -0,103 0,004 -0,116 0,001 -0,110 0,002 -0,114 0,001 -0,114 0,001 -0,107 0,003 -0,107 0,036 -3,000 0,003 -0,176 -0,037 -0,101 

B14_FactImp_EnvBenef 0,071 0,172 0,074 0,154 0,090 0,073 0,085 0,090 0,084 0,095 0,085 0,092 0,089 0,077 0,089 0,050 -1,770 0,077 -0,188 0,010 0,093 

B14_FactImp_Weather -0,148 0,000 -0,145 0,000 -0,154 0,000 -0,152 0,000 -0,153 0,000 -0,153 0,000 -0,155 0,000 -0,155 0,039 -3,970 0,000 -0,231 -0,079 -0,144 
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B14_FactImp_LifeQuality 0,240 0,000 0,238 0,000 0,219 0,000 0,225 0,000 0,224 0,000 0,223 0,000 0,214 0,000 0,214 0,050 4,250 0,000 0,116 0,313 0,239 

B14_FactImp_Relaxing 0,214 0,000 0,216 0,000 0,204 0,000 0,205 0,000 0,203 0,000 0,203 0,000 0,115 0,001 0,115 0,034 3,350 0,001 0,048 0,182 0,121 

B14_FactImp_Fun -0,138 0,003 -0,135 0,003 -0,133 0,003 -0,135 0,003 -0,135 0,003 -0,135 0,003 -0,135 0,003          

B14_FactImp_StreetSlope -0,030 0,354 -0,031 0,345                                   

B15_BikeSocStat -0,024 0,088 -0,025 0,078 -0,028 0,048 -0,026 0,062 -0,026 0,063 -0,026 0,062 -0,028 0,045 -0,028 0,014 -2,010 0,045 -0,056 -0,001 -0,028 

B17_InfraSat_StreetRack 0,047 0,163                                       

B17_InfraSat_LeisureRack 0,066 0,101                                  

B17_InfraSat_WorkRack 0,068 0,039 0,098 0,000 0,094 0,001 0,094 0,001 0,096 0,000 0,095 0,000 0,094 0,000 0,094 0,027 3,510 0,000 0,042 0,147 0,099 

B17_InfraSat_PTaccess -0,056 0,090                                  

B17_InfraSat_Top30kmh -0,008 0,793 -0,010 0,737                              

B17_InfraSat_SegBKlane -0,005 0,830 -0,004 0,861 -0,008 0,745 -0,007 0,754                      

B17_InfraSat_CentBKlane 0,044 0,083 0,046 0,070 0,046 0,069 0,046 0,072 0,047 0,029 0,046 0,031 0,045 0,035 0,045 0,021 2,110 0,035 0,003 0,087 0,046 

B17_InfraSat_MixBKlane 0,011 0,672 0,013 0,621 0,013 0,603 0,013 0,598                           
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BIENVENIDO

TRANSyT	y	tGIS,	Centro	de	Investigacion	Conjunto	entre	UPM	y	UCM,	en	el
marco	de	la	Cátedra	Extraordinaria	MOVILIDAD	CICLISTA	EMT-UCM	está
realizando	una	encuesta	para	estudiar	la	movilidad	ciclista	en	Madrid	y	la
opinión	de	los	ciudadanos	acerca	del	servicio	público	de	bicicletas	BiciMAD.	

Esta	encuesta	pretende	identificar	los	aspectos	y	características	del	servicio
más	relevantes	para	usted,	de	manera	que	se	puedan	implementar	mejores
prácticas	de	gestión.

¡Su	opinión	es	muy	importante	para	nosotros!	

Participará	en	el	SORTEO	DE:
1	vale	de	regalo	por	valor	de	150€	del	Corte	Ingles	
1	vale	de	regalo	por	valor	de	100€	del	Corte	Ingles	
1	vale	de	regalo	por	valor	de	50€	del	Corte	Ingles	
4	vales	de	regalo	por	valor	de	20€	del	Corte	Ingles
entre	las	personas	que	completen	la	encuesta.

Al	pulsar	"Siguiente"	accederá	al	cuestionario,	que	dura	15–18	minutos.	El
plazo	para	realizar	la	encuesta	es	de	una	semana	desde	la	fecha	en	la	que	se
le	entregó	la	tarjeta/recibió	el	enlace.	

Si	tiene	alguna	duda,	puede	ponerse	en	contacto	con	nosotros	en	la	siguiente
dirección	de	correo	electrónico:	bicimad@transyt-projects.com

En	cumplimiento	de	lo	dispuesto	en	la	Ley	Orgánica	3/2018,	de	5	de	diciembre,	de
Protección	de	Datos	Personales	y	Garantías	Digitales,	le	informamos	que	los	datos	de
carácter	personal	que	facilite	en	este	formulario,	pasarán	a	formar	parte	de	un	fichero,

titularidad	de	TRANSyT	(UPM)	y	tGIS	(UCM)	que	serán	gestionados	con	la	única	finalidad	de
identificación	de	los	ganadores	del	sorteo	de	esta	encuesta,	y	mediante	su	consentimiento,

información	relacionada	a	los	objetivos	de	la	investigación.

¡Muchas	gracias	por	su	colaboración!



NÚMERO	DE	ACCESO

Por	favor,	introduzca	el	NÚMERO	DE	ACCESO*	al	cuestionario	:

*EL	CÓDIGO	QUE	INDICA	EN	EL	TARJETON	QUE	LE	FUE	ENTREGADO
*SU	DNI/NIE	EN	CASO	DE	HABER	RECIBIDO	ESTA	ENCUESTA	POR	CORREO	ELECTRÓNICO	O	HABER
ACCEDIDO	VÍA	ONLINE.
*EL	CÓDIGO	ES	PERSONAL	(NO	DA	DERECHO	A	MÁS	DE	UN	PREMIO	POR	PERSONA).	
*TIENE	QUE	PRESENTAR	EL	TARJETON	RECIBIDO	PARA	RECOGER	EL	PREMIO.	PARA	TODOS	LOS	CASOS
DEBERÁ	PRESENTAR	SU	DNI/NIE.	

USTED	Y	LA	BICICLETA

En	esta	sección	del	cuestionario	encontrará	preguntas	acerca	de	su	relación	con	la	bicicleta	como	modo	de
transporte	urbano,	ademas	de	otras	preguntas	relacionadas	a	sus	hábitos	de	movilidad.		

A1.	¿Sabe	montar	en	bicicleta?	

Si

No

USTED	Y	LA	BICICLETA

A2.	¿Cuántas	bicicletas	tiene	a	disposición	en	el	hogar?	

0

1

2

3	o	más

USTED	Y	LA	BICICLETA



	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(ej.	dar	un
paseo)

Salir	de	noche

Otros	viajes

A21.	¿Con	qué	frecuencia	usa	SU	bicicleta?	

A22	¿Qué	tipo	de	bicicleta	tiene?	(puede	marcar	más	de	una)	

Plegable

Urbana

Montaña

Bicicleta	de	carrera

Bicicleta	de	ciclo-turismo

Eléctrica

Otra	(especifique)

USTED	Y	LA	BICICLETA

A23	¿Dónde	guarda	su	bicicleta?	

Casa

Trastero

Plaza	de	Garaje

Aparcamiento	Público

A24	¿Conoce	Bicipark?	

Si

No



A25	¿Pagaría	por	guardar	su	bicicleta	en	un	espacio	acondicionado	y	vigilado	de	un
aparcamiento	público?	

Sí,	hasta	10€	al	mes

Sí,	hasta	15€	al	mes

Sí,	hasta	20€	al	mes

No

A	continuación,	se	le	preguntará	sobre	sus	hábitos	de	viaje	en	general.

SUS	HÁBITOS	DE	MOVILIDAD

	 Andando
Transporte
público Coche Moto Bicicleta Otro	modo No	aplica

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(ej.	dar	un
paseo)

Salir	de	noche

Otros	viajes

A3.	¿Cuál	es	su	modo	de	transporte	habitual	en	los	siguientes	viajes?	En	caso	de	varios
modos	de	transporte,	marque	el	que	considera	el	modo	más	relevante.	

En	dias	laborables

En	fin	de	semana/festivos

A4	¿Cuántos	viajes	a	la	semana	suele	hacer	en	entorno	urbano?	Ej.	Ida	y	vuelta	al
trabajo/universidad	son	dos	viajes	al	día,	lo	que	resulta	en	10	a	la	semana.		

A5	¿Cuánto	tiempo	le	toma	su	viaje	mas	frecuente?	(en	minutos,	de	puerta	a	puerta)	

No	lo	tomo	en	cuenta
Lo	tomo	en	cuenta

poco Indiferente Lo	tomo	en	cuenta
Lo	tomo	muy	en

cuenta

A6	¿Se	considera	una	persona	concienciada	con	el	medio	ambiente	a	la	hora	de	decidir	sus
modos	de	transporte?	

USTED	Y	LA	BICICLETA



A7	¿Conoce	el	sistema	público	de	bicicletas	compartidas	BiciMAD?		

Si

No

USTED	Y	LA	BICICLETA

A8	¿Qué	tipo	de	usuario	de	BiciMAD	es?	

Abonado

Ocasional,	he	usado	el	servicio,	pero	no	soy	abonado

No	soy	usuario	del	servicio

A	continuación,	se	le	harán	algunas	preguntas	relacionadas	con	el	uso	del	servicio
BiciMAD,	así	como	su	satisfacción	y	la	importancia	que	le	da	a	ciertas
características	del	sistema.

USTED	Y	BiciMAD	

	 Año Mes

Año	y	mes

B1.	¿Desde	cuándo	está	abonado	al	sistema	BiciMAD?	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(ej.	dar	un
paseo)

Salir	de	noche

Por	trabajo	(reparto
a	domicilio)

B2	¿Con	qué	frecuencia	usa	BiciMAD	por	los	siguientes	motivos?	

	 5	o	más	veces
por	semana

2	-	4	veces	por
semana

Una	vez	a	la
semana

1	-	2	veces	al
mes Ocasionalmente

Frecuencia	de	uso
global

B3	En	total	¿Con	que	frecuencia	usa	BiciMAD?	



USTED	Y	BiciMAD	

B4	¿Antes	de	usar	BiciMAD,	que	medio	de	transporte	usaba	para	realizar	el	mismo	viaje?

No	hacia	esta	ruta

Andando

Transporte	público

Coche

Coche	compartido

Moto

Moto	compartida

Bicicleta	propia

Bicicleta	MOOBIKE	(bicicletas	naranjas	sin	base)

Patinete

Otro	(especifique)

B5	De	no	existir	BiciMAD,	¿Qué	otro	modo	de	transporte	usaría	para	los	viajes	que
actualmente	hace	en	BiciMAD?	

No	hacia	esta	ruta

Andando

Transporte	público

Coche

Coche	compartido

Moto

Moto	compartida

Bicicleta	propia

Bicicleta	MOOBIKE	(bicicletas	naranjas	sin	base)

Patinete

Otro	(especifique)

A	continuación,	valore	la	IMPORTANCIA	que	tienen	para	usted	las	siguientes
características	de	BiciMAD.
Por	favor	tome	en	cuenta	que	primero	se	le	preguntará	sobre	la	importancia	y
luego	podrá	indicar	su	satisfacción.

USTED	Y	BiciMAD	-	IMPORTANCIA



	 Nada
importante

Poco
importante Indiferente Importante

Muy
importante

Maniobrabilidad/Facilidad	de
uso

Asistencia	al	pedaleo

Velocidad,	aceleración,
potencia

Duración	de	la	batería

Ergonomía	y	diseño	de	la
bicicleta

Utilidad	del	trasportín

Mantenimiento	de	las	bicicletas

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	las	bicicletas	de	BiciMAD:	

	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Red	extensa

Distancia	entre	las
estaciones

Funcionamiento	de
los	anclajes

Ocupación	de	las
estaciones	y
disponibilidad	de
bicicletas

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	las	estaciones	de	BiciMAD:



	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Cuota	anual	(25€
para	residentes,
15€	para	titulares
del	abono	de
transportes)

Tarifa	por	primera
media	hora	de	uso
(0.50€)

Siguientes
fracciones	de	30
min.	Para	inscritos
(0.60€)

Tarifa	de	primer
hora	para	usuarios
ocasionales	(2€)

Siguientes
fracciones	de	60
min.	Para	usuarios
ocasionales	(4€)

Descuento	por
coger	la	bicicleta	en
una	estación
saturada	(0.10	€)

Descuento	por
reserva	de	anclaje
en	el	destino	(0.10
€)

Opine	la	IMPORTANCIA	de	las	sgtes.	características	de	las	tarifas	de	BiciMAD:	

	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Aplicación	móvil

Página	web

Funcionamiento	del
tótem

Procedimiento	de
alta	y	registro

Notificaciones	por
correo	electrónico

Atención	al	cliente	y
de	incidencias

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	la	interfaz	con	el	usuario	de
BiciMAD:	

A	continuación,	indique	el	grado	de	SATISFACCIÓN	con	las	siguientes
características	en	el	uso	de	BiciMAD

USTED	Y	BICIMAD	-	SATISFACCIÓN



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Maniobrabilidad/Facilidad
de	uso

Asistencia	al	pedaleo

Velocidad,	aceleración,
potencia

Duración	de	la	batería

Ergonomía	y	diseño	de	la
bicicleta

Utilidad	del	trasportín

Mantenimiento	de	las
bicicletas

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	las	bicicletas	de	BiciMAD:

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Extensión	actual	de
la	red

Distancia	entre	las
estaciones

Diseño	de	las
estaciones

Funcionamiento	de
los	anclajes

Ocupación	de	las
estaciones	y
disponibilidad	de
bicicletas

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	las	estaciones	de	BiciMAD:	



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Cuota	anual	(25€
para	residentes,
15€	para	titulares
del	abono	de
transportes)

Tarifa	por	primera
media	hora	de	uso
(0.50€)

Siguientes
fracciones	de	30
min.	Para	inscritos
(0.60€)

Tarifa	de	primer
hora	para	usuarios
ocasionales	(2€)

Siguientes
fracciones	de	60
min.	Para	usuarios
ocasionales	(4€)

Descuento	por
coger	la	bicicleta	en
una	estación
saturada	(0.10	€)

Descuento	por
reserva	de	anclaje
en	el	destino	(0.10
€)

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	las	tarifas	de	BiciMAD:	

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Aplicación	móvil

Página	web

Funcionamiento	del
tótem

Procedimiento	de
alta	y	registro

Notificaciones	por
correo	electrónico

Atención	al	cliente	y
de	incidencias

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	la	interfaz	con	el	usuario
de	BiciMAD:	

USTED	Y	BICIMAD



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Satisfacción	global

B6	¿Cuál	es	su	satisfacción	general	con	el	servicio	de	bicicleta	publica	BiciMAD?	

	 Totalmente	en
desacuerdo En	desacuerdo Indiferente De	acuerdo

Totalmente	de
acuerdo

La	cuota	anual
fuera	más	baja

La	primera	hora	de
uso	fuera	gratuita

Estuviera	disponible
en	otras	zonas	de	la
ciudad

Hubiera	más
carriles	bici

Los	carriles	bici
dieran	más
seguridad

La	velocidad
máxima	de	los
coches	se	redujera
a	30	km/h	en	todo	el
viario

Las	bicicletas	de
BiciMAD	fueran
más	sencillas	de
usar

Si	la	app/tótem
fueran	más
intuitivos

B7	¿Utilizaría	más	las	bicicletas	de	BiciMAD	si…?	

B8	¿Qué	le	motivó	a	usar	por	primera	vez	una	bicicleta	de	BiciMAD?	(puede	marcar	varias)

Por	recomendación	de	amigos	o	familiares

Por	la	información	en	los	medios

Porque	me	parece	más	económica	que	otros	modos	de	transporte

Por	ver	que	la	gente	la	usaba

Por	mi	experiencia	de	bicicleta	pública	en	otras	ciudades

Porque	me	parecía	más	rápida	que	otros	modos	de	transporte

Para	hacer	deporte

Porque	me	parece	más	ecológica	que	otros	modos

Por	curiosidad

Otra	(especifique)



B9	¿Tiene	intención	de	renovar	su	abono	el	próximo	año?	

Si

No

USTED	Y	BICIMAD

	 Mucho	menos	que
antes Menos No	hay	cambios Más

Mucho	más	que
antes

Viajes	en
transporte
público

Viajes	en
coche

Viajes	en
moto

Viajes	en
bicicleta
(propia)

Viajes	en
coche
compartido

Viajes	en
moto
compartida

Viajes	en
bicicleta
de	uso
compartido

Viajes
andando

Número
total	de
viajes

Duración
de	sus
viajes

Distancia
total	de
sus	viajes

B10	¿Cómo	han	cambiado	sus	hábitos	de	viaje	después	de	BiciMAD?	Responda	si
actualmente	viaja	más	o	menos	que	antes	de	usar	BiciMAD.	

B11	¿Cuánto	tiempo	dura	su	viaje	más	frecuente	con	BiciMAD?	en	minutos	

USTED	Y	BICIMAD



B12	¿Sabía	que	BiciMAD	pasó	a	ser	operado	en	2016	por	la	Empresa	Municipal	de
Transportes	(EMT)?	

Si

No

	 Empeoró	mucho Empeoró Sigue	igual Mejoró Mejoró	mucho

Disponibilidad	de
bicicletas	en
estaciones

Mejora	del	sistema
de
anclaje/desanclaje

Errores	en	las	bases
(Que	no	reconozca
que	la	bici	fue
devuelta)

Estado	de
mantenimiento	de
las	bicicletas

Aplicación	móvil

Sistema	de	alta	y
registro

B13	Entre	finales	de	2016	y	la	actualidad,	¿Ha	notado	un	cambio	en	la	calidad	del	servicio
de	BiciMAD	en	los	siguientes	aspectos?	

A	continuación,	se	le	preguntará	sobre	la	importancia	de	ciertos	factores	para	el
uso	de	la	BICICLETA	EN	GENERAL.

FACTORES	IMPORTANTES	EN	EL	USO	DE	LA	BICICLETA



	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Fluidez	en	el	tráfico

Fiabilidad	de
tiempo	de	viaje

Bajo	coste

Disponibilidad
inmediata

Flexibilidad,	puerta
a	puerta

Facilidad	para
aparcar

Confort

Beneficios	para	la
salud

Seguridad	en	el
tráfico

Beneficios
medioambientales

Clima

Mejora	de	calidad
de	vida

Relajante

Divertida

Pendiente	de	las
calles

B14	Valore	la	importancia	de	los	siguientes	factores	sobre	el	uso	de	la	bicicleta	en	general.

B15	Considera	que	el	uso	de	la	bicicleta	proyecta	una	imagen	de	estatus	social…	

Bajo Es	indiferente Alto

Por	favor	tome	en	cuenta	que	primero	se	le	preguntara	sobre	la	IMPORTANCIA	y
a	continuación	se	le	preguntara	sobre	su	SATISFACCIÓN	con	las
mismas	infraestructuras.

FACTORES	IMPORTANTES	EN	EL	USO	DE	LA	BICICLETA

http://createweb_export-vip.w8.jungle.tech/create/survey/view?sm=SSQizd5g_2Bp9D_2FC6UtUkOch2he8yvJHTkmUvyum3NAx2BTOQMIkEt7ngyGG_2FYSRpF&include_border=False&include_images=False&include_survey_title=False&exclude_page_breaks=True&no_theme=True&print_orientation=Portrait&page_size=A4#


	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Aparcabicis	seguros
en	la	vía	pública

Aparcabicis	en
centros	de	ocio	y
establecimientos
públicos

Aparcabicis	y
duchas	en	el	lugar
de	trabajo/estudio

Acceso	con	bicicleta
al	transporte
público

Límite	de	velocidad
30	km/h	en	todo	el
viario

Carril	bici
segregado	de	doble
sentido	(ej.	Santa
Engracia)

Carriles	bici
centrales	(Entre
carril	bus	y	coches
ej.	Sagasta,
Carranza,	Alberto
Aguilera)

Ciclocalles
compartidas	con	el
trafico	motorizado
(límite	de	velocidad
de	30	km/h)

B16	Valore	la	IMPORTANCIA	de	las	siguientes	infraestructuras	para	el	uso	de	la	bicicleta
en	general.	



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

Aparcabicis	seguros
en	la	vía	pública

Aparcabicis	en
centros	de	ocio	y
establecimientos
públicos

Aparcabicis	y
duchas	en	el	lugar
de	trabajo/estudio

Acceso	con	bicicleta
al	transporte
público

Límite	de	velocidad
30	km/h	en	todo	el
viario

Carril	bici
segregado	de	doble
sentido	(ej.	Santa
Engracia)

Carriles	bici
centrales	(Entre
carril	bus	y	coches
ej.	Sagasta,
Carranza,	Alberto
Aguilera)

Ciclocalles
compartidas	con	el
trafico	motorizado
(límite	de	velocidad
de	30	km/h)

B17	Valore	su	nivel	de	SATISFACCIÓN	con	las	siguientes	infraestructuras	ciclista	de
Madrid	

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Satisfacción	global

B18	Cuál	es	su	satisfacción	global	con	la	infraestructura	ciclista	de	Madrid?	

A	continuación,	se	le	preguntará	sobre	el	uso	de	otros	sistemas	de	movilidad
compartida.

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B19	¿Es	usuario	de	algún	otro	servicio	de	bicicletas	de	uso	público	sin	estaciones?		

Mobike

No	soy	usuario

Otro	(especifique)



OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B191	¿Cuál	es	el	atributo	que	más	le	gusta	de	ese	tipo	de	bicicletas	de	uso	público?		

Flexibilidad	(No	necesita	estaciones)

Tarifa

Menor	tiempo	total	de	viaje,	al	no	tener	que	ir	a	una	estación

Calidad	de	la	bicicleta

Diseño/ergonomía	de	la	bicicleta

Amigable	con	el	medio	ambiente

B192	¿Le	resulta	fácil	encontrar	una	bicicleta	de	uso	público	sin	estaciones	a	menos	de	10
minutos	andando?	

Si

No

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B193	¿Está	satisfecho	con	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

A	diario
Varias	veces	por

semana
Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

B194	¿Con	qué	frecuencia	usa	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B20	¿Es	usuario	de	algún	servicio	de	patinetes	de	uso	público?	

Scoot

No	soy	usuario

Otro	(especifique)

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA



B201	¿Cuál	es	el	atributo	que	más	le	gusta	de	los	patinetes?		

Flexibilidad	(No	necesita	estaciones)

Tarifa

No	es	necesario	pedalear

Menor	tiempo	total	de	viaje

Es	divertido

Amigable	con	el	medio	ambiente

B202	¿Le	resulta	fácil	encontrar	un	patinete	de	uso	público	a	menos	de	10	minutos
andando?	

Si

No

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B203	¿Está	satisfecho	con	el	servicio	de	patinetes	de	uso	público?	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(dar	un
paseo)

Salir	de	noche

Otros	viajes

B204	¿Con	qué	frecuencia	usa	el	servicio	de	patinetes	de	uso	público?	

A	continuación,	se	le	preguntará	sobre	el	uso	de	la	bicicleta	en	Madrid	Central

LA	BICICLETA	EN	MADRID	CENTRAL

B21	¿Ha	circulado	en	bicicleta	en	Madrid	Central	desde	su	implantación	en	diciembre
2018?	

Si

No

LA	BICICLETA	EN	MADRID	CENTRAL



	 Empeoró	mucho Empeoró Sigue	igual Mejoró Mejoró	mucho

Reducción	de
tráfico

Seguridad	en	el	uso
de	la	bici

Reducción	de
velocidad	de	los
coches

Contaminación

Incremento	el	uso
de	la	bicicleta

Incremento	de	uso
del	transporte
publico

B211	Valore	si	Madrid	Central	ha	mejorado	las	condiciones	para	el	uso	de	la	bicicleta	en	el
en	los	siguientes	aspectos	

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B212	¿Está	satisfecho	con	el	cambio	de	condiciones	para	usar	la	bicicleta	en	Madrid
Central?	

	 Mucho	menos
que	antes Menos Sigue	igual Más

Mucho	más	que
antes

Transporte	público

Bicicleta	propia

Coche	propio

Moto	propia

Coche	de	uso
compartido

Moto	de	uso
compartido

Andando

BiciMAD

Bici	de	uso
compartido	sin
estaciones

Patinete	de	uso
compartido

B213	¿Cómo	han	cambiado	sus	hábitos	de	viaje	después	de	Madrid	Central?	Responda	si
actualmente	viaja	más	o	menos	que	antes	de	la	implantación	de	la	medida.	Si	no	dispone
del	modo,	marque	"sigue	igual"	

USTED	Y	BiciMAD



A	continuación,	se	le	harán	algunas	preguntas	relacionadas	con	el	uso	del	servicio
BiciMAD,	así	como	su	satisfacción	y	la	importancia	que	le	da	a	ciertas
características	del	sistema.

B1	¿Antes	de	usar	BiciMAD,	había	probado	algún	otro	sistema	de	bicicletas	públicas?	

Si

No

	 Año Mes

Año	y	mes

B2	¿Cuando	usó	de	forma	ocasional	BiciMAD	por	primera	vez?	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio/turismo	en
Madrid	(ej.	dar	un
paseo)

Salir	de	noche

Por	trabajo	(reparto
a	domicilio)

B3	¿Con	qué	frecuencia	usa	BiciMAD	por	los	siguientes	motivos?	

USTED	Y	BiciMAD	

B4	¿Cuándo	usó	BiciMAD	por	última	vez?	

Durante	esta	semana

Hace	dos	semanas

Entre	uno	o	tres	meses	atrás	

Entre	cuatro	o	doce	meses	atrás	

Hace	un	año	o	más

Antes	de	2017



B5	¿Por	qué	razón	usó	el	servicio	por	última	vez?	

Desplazamiento	al	trabajo/centro	de	estudios

Ir	de	compras

Hacer	pequeños	recados

Visitar	amigos	o	familiares

Por	ocio	(dar	un	paseo)

Salir	de	noche

Otros	viajes

B6	De	no	existir	BiciMAD,	¿Qué	otro	modo	de	transporte	habría	usado	en	ese	viaje?	

No	hacia	esta	ruta

Andando

Transporte	público

Coche

Coche	compartido

Moto

Moto	compartida

Bicicleta

Otro	(especifique)

B7	¿Por	qué	no	usa	BiciMAD	más	veces	o	es	abonado?	Puede	marcar	más	de	una:	

Generalmente	uso	mi	propia	bicicleta

Las	estaciones	no	coinciden	con	mis	trayectos	habituales

Dificultades	de	encontrar	una	bicicleta	libre	o	un	espacio	para	dejarla

La	cuota	anual	me	parece	cara

La	tarifa	por	uso	me	parece	cara

No	hay	carril	bici	en	mis	trayectos	habituales

Los	carriles	bici	que	existen	en	mis	trayectos	son	inadecuados	para	mi

El	trafico	motorizado	es	peligroso	y/o	demasiado	rápido

Mi	viaje	es	más	rápido	en	otro	modo	de	transporte

Es	difícil	circular	con	este	tipo	de	bicicletas

Las	bicicletas	son	incomodas

El	sistema	no	funciona	bien	(anclaje	y	desanclaje,	tótem,	app)

No	me	gusta	ir	en	bicicleta	o	no	va	con	mi	estilo	de	vida

Otro	(especifique)

USTED	Y	BiciMAD	-	IMPORTANCIA



A	continuación,	valore	la	IMPORTANCIA	que	tienen	para	usted	las	siguientes
características	de	BiciMAD.
Por	favor	tome	en	cuenta	que	primero	se	le	preguntará	sobre	la	importancia	y
luego	podrá	indicar	su	satisfacción.

	 Nada
importante

Poco
importante Indiferente Importante

Muy
importante

Maniobrabilidad/Facilidad	de
uso

Asistencia	al	pedaleo

Velocidad,	aceleración,
potencia

Duración	de	la	batería

Ergonomía	y	diseño	de	la
bicicleta

Utilidad	del	trasportín

Mantenimiento	de	las	bicicletas

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	las	bicicletas	de	BiciMAD:	

	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Red	extensa

Distancia	entre	las
estaciones

Funcionamiento	de
los	anclajes

Ocupación	de	las
estaciones	y
disponibilidad	de
bicicletas

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	las	estaciones	de	BiciMAD:



	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Cuota	anual	(25€
para	residentes,
15€	para	titulares
del	abono	de
transportes)

Tarifa	por	primera
media	hora	de	uso
(0.50€)

Siguientes
fracciones	de	30
min.	Para	inscritos
(0.60€)

Tarifa	de	primer
hora	para	usuarios
ocasionales	(2€)

Siguientes
fracciones	de	60
min.	Para	usuarios
ocasionales	(4€)

Descuento	por
coger	la	bicicleta	en
una	estación
saturada	(0.10	€)

Descuento	por
reserva	de	anclaje
en	el	destino	(0.10
€)

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	las	tarifas	de	BiciMAD:	

	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Aplicación	móvil

Página	web

Funcionamiento	del
tótem

Procedimiento	de
alta	y	registro

Notificaciones	por
correo	electrónico

Atención	al	cliente	y
de	incidencias

Opine	sobre	la	IMPORTANCIA	de	las	sgtes.	características	de	la	interfaz	con	el	usuario	de
BiciMAD:	

A	continuación,	indique	el	grado	de	SATISFACCIÓN	con	las	siguientes
características	en	el	uso	de	BiciMAD

USTED	Y	BICIMAD	-	SATISFACCIÓN	



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Maniobrabilidad/Facilidad
de	uso

Asistencia	al	pedaleo

Velocidad,	aceleración,
potencia

Duración	de	la	batería

Ergonomía	y	diseño	de	la
bicicleta

Utilidad	del	trasportín

Mantenimiento	de	las
bicicletas

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	las	bicicletas	de	BiciMAD:

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Extensión	actual	de
la	red

Distancia	entre	las
estaciones

Diseño	de	las
estaciones

Funcionamiento	de
los	anclajes

Ocupación	de	las
estaciones	y
disponibilidad	de
bicicletas

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	las	estaciones	de
BiciMAD:	



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Cuota	anual	(25€
para	residentes,
15€	para	titulares
del	abono	de
transportes)

Tarifa	por	primera
media	hora	de	uso
(0.50€)

Siguientes
fracciones	de	30
min.	Para	inscritos
(0.60€)

Tarifa	de	primer
hora	para	usuarios
ocasionales	(2€)

Siguientes
fracciones	de	60
min.	Para	usuarios
ocasionales	(4€)

Descuento	por
coger	la	bicicleta	en
una	estación
saturada	(0.10	€)

Descuento	por
reserva	de	anclaje
en	el	destino	(0.10
€)

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	las	tarifas	de	BiciMAD:	

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

Aplicación	móvil

Página	web

Funcionamiento	del
tótem

Procedimiento	de
alta	y	registro

Notificaciones	por
correo	electrónico

Atención	al	cliente	y
de	incidencias

Opine	sobre	su	SATISFACCIÓN	con	las	sgtes.	características	de	la	interfaz	con	el	usuario
de	BiciMAD:	

USTED	Y	BiciMAD



Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

B8	¿Cuál	es	su	satisfacción	general	con	el	servicio	de	bicicleta	publica	BiciMAD?	

	 Totalmente	en
desacuerdo En	desacuerdo Indiferente De	acuerdo

Totalmente	de
acuerdo

La	cuota	anual	fuera
más	baja

La	primera	hora	de
uso	fuera	gratuita

La	tarificación	fuera
dinámica	(cobro	por
minuto	de	uso)

Estuviera	disponible
en	otras	zonas	de	la
ciudad

Hubiera	más	carriles
bici

Los	carriles	bici
dieran	más	seguridad

La	velocidad	máxima
de	los	coches	se
redujera	a	30	km/h
en	todo	el	viario

Las	bicicletas	de
BiciMAD	fueran	más
sencillas	de	usar

Si	la
app/tótem	fueran	más
intuitivos

B9	¿Utilizaría	más	las	bicicletas	de	BiciMAD	si…?	

B10	¿Cuánto	tiempo	le	toma	realizar	su	viaje	más	frecuente	con	BiciMAD?	en	minutos	

USTED	Y	BiciMAD



B11	¿Qué	lo	motivó	a	usar	por	primera	vez	una	bicicleta	de	BiciMAD?	(puede	marcar
varios)	

Por	recomendación	de	amigos	o	familiares

Por	la	información	en	los	medios

Porque	me	parece	más	económica	que	otros	modos	de	transporte

Por	ver	que	la	gente	la	usaba

Por	mi	experiencia	de	bicicleta	pública	en	otras	ciudades

Porque	me	parecía	más	rápida	que	otros	modos	de	transporte

Para	hacer	deporte

Porque	me	parece	más	ecológica	que	otros	modos

Por	curiosidad

Otro	(especifique)

B12	¿Sabía	que	BiciMAD	pasó	a	ser	operado	a	finales	de	2016	por	la	Empresa	Municipal
de	Transportes	(EMT)?	

Si

No

	 Empeoró
mucho Empeoró Sigue	igual Mejoró

Mejoró
mucho NS/NC

Disponibilidad	de
bicicletas	en
estaciones

Mejora	del	sistema
de
anclaje/desanclaje

Errores	en	las	bases
(Que	no	reconozca
que	la	bici	fue
devuelta)

Estado	de
mantenimiento	de
las	bicis

Aplicación	móvil

Sistema	de	alta	y
registro

B13	Entre	finales	de	2016	y	la	actualidad,	¿Ha	notado	una	mejora	en	la	calidad	del	servicio
de	BiciMAD	en	los	siguientes	aspectos?	

A	continuación,	se	le	preguntará	sobre	la	importancia	de	ciertos	factores	para	el
uso	de	la	bicicleta	en	general.

FACTORES	IMPORTANTES	EN	EL	USO	DE	LA	BICICLETA



	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Rapidez	en	el
tráfico

Fiabilidad	de
tiempo	de	viaje

Bajo	coste

Disponibilidad
inmediata

Flexibilidad,	puerta
a	puerta

Facilidad	para
aparcar

Confort

Beneficios	para	la
salud

Seguridad	en	el
tráfico

Beneficios
medioambientales

Clima

Mejora	de	calidad
de	vida

Relajante

Divertida

Pendiente	de	las
calles

B14	Valore	la	importancia	de	los	siguientes	factores	sobre	el	uso	de	la	bicicleta	en	general

B15	Considera	que	el	uso	de	la	bicicleta	proyecta	una	imagen	de	estatus	social…	

Bajo Es	indiferente Alto

Por	favor	tome	en	cuenta	que	primero	se	le	preguntara	sobre	la	IMPORTANCIA	y
a	continuación	se	le	preguntara	sobre	su	SATISFACCIÓN	con	las	mismas
infraestructuras.

FACTORES	IMPORTANTES	EN	EL	USO	DE	LA	BICICLETA

http://createweb_export-vip.w8.jungle.tech/create/survey/view?sm=SSQizd5g_2Bp9D_2FC6UtUkOch2he8yvJHTkmUvyum3NAx2BTOQMIkEt7ngyGG_2FYSRpF&include_border=False&include_images=False&include_survey_title=False&exclude_page_breaks=True&no_theme=True&print_orientation=Portrait&page_size=A4#


	 Nada	importante Poco	importante Indiferente Importante Muy	importante

Aparcabicis	seguros
en	la	vía	pública

Aparcabicis	en
centros	de	ocio	y
establecimientos
públicos

Aparcabicis	y
duchas	en	el	lugar
de	trabajo/estudio

Acceso	con	bicicleta
al	transporte
público

Límite	de	velocidad
30	km/h	en	todo	el
viario

Carril	bici
segregado	de	doble
sentido	(ej.	Santa
Engracia)

Carriles	bici
centrales	(Entre
carril	bus	y	coches
ej.	Sagasta,
Carranza,	Alberto
Aguilera)

Ciclocalles
compartidas	con	el
trafico	motorizado
(límite	de	velocidad
de	30	km/h)

B16	Valore	la	IMPORTANCIA	de	las	siguientes	infraestructuras	para	el	uso	de	la	bicicleta
en	general.	



	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

Aparcabicis	seguros
en	la	vía	pública

Aparcabicis	en
centros	de	ocio	y
establecimientos
públicos

Aparcabicis	y
duchas	en	el	lugar
de	trabajo/estudio

Acceso	con	bicicleta
al	transporte
público

Límite	de	velocidad
30	km/h	en	todo	el
viario

Carril	bici
segregado	de	doble
sentido	(ej.	Santa
Engracia)

Carriles	bici
centrales	(Entre
carril	bus	y	coches
ej.	Sagasta,
Carranza,	Alberto
Aguilera)

Ciclocalles
compartidas	con	el
trafico	motorizado
(límite	de	velocidad
de	30	km/h)

B17	Valore	su	nivel	de	SATISFACCIÓN	con	las	siguientes	infraestructuras	ciclista	de
Madrid	

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	satisfecho

B18	Cuál	es	su	satisfacción	global	con	la	infraestructura	ciclista	de	Madrid?	

A	continuación,	se	le	preguntará	sobre	el	uso	de	otros	sistemas	de	movilidad
compartida.

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B19	¿Es	usuario	de	algún	otro	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

Mobike

No	soy	usuario

Otro	(especifique)



OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B191	¿Cuál	es	el	atributo	que	más	le	gusta	de	ese	tipo	de	bicicletas	de	uso	público?		

Flexibilidad	(No	necesita	estaciones)

Tarifa

Menor	tiempo	total	de	viaje,	al	no	tener	que	ir	a	una	estación

Calidad	de	la	bicicleta

Diseño/ergonomía	de	la	bicicleta

Amigable	con	el	medio	ambiente

B192	¿Le	resulta	fácil	encontrar	una	bicicleta	de	uso	público	sin	estaciones	a	menos	de	10
minutos	andando?	

Si

No

	 Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

Satisfacción	global

B193	¿Está	satisfecho	con	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(dar	un
paseo)

Salir	de	noche

Otros	viajes

B194	¿Con	qué	frecuencia	usa	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA



B20	¿Es	usuario	de	algún	servicio	de	patinetes	de	uso	público?	

Scoot

No	soy	usuario

Otro	(especifique)

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B201	¿Cuál	es	el	atributo	que	más	le	gusta	de	los	patinetes?	valorar	ranking	

Flexibilidad	(No	necesita	estaciones)

Tarifa

No	es	necesario	pedalear

Menor	tiempo	total	de	viaje

Es	divertido

Amigable	con	el	medio	ambiente

B202	¿Le	resulta	fácil	encontrar	un	patinete	de	uso	público	a	menos	de	10	minutos
andando?	

Si

No

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B203	¿Está	satisfecho	con	el	servicio	de	patinetes	de	uso	público??	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(ej.	dar	un
paseo)

Salir	de	noche

Otros	viajes

B204	¿Con	qué	frecuencia	usa	el	servicio	de	patinetes	de	uso	público?	



A	continuación,	se	le	preguntará	sobre	el	uso	de	la	bicicleta	en	Madrid	Central

LA	BICICLETA	EN	MADRID	CENTRAL

B21	¿Ha	circulado	en	bicicleta	en	Madrid	Central	desde	su	implantación	en	diciembre
2018?		

Si

No

LA	BICICLETA	EN	MADRID	CENTRAL

	 Empeoró	mucho Empeoró Sigue	igual Mejoró Mejoró	mucho

Reducción	de
tráfico

Seguridad	en	el	uso
de	la	bici

Reducción	de
velocidad	de	los
coches

Contaminación

Incrementado	el	uso
de	la	bicicleta

Incremento	de	uso
del	transporte
publico

B211	Valore	si	Madrid	Central	ha	mejorado	las	condiciones	para	el	uso	de	la	bicicleta	en	el
en	los	siguientes	aspectos	

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B212	¿Está	satisfecho	con	el	cambio	de	condiciones	para	usar	la	bicicleta	en	Madrid
Central?	



	 Mucho	menos
que	antes Menos Sigue	igual Más

Mucho	más	que
antes

Transporte	público

Bicicleta	propia

Coche	propio

Moto	propia

Coche	de	uso
compartido

Moto	de	uso
compartido

Andando

BiciMAD

Bici	de	uso
compartido	sin
estaciones

Patinete	de	uso
compartido

B213	¿Cómo	han	cambiado	sus	hábitos	de	viaje	después	de	Madrid	Central?	Responda	si
actualmente	viaja	más	o	menos	que	antes	de	la	implantación	de	la	medida.	Si	no	dispone
del	modo	marque	"sigue	igual"	

A	continuación,	le	haremos	algunas	preguntas	sobre	el	servicio	de	bicicletas
compartidas	de	Madrid	BiciMAD

USTED	Y	BiciMAD	

B1	¿Ha	probado	BiciMAD?	

Si

No

USTED	Y	BiciMAD



B2	¿Por	qué	no	ha	utilizado	BiciMAD	más	veces?	Elija	las	3	más	importantes:	

Generalmente	uso	mi	propia	bicicleta

Las	estaciones	no	coinciden	con	mis	trayectos	habituales

Dificultades	de	encontrar	una	bicicleta	libre	o	un	espacio	para	dejarla

La	cuota	anual	me	parece	cara

La	tarifa	por	uso	me	parece	cara

No	hay	carril	bici	en	mis	trayectos	habituales

Los	carriles	bici	que	existen	en	mis	trayectos	son	inadecuados	para	mi

El	trafico	motorizado	es	peligroso	y/o	demasiado	rápido

Mi	viaje	es	más	rápido	en	otro	modo	de	transporte

Es	difícil	circular	con	este	tipo	de	bicicletas

Las	bicicletas	son	incomodas

El	sistema	no	funciona	bien	(anclaje	y	desanclaje,	tótem,	app)

El	procedimiento	de	alta	es	muy	complicado,	engorroso

No	me	gusta	ir	en	bicicleta	o	no	va	con	mi	estilo	de	vida

Otro	(especifique)

B3	¿Cuándo	probó	el	servicio	?	

Durante	esta	semana

Hace	dos	semanas

Hace	un	mes

Hace	seis	meses

Hace	un	año	o	mas

Antes	de	2017

USTED	Y	BiciMAD	

B4	¿Porque	no	ha	probado	BiciMAD?	Elija	las	3	más	importantes	

Generalmente	uso	mi	propia	bicicleta

Me	siento	inseguro	cogiendo	una	bicicleta	en	Madrid

La	tarifa	por	uso	me	parece	cara

No	hay	carril	bici	en	mis	trayectos	habituales

No	me	gusta	ir	en	bicicleta	o	no	va	con	mi	estilo	de	vida

Las	estaciones	no	coinciden	con	mis	trayectos	habituales

Darme	de	alta	es	muy	complicado,	engorroso

USTED	Y	BiciMAD



	 Totalmente	en
desacuerdo En	desacuerdo Indiferente De	acuerdo

Totalmente	de
acuerdo

La	cuota	anual
fuera	más	baja

La	primera	hora	de
uso	fuera	gratuita

La	tarificación	fuera
dinámica	(cobro	por
minuto	de	uso)

Estuviera	disponible
en	otras	zonas	de	la
ciudad

Hubiera	más
carriles	bici

Los	carriles	bici
dieran	más
seguridad

La	velocidad
máxima	de	los
coches	se	redujera
a	30	km/h	en	todo	el
viario

Las	bicicletas	de
BiciMAD	fueran
más	sencillas	de
usar

Si	la	app/tótem
fueran	más
intuitivos

B5	¿Utilizaría	las	bicicletas	de	BiciMAD,	si…?	

PERCEPCIÓN	DE	LA	BICICLETA	ELÉCTRICA

B6	¿Ha	probado	una	bicicleta	eléctrica?	

Si

No

	 Muy	mal Mal Indiferente Bien Muy	bien

Asistencia	al
pedaleo

Precio

Peso

Velocidad

B7	¿Cómo	valora	los	siguientes	aspectos	de	la	bicicleta	eléctrica?	

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA	



A	continuación,	se	le	preguntará	sobre	el	uso	de	otros	sistemas	de	movilidad
compartida.

B8	¿Es	usuario	de	algún	otro	servicio	de	bicicletas	de	uso	público	sin	estaciones?		

Mobike

No	soy	usuario

Otro	(especifique)

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B81	¿Cuál	es	el	atributo	que	más	le	gusta	de	ese	tipo	de	bicicletas	de	uso	público?		

Flexibilidad	(No	necesita	estaciones)

Tarifa

Menor	tiempo	total	de	viaje,	al	no	tener	que	ir	a	una	estación

Calidad	de	la	bicicleta

Diseño/ergonomía	de	la	bicicleta

Amigable	con	el	medio	ambiente

Otro	(especifique)

B82	¿Le	resulta	fácil	encontrar	una	bicicleta	de	uso	público	sin	estaciones	a	menos	de	10
minutos	andando?	

Si

No

Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B83	¿Está	satisfecho	con	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	



	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(dar	un
paseo)

Salir	de	noche

Otros	viajes

B84	¿Con	qué	frecuencia	usa	el	servicio	de	bicicletas	de	uso	público	sin	estaciones?	

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B9	¿Es	usuario	de	algún	servicio	de	patinetes	de	uso	público?	

Lime

No	soy	usuario

Otro	(especifique)

OTROS	SISTEMAS	DE	MOVILIDAD	COMPARTIDA

B91	¿Cuál	es	el	atributo	que	más	le	gusta	de	los	patinetes?	valorar	ranking	

Flexibilidad	(No	necesita	estaciones)

Tarifa

No	es	necesario	pedalear

Menor	tiempo	total	de	viaje

Es	divertido

Amigable	con	el	medio	ambiente

B92	¿Le	resulta	fácil	encontrar	un	patinete	de	uso	público	a	menos	de	10	minutos
andando?	

Si

No

Otro	(especifique)



Totalmente
insatisfecho Insatisfecho Indiferente Satisfecho Muy	Satisfecho

B93	¿Está	satisfecho	con	el	servicio	de	patinetes	de	uso	público??	

	 A	diario
Varias	veces
por	semana

Una	vez	a	la
semana

Una	o	varias
veces	al	mes Alguna	vez Nunca

Desplazamiento	al
trabajo/centro	de
estudios

Ir	de	compras

Hacer	pequeños
recados

Visitar	amigos	o
familiares

Por	ocio	(ej.	dar	un
paseo)

Salir	de	noche

Otros	viajes

B94	¿Con	qué	frecuencia	usa	el	servicio	de	patinetes	de	uso	público?	

DETALLES	PERSONALES

Finalmente,	encontrará	algunas	preguntas	personales.	Le	recordamos	que	los	datos	se
emplearán	exclusivamente	para	un	estudio	científico	de	forma	anónima,	respetando	las	leyes	en	materia	de
protección	de	datos.	

C1.	Género:	

Hombre

Mujer

Otro	(especifique)

	 Año

Año	de	nacimiento

C2.	Edad:	



C3.	Nivel	de	estudios	alcanzado:	

Sin	estudios

Enseñanza	primaria

Enseñanza	secundaria

Bachillerato

Formación	profesional

Grado/Diplomatura

Máster/Licenciatura

Doctorado

Otro	(especifique)

DETALLES	PERSONALES

C4.	¿Usted	tiene...?	(marque	todas	las	opciones	que	correspondan)	

Carnet	de	conducir

Dispone	de	coche	propio

Dispone	de	motocicleta	o	ciclomotor	propio

Patinete	eléctrico	propio

Abono	de	transportes

Suscripción	a	moto	compartida

Suscripción	a	coche	compartido

Suscripción	a	patinete	compartido

Ninguna	de	las	anteriores

C5.	¿El	número	de	personas	que	conviven	en	su	hogar?	(incluido	usted)	

C6	Ocupación	

Empleado

Autónomo

Desempleado	o	en	paro

Jubilado

Estudiante

Amo/a	de	casa

Otro	(especifique)



DETALLES	PERSONALES

C7.	Estructura	del	hogar	

Vive	solo/a

Vive	con	sus	padres

Comparte	piso	con	amigos,	conocidos,	etc

Pareja	sin	hijos

Hogar	con	hijos,	donde	alguno	es	menor	de	12	años

Hogar	con	hijos,	donde	todos	son	mayores	de	12	años

Hogar	con	personas	mayores	a	cargo

Hogar	con	personas	con	movilidad	reducida	a	cargo

C8.	Nivel	de	ingresos	propios	netos	mensuales	

Menor	a	800	€/mes

800	€/mes	-	1.300	€/mes

1.300	€/mes	–	2.000	€/mes

2.000	€/mes	–	3200	€/mes

Mayor	a	3200	€/mes

Sin	ingresos	propios,	depende	de	los	padres

Sin	ingresos	propios,	depende	de	la	pareja

C9.	Código	postal	de	su	domicilio	o	residencia	en	Madrid	(Si	no	aplica	00000)	

C10	Código	postal	de	su	destino	más	frecuente	(Si	no	aplica	00000)	

COMENTARIOS

Aquí	puede	dejar	sus	comentarios	sobre	la	movilidad	ciclista	y	el	servicio	público	de
bicicleta	de	Madrid.	

(Campo	opcional.	Si	no	tiene	comentarios,	pulse	el	botón	Siguiente.)	



FIN	DEL	CUESTIONARIO

¡Muchas	gracias	por	su	colaboración!	

Si	desea	participar	en	el	sorteo	y/o	recibir	información	sobre	los	resultados	de	la	encuesta
directamente,	por	favor,	escriba	aquí	su	dirección	de	correo	electrónico:	

Confirmación	del	correo	electrónico:	

Número	de	teléfono	(opcional,	si	quiere	que	se	utilice	este	medio	para	avisarle	del
premio):	

Si	tiene	alguna	duda,	póngase	en	contacto	con	nosotros	en	la	siguiente	dirección	de	correo:
bicimad@transyt-projects.com	

Para	finalizar	el	cuestionario,	pulse	el	botón	"Listo".	

MUCHAS	GRACIAS	POR	SU	TIEMPO.	


