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Abstract  
Cities with low cycling development and maturity are cities with a small cycling 

modal share and few cycling infrastructures and facilities. This type of cities has 

been little addressed in research studies. This research explores the motivators 

and deterrents to cycling adoption in cities with low cycling maturity (LCM), by 

addressing a population that does not bicycle. The challenge is to measure and 

model the key factors that lead to a behavior change, in order to start cycling. 

Lisbon, Portugal, is an LCM city and the case study. Its cycling modal share is below 

1%. A survey asked participants about their mobility patterns, their attitude 

towards cycling, their personality and willingness to change to bicycle, and the 

individual housing situation. Barriers, motivators and triggers to start cycling were 

compared between cyclists and non-cyclists. The results show that both groups 

consider the issues related to the perception of safety, physical effort, the lack of a 

safe cycling network, and bicycle ownership as important  barriers to take up 

cycling. Barriers perceived by non-cyclists are similar to the barriers cyclists had 

before they changed behavior . In contrast, the self-reported triggers that induced 

cyclists to take up cycling are not similar to the expectations that non-cyclists have 

of what would, or could, change their behavior. Nevertheless, the expected 

motivators stated by non-cyclists are consistent with their perceived barriers, 

which are more community-oriented and not so much related to personal interests 

or needs. 

The triggers for cycling, for different generations of cyclists, were analyzed taking 

into consideration specific public policies and infrastructure investments that 

encourage bicycling and were implemented in recent years. The results show that 

triggers vary over time, and that they should also change as cities transition to 

higher cycling maturity levels. 

Based on the Transtheoretical Model of Change, sub-groups of potential cyclists 

were identified, based on their  stated willingness to change to bicycle, and were 

characterized according to sociodemographic variables, personality  traits, and 

cycling experience. The probability of changing ÆÒÏÍ ÓÔÁÇÅÓ ÏÆ Ȱ0ÅÓÓÉÍÉÓÔÓȱ ÔÏ 

Ȱ/ÐÔÉÍÉÓÔÓ,ȱ ÔÏ Ȱ%ÎÔÈÕÓÉÁÓÔÓ,ȱ ÁÎÄȟ ÆÉÎÁÌÌÙȟ ÔÏ Ȱ#ÙÃÌÉÓÔÓȱ ×ÁÓ ÍÏÄÅÌÅÄ ×ÉÔÈ ÂÉÎÁÒÙ 

logit models. The results suggest that the impacts of cycling infrastructure and 

equipment are higher on the definition of the membership to the earlier stages of 

change; while the facilities and practical needs have more prominent effects on the 
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belongingness to ÔÈÅ ÍÉÄÄÌÅ ÓÔÁÇÅÓȟ ÃÌÏÓÅÒ ÔÏ ÃÙÃÌÉÎÇȠ ÁÎÄ ÔÈÁÔ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ 

social influence and personal concerns provide a final push to change behavior and 

take up cycling. 

A Pyramid of Cycling Needs was proposed based on the results of the modeling 

process of needs to transition to bicycling. The pyramid summarizes the hierarchy 

of needs to cycling, inform ing which interventions and policies can have impact, 

and to whom, on the probability to belong to each stage of change towards cycling, 

and thus, rising cycling levels if those needs are suppressed. 

Recent municipal cycling improvements in Lisbon were an opportunity to measure 

how much the investment in the expansion of a commuting-oriented cycling 

infrastructure and the implementation of an electric bike-sharing program can 

potentially impact levels of cycling, and how such measures contribute to 

overcoming barriers for bicycle adoption. From the observations of cyclists ɀ prior 

and afterward the interventions ɀ, the results suggest that these types of 

improvements are a game-ÃÈÁÎÇÅÒ ÔÏ ÓÔÁÒÔ ÔÈÅ ÐÒÏÃÅÓÓ ÏÆ Á ÃÉÔÙȭÓ ÐÒÏÇÒÅÓÓÉÏÎ 

towards higher cycling maturity levels, mainly if they are implemented in a city 

with almost no cycling modal share, such as this research case study. 

The results and conclusions of this thesis are a contribution towards 

understanding how to significantly increase bicycle modal share from near zero in 

cities with low cycling maturity levels, and how a city can transition to a higher 

maturity level adopting an approach of targeted policies to different population 

groups that are willing to bicycle but have different needs. This research provides 

insights to the cycling decision-making process to encourage people that do not 

bicycle to progressively change their  behavior, potentially  shifting to cycling.  

 

Keywords  

Cycling; Barriers and motivators; Modal choice; Travel behavior, Low cycling 

maturity cities. 
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Resumo 
As cidades com baixa maturidade ciclável são cidades com reduzido número de 

viagens realizadas em bicicleta e poucas infraestruturas cicláveis. Apesar do 

recente crescimento do interesse público na bicicleta como modo de transporte, 

este tipo de cidades são ainda muito comuns no mundo ocidental, e poucos estudos 

têm sido realizados sobre as mesmas. Esta investigação explora as barreiras e 

motivadores para a adoção da bicicleta em Lisboa, uma cidade com uma quota 

modal de menos de 1%. O desafio é medir e modelar os fatores-chave que levam a 

uma mudança de comportamento, para o uso da bicicleta. 

Foi realizado um inquérito dirigid o a ciclistas e não-ciclistas que questionou os 

participantes sobre os seus padrões de mobilidade; as suas atitudes em relação ao 

uso da bicicleta; a sua personalidade e motivação para usar a bicicleta; para além 

das suas características socio-demográficas e condições da sua habitação. As suas 

respostas de preferências declaradas permitiram comparar as barreiras, 

motivadores e fatores que levam a começar a usar a bicicleta, entre ciclistas e não 

ciclistas. Os resultados mostram que ambos os grupos consideram as questões 

relacionadas com a perceção de segurança, esforço, falta de uma rede ciclável 

segura e o facto de não ter uma bicicleta como barreiras relevantes à utilização 

deste modo em Lisboa. Concluiu-se que as barreiras percecionadas pelos não-

ciclistas são semelhantes às barreiras que os atuais ciclistas tinham antes de 

começar a usar a bicicleta como modo de transporte. Por outro lado, os fatores que 

levaram os ciclistas a usar a bicicleta não são semelhantes às expectativas de 

estímulos que os não-ciclistas afirmam que os levariam a mudar para este modo 

ativo. Em todo o caso, as barreiras e motivadores dos não-ciclistas estão 

fortemente relacionadas. 

Foram também analisados os fatores que desencadearam a alteração de 

comportamento modal, para diferentes períodos de tempo, tendo em conta as 

políticas públicas de promoção da bicicleta e investimentos em infraestruturas que 

decorreram nos últimos anos. Os resultados mostram que os fatores que 

desencadeiam a transferência para a bicicleta variam entre os períodos temporais 

de análise e é expectável que variem também com a transição das cidades entre 

níveis de maturidade ciclável. 

Com base no Modelo Transteórico de Mudança, foram identificados sub-grupos de 

potenciais ciclistas com base em variáveis sociodemográficas, de personalidade, na 
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sua experiência no uso da bicicleta e na sua disposição para passar a usar a 

bicicleta em deslocações. A probabilidade de mudar de fase de "Pessimistas" para 

"Otimistas", para "Entusiastas" e, finalmente, para "Ciclistas" foi modelada com 

modelos logísticos binários. Os resultados sugerem que os impactos das 

infraestrutura s cicláveis são mais elevados na definição da pertença às fases 

iniciais de mudança; enquanto os equipamentos e necessidades práticas têm 

maiores impactos na pertença às etapas intermédias, mais próximas de ser um/a 

ciclista; e, por último , que a influência social e as preocupações pessoais do 

indivíduo dão um impulso final à mudança de comportamento para começar a 

pedalar. 

Estes resultados foram esquematizados numa Pirâmide de Necessidades para o 

Ciclismo, que traduz o processo de transição de mudança de comportamento e 

resume a hierarquia de necessidades para usar a bicicleta, informando que 

intervenções e políticas públicas têm impacto ɀ e para quem ɀ no aumento da 

probabilidade de pertença a cada etapa de mudança de comportamento, servindo 

como base para aumentar o número de utilizadores de bicicleta caso as respetivas 

necessidades sejam satisfeitas. 

Os recentes investimentos municipais em Lisboa foram uma oportunidade para 

medir o quanto a expansão da rede ciclável orientada para viagens utilitárias e um 

sistema de bicicletas partilhadas elétricas podem potencialmente ter impacte na 

repartição modal, e como essas medidas contribuem para superar as barreiras à 

adoção da bicicleta. A partir da observação de ciclistas, anterior e posteriormente 

às intervenções, foi possível aferir que esse tipo de investimentos trazem 

alterações significativas aos níveis de utilização da bicicleta e apoiam o início da 

progressão de uma cidade para níveis mais altos de maturidade ciclável, 

particularmente se forem introduzidos em cidades com uma quase inexistente 

repartição modal da bicicleta, como acontece no presente caso de estudo. 

Os resultados desta tese e as suas conclusões contribuem para compreender como 

se pode aumentar significativamente a repartição modal da bicicleta em cidades de 

baixa maturidade ciclável e como pode uma cidade fazer a transição para um nível 

de maturidade mais elevado, adotando uma abordagem de políticas direcionadas 

para diferentes grupos da população que estão dispostos a pedalar, mas que têm 

necessidades diferentes. Esta investigação fornece informação ao planeamento de 

políticas de promoção do modo ciclável, apoiando o processo de tomada de 

decisão, de modo a incentivar pessoas que não usam a bicicleta a mudar 

progressivamente de comportamento, potencialmente mudando para a bicicleta. 

 

Palavras-chave 

Bicicleta; Barreiras e motivadores; Escolha modal; Mudança comportamental, 

Cidades de baixa maturidade ciclável. 
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1. Introduction  
Cities with low cycling maturity face several significant hurdles to encourage 

cycling: few cyclists, little bicycle specific built infrastructure, negligible cycling 

culture, little interest in collecting cycling data, the widespread perception that 

cycling is unsafe and not respected, and car-oriented road design. Rising up from 

zero (or near zero) cycling modal share in such cities is a huge challenge. This 

thesis intends to explore the barriers of cycling among different groups of non-

cyclists, to provide explanations and targeted solutions to increase cycling modal 

share and, as such, contributing to the existing theory and practice.  

After an introduction, this thesis reviews the knowledge gaps in the urban cycling 

literature, followed by a presentation of the research problem, objectives, the 

contribution of this research, and, finally, the structure of this thesis. The literature 

review is divided in four major areas that this research proposes to explore. In the 

subsequent section, the research approach is described, and a description of the 

case study is presented, which includes the methodology for the conducted survey 

in a city with a low cycling modal share. The research is developed in chapters 

four, five and six, ending with a brief conclusion and the highlights for each 

chapter. Finally, this thesis summarizes the findings and explores the possible 

implications of this research. It is followed by a list of references and the 

supporting materials. 

 Background  and research scope 1.1.

In recent decades, there has been a growing public awareness of the negative 

consequences of car-based urban mobility, prompting cities across the globe to 

invest in transportation alternatives with the potential to improve public health, 

air quality, and to reduce carbon emissions and traffic congestion in urban centers. 

These challenges have accelerated the search for urban mobility alternatives, in 

particular the promotion of active transportation  modes, such as walking and 

cycling. The latter has become an increasingly important component of 

transportation policy and urban planning, and is now widely accepted as a viable, 

affordable, safe, healthy, and environmentally friendly active transportation 

alternative for a significant sector of the urban population.  
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Many of the biggest challenges facing society could be addressed by changing 

behavior. It is clear that increasing active mobility, such as cycling, could help 

reduce greenhouse gas emissions and address growing rates of obesity. However, 

changing the behavior of a population is not easy and could be described as one of 

the challenges of our time. Specifically, entrenched dependence on personal 

vehicles has led to increased pollution, environmental damage, congestion, the 

deterioration and abandonment of public transit systems, and severe health 

problems associated with lack of exercise. Shifting travel away from cars and 

towards more sustainable modes, such as cycling, has proven to be a particular 

challenge. For an urban population to undergo such a large scale behavioral shift 

will require public investment to change the built environment, alongside changes 

in public policy. Beyond that, it will require a major shift in behavioral norms, 

expectations, mindset, and habits of people living in urban areas. 

Many cities, regions, and countries are creating specific plans to increase cycling 

modal share. Some establish targets for a desirable cycling modal share with in a 

time horizon, mostly at local levels. "ÁÓÅÄ ÏÎ )4$0ȭ Global high shift cycling 

scenario (J. Mason, Fulton, & Mcdonald, 2015)ȟ ÔÈÅ %ÕÒÏÐÅÁÎ #ÙÃÌÉÓÔȭÓ &ÅÄÅÒÁÔÉÏÎ 

(ECF) lists targets for bicycle use by 2020 and 2030 for 70 cities and regions that 

demonstrated a real, worldwide ambition for cycling (World Cycling Alliance & 

ECF, 2016, pp. 3ɀ4). In 2009, 36 European cities signed a commitment to increase 

cycling modal share to 15% by 2020 and calls upon the European Commission and 

the European Parliament to do likewise (ECF, 2009). Nonetheless, as yet there is 

no target or commitment set by European Union. The average cycling modal share 

in the EU is 8% (European Commission, 2014), and in the United States and 

Canada, urban cycling is estimated to account for only about 1% of trips (J. Mason 

et al., 2015).  

With or without set targets for short or long periods, bicycle plans usually contain 

policies that aim to increase bicycle usage by making it more convenient, attractive 

and realistic for short journeys, especially for commuting to and from work and 

school. Many handbooks provide guidelines for promoting and increasing urban 

cycling, and offer analysis and conclusions about how multiple cities were 

successful in reaching cycling objectives ɉÆÏÒ ÉÎÓÔÁÎÃÅȡ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ 

Energy, 2010b; Pucher & Buehler, 2008, 2012; Pucher, Dill, & Handy, 2010). 

Cities move through different stages of cycling development and maturity ɀ cycling 

infrastructures and modal share ɀ and adopt different approaches and packages of 

policies that are likely to have the highest effectiveness at each stage. In a changing 

and evolutionary context of cycling maturity, promotional campaigns and facilities 

directly outlined for people who are willing to cycle or cycle more often are 

priorities when seeking for higher cycling modal shares. Cities with low cycling 

maturity face hard challenges: few cyclists, little bicycle infrastructure, negligible 



Rosa Félix 

5 

cycling culture, widespread perception that cycling is unsafe and not respected, 

and car-oriented road design. This research focuses primarily on this kind of cities.  

In cities where cycling is starting to grow, little is known about who is cycling, how 

many people are cycling and for what purpose, and which routes are being used. 

Commonly, in these cities, the attention of transportation agencies and mobility 

managers is not focused on this travel mode, so the tracking of cyclists is not a 

priority. The resulting lack of useful data is a problem because there is no basis 

upon which municipalities could potentially invest in effective cycling 

infrastructure.  Given that these cities do not have historical experience with 

cycling, there is a need to understand and better inform city planners and players 

of what strategic infrastructure investments should be made and programs to 

deploy in order to grow their cycling mode share and mature the cycling culture. 

Planners and policy makers benefit from a greater understanding of available 

interventions for cycling promotion and their relative effectiveness. If the ultimate 

goal of a cycling plan is to increase the cycling modal share of regular trips, 

planners should be able to clearly appropriate, feasible, and, potentially, more 

effective policy measures to target different segments of the population. Urban 

mobility planners and researchers have been concerned with identifying different 

population segments, that have different needs and concerns regarding cycling and 

are more or less willing to adopt cycling, in order to draft  different policy packages 

to meet the needs and requirements of each one of them, with a goal of potentially 

increasing cycling modal share overall.  

Market segmentation is the process of dividing a heterogeneous population into 

smaller groups of similar individuals, based on how they would likely respond to a 

particular marketing mix (Evans, 2003; Smith, 1956) and has been used in 

transportation for many years (for instance: Beirão & Sarsfield Cabral, 2007; 

Dallen, 2007; Jacques, Manaugh, & El-Geneidy, 2013; Kassiere & Lagarde, 2010). 

Different market segments are likely to respond to policy measures in different 

ways (Salomon & Mokhtarian, 1998). The use of market segmentation tools when 

planning for urban cycling improves the efficacy of investments in cycling 

infrastructure  for each group with mutual needs, interests and priorities (Jones & 

Sloman, 2003; Kroesen & Handy, 2014). Planning for targeted sub-groups of 

bicycle users is a crucial strategy in the management of a cycling network . Bicycle 

planning is most effective when completed with informed and phased investments, 

to achieve desirable bicycle modal share, with  most effective solutions. 

Dividing cyclists into groups rather than analyzing them as a whole population has 

proven to give better, more nuanced results (Damant-Sirois & El-Geneidy, 2015; 

Kroesen & Handy, 2014). In the literature, the most known and used typology of 

ÃÙÃÌÉÓÔÓ ÉÓ Ȱ4ÈÅ &ÏÕÒ 4ÙÐÅÓ ÏÆ #ÙÃÌÉÓÔÓȱ (Dill & McNeil, 2013; Geller, 2006) which 

divides the entire commuting population into four types: No-way no-how, 
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Interested but concerned, Enthused and confident, and Strong and fearless, but many 

other typologies have been discussed and used (Bergström & Magnusson, 2003; 

Damant-Sirois, Grimsrud, & El-Geneidy, 2014; Davies, Gray, Gardner, & Harland, 

2001; Félix, 2012; Gatersleben & Haddad, 2010; Heinen, Maat, & van Wee, 2011; 

Kroesen & Handy, 2014; Nkurunziza, Zuidgeest, & Van Maarseveen, 2012; Winters, 

Davidson, Kao, & Teschke, 2011). Almost all studies consider a group of potential 

cyclists, with other terminologies that include the recreational or the infrequent 

cyclists, and all the studies identified the regular, commuter, or frequent cyclists. 

Noticeably, there is not a general concern to focus on the group of non-cyclists. 

Although the group of people who do not currently cycle at all is unlikely to take up 

cycling, at least in the short term, these people should not be disregarded entirely . 

Instead, this particular population should be encouraged to change their opinions 

and potentially shift to cycling (Davies et al., 2001). Furthermore, from a planning 

perspective, it is critical to have an awareness of what percentage of the 

population non-cyclists account for and monitor  the overall cycling population (or 

potentially  willing to cycle) in some locations and at some time.  

For an effective planning practice, the adoption of distinct  strategies targeting 

different groups within the overall  population should result in more effective and 

predictable shifts between groups for each stage of maturity of the cycling 

environment. Figure 1.1 illustrates the expectable segment sizes of each typology 

at three different stages and the expected shifts between them. It is expected that 

the non-cyclists, the potential-cyclists, and the regular-cyclists groups have a distinct 

segment shares at a given time, depending on the adopted policies targeting each 

one of them.  

 
Figure 1.1 ɀ Expected shifts between cycling typologies at each stage of maturity of the cycling 

envi ronment  
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In cities with few regular cyclists, there is a large share of the population who 

chooses other modes for commuting, and among them it is possible to distinguish 

groups of potential cyclists (people who could be willing to bicycle regularly) and a 

group of non-cyclists who, for various reasons, are not able or willing  to bicycle. 

For planners, there is a need to appropriately measure the relevant factors that 

determine whether people choose to cycle or not and to further segment the group 

of potential cyclists into more refined sub-groups based on a more nuanced 

understanding of their particular needs. 

The literature explores several hypotheses relating to social and cultural 

background, attitudes, travel behavior and safety perception, and habit. The 

physical and built environment tends to influence and constrain more the active 

modes when compared to other modes, which translates potentially into 

significant barriers and motivators for walking and cycling. For instance, the 

implementation and expansion of segregated cycling networks and facilities are 

interventions that have a high likelihood to successfully induce cycling (Dill & Carr, 

2003; Pucher & Buehler, 2005; Santos, Maoh, Potoglou, & von Brunn, 2013), as 

tested before and after some interventions (Braun et al., 2016; Marqués, 

Hernández-Herrador, Calvo-Salazar, & García-Cebrián, 2015). Still, there is scarce 

evidence on by how much these investments increase cycling levels (Pucher et al., 

2010; Yang, Sahlqvist, McMinn, Griffin, & Ogilvie, 2010), due to the lack of practice 

of setting targets for interventions and monitor the performance of the outcomes. 

Climate and weather (Winters, Friesen, Koehoorn, & Teschke, 2007), the built  

environment (Winters, Brauer, Setton, & Teschke, 2010) and orography (Dill & 

Voros, 2007) also act as perceived barriers that influence bicycle modal choice. The 

relative impact of these barriers varies certainly from place to place, and in many 

situations the lack of data hinders the possibility of making such evaluation. 

The analysis of the relationship between the observed decision to bicycle and the 

factors influencing this choice is a complex process. Parking et al. (2007) recognize 

that there are other less tangible factors, such as the effort expended by the cyclist, 

self-image, perceived ability, and social norms that also play a role in this modal 

choice. In Sydney, Daley & Rissel (2011) researched how the public image of 

cycling and cyclists can act as barriers or facilitators of cycling for both cyclists and 

non-cyclists. Other authors obtained similar conclusions regarding the perceived 

barriers to cycle in The Netherlands (Engbers & Hendriksen, 2010), Brussels (De 

Geus, De Bourdeaudhuij, Jannes, & Meeusen, 2008) and in Montreal (Damant-Sirois 

& El-Geneidy, 2015), which are environments with higher cycling maturity. In the 

Southeast of the United Kingdom, Gatersleben & Appleton (2007) explored the 

personal and external barriers to cycle at five different stages of intentional 

behavior change, as described ÂÙ 0ÒÏÃÈÁÓËÁȭÓ theory (1984; 1997), and generally 

used for treating addictive behaviors, in the health fieldȢ 4ÈÅ 0ÒÏÃÈÁÓËÁȭÓ 4ÒÁÎÓ-

Theoretical Model posits that behavior change is a transition through a time-

ordered sequence of stages reflecting the cognitive and motivational difficulties 
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people encounter to change behavior. In Brussels, De Geus et al. (2008) assessed 

the perceived barriers and benefits for cycling among cyclists and non-cyclists but 

treated them only as two different but homogeneous groups within themselves. 

As a result of the background overview discussion, the problem identified is the 

lack of complete and comprehensive knowledge of the perceived barriers to 

cycling and the (not so obvious) triggers that induce people to take up cycling for 

commuting, in cities with low cycling development and maturity, with focus on the 

large group of non-cyclists group ɀ that include the potential cyclists ɀ that are a 

characteristic of cities in this stage of cycling maturity. 

 Objective and research questions  1.2.

Based on the knowledge gap previously identified, the following paragraphs 

present the main goal and objectives for this research and the formulation of the 

corresponding research questions. 

This Ph.D. research explores the motivators and deterrents to the adoption of 

cycling for regular trips in cities with low cycling development and maturity by 

addressing a population that does not bicycle regularly, and is segmented 

according to different stages of cycling propensity. The present research will thus 

aim to explore the following overarching question: 

 

A more thorough scrutiny of the deriving research questions will guide the work to 

understanding how cycling modal share can be rise in cities with few cyclists, little 

infrastructure, negligible cycling culture, and where cycling is considered unsafe 

and not respected, and that have car-centered city planning and design. Hence, this 

research will seek to answer the following supporting questions, as summarized in 

Figure 1.2. These questions are divided into three major scope groups: 

¶ Identification of potential cyclists;  

¶ Barriers and motivators for non-cyclists; and 

¶ Triggers for cycling. 

How to significantly increase bicycle modal share in  

cities with low cycling maturity?  
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Figure 1.2 ɀ Summary of the research questions for this research plan.  

The following paragraphs describe the research questions and their supporting 

questions. It is firstly relevant to clarify semantically some expressions used in this 

research context: 

¶ Cyclists: the ones who bicycle; 

¶ Non-cyclists: by opposition to the ones who bicycle; 

¶ Potential cyclists: included in the group of non-cyclists, the ones that do not 

exclude the possibility of cycling; 

¶ Barriers: factors that deter one from bicycling; 

¶ Motivators: factors that encourage one to bicycle; 

¶ Triggers: factors that triggered one to bicycle. 

Q1. How are potential cyclists defined and identified?  

Segmenting the population of cyclists and non-cyclists into different typologies can 

better inform the various stages of planning for cycling infrastructure development 

by more accurately targeting the needs and requirements of different types of 

users, in order to achieve desirable bicycle modal shares for regular trips. In cities 

with few regular cyclists, there is a large amount of people who choose other 

modes for commuting, and among them it is possible to distinguish groups of 

potential cyclists. 

Supporting questions

Research questions

Objective How to significantly increase bicycle modal share in cities with low cycling maturity?

Q1. How are potential
cyclistsdefined and

identified?

Q1.1.  How can sub-groups 
of potential cyclists be 
defined?

Q2. How far do perceived 
barriers for non-cyclists 

condition their motivation to 
bicycle?

Q2.1. Are the perceived barriers 
and motivators alike for non-
cyclists?

Q2.2. Are the perceived barriers 
and triggers alike for cyclists?

Q2.3. Are the perceived barriers 
similar for non-cyclists and 
cyclists?

Q3. What triggers non-cyclists to take up 
cycling in a city with little cycling 

infrastructure and facilities?

Q3.1. Do the triggers identified by active 
cyclists correspond to the motivators identified 
by the non-cyclists? What are the key 
differences, if any?

Q.3.2. Is it possible to establish a relationship 
between these triggers and the time of shifting 
in the city context? 

Q3.3. What moves potential cyclists to become 
cyclists?

Q3.3. What is the impact of the expansion of a 
segregated cycling network and a bike sharing 
system in the bicycle use of a low cycling 
maturity city?
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Figure 1.3 ɀ Focus group. Groups and  its  share for Portland, Oregon, US (Dill & McNeil, 2013) . 

After the literature review, the first research supporting question (Q1) was 

identified based on the hypothesis that it  would be possible to identify cyclist 

groups based on simple rule-based decisions dependent on factors such as: the 

commuting distance by bicycle, physical ability, and willingness to bicycle. 

Q1.1. How can sub-groups of potential cyclists be identified? 

For such a large population group as the potential cyclist population, there are sub-

groups of individuals that, expectably, share common characteristics and concerns 

regarding the willingness to bicycle or not at all, but who differ  to some extent 

within the same larger group. It is essential to characterize each sub-group to 

better understand the barriers and motivators they experience that influence their 

decision to bicycle or not. 

 
Figure 1.4 ɀ Sub-groups of potential cyclists . 

Q2. How far do perceived barriers for non-cyclists condition their motivation  to 

bicycle? 

The analysis of the relationship between the observed decision to bicycle and the 

factors influencing this choice is complex. The literature explores several potential 

barriers to bicycle. However, overcoming perceived barriers may not be sufficient 

to make a modal shift. Understanding the differences and relationships between 

barriers and motivators, and understanding if barriers are perceived equally over 
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time and for different  cycling maturity levels, can support the planning of pro-

cycling target interventions and, eventually, inform policy strategies to facilitate 

individuals to overcome their  perceived barriers. This research identifies another 

three additional supporting question based on the literature review:  

Q2.1. Are the perceived barriers and motivators alike for all non-cyclists? 

Q2.2. Are the perceived barriers and triggers alike for all cyclists? 

Q2.3. Are the barriers to cycling similar for non-cyclists and cyclists?  

Q3. What triggers non -cyclists to take up cycling in a city with little cycling 

infrastructure  and facilities?  

In cities with low cycling maturity, there is a lack of data about current cyclists. 

Understanding why they began to bicycle and continue biking is crucial in order to 

determine how more people could be encouraged to bicycle. 

Additionally, it becomes relevant to compare if the identified factors that prompted 

cyclists to take up biking (triggers) correspond to the main motivators pointed by 

potential cyclists when they consider whether or not to take up cycling. Based on 

this analysis, the final and following four research supporting questions are 

identified based on the hypothesis that the motivators to bicycle are different in 

sub-groups of potential cyclists, and that it is possible to establish a relationship 

between the triggers and time of behavior change in the cycling environment 

transition . 

Q3.1. Do the triggers identified by active cyclists correspond to the motivators 

identified by the non-cyclists? What are the key differences, if any? 

Q3.2. Is it possible to establish a relationship between these triggers and the time 

of shifting in the city context? 

Q3.3. What moves potential cyclists to become cyclists? 

Q3.3. What is the impact of the expansion of a segregated cycling network and a 

bike-sharing system in cycling levels in a low cycling maturity city? 

 

It is widely accepted that interventions in the buil t environment have a causal 

effect on travel choices and behavior, on active transportation. Consistent evidence 

on to what extent these infrastructures and facilities increase cycling levels is not 

well understood in the literature . 

 Contribution of this work  1.3.

Urban cycling mobility is a relevant topic that has attracted the attention of many 

researchers in recent years, worldwide. This Ph.D. thesis and the answers to the 
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aforementioned questions are expected to contribute to the existing theory and 

practice in urban cycling, including: 

¶ A contribution to the state-of-art of cycling market segmentation, and how 

it can inform  policy approaches for bicycle planning and marketing practice; 

¶ Identification of the barriers to cycling, as well as the triggers that lead 

people to cycle in cities with low cycling maturity ; 

¶ Identification of time periods effects, and corresponding evolving cycling 

infrastructures and equipment, on the triggers to shift to cycling; 

¶ Modeling and simulating the propensity to bicycle in low cycling maturity 

cities; 

¶ Proposal of a new theoretical framework on the sequential needs for 

shifting to cycling, in low cycling maturity cities; 

¶ A contribution to the planning and decision-making levels to support the 

definition of effective public policy, planning and infrastructure 

interventions that foster cycling in cities with few cyclists, in the short 

medium and long terms; and 

¶ Important insights on the cycling situation in Lisbon and the potential 

impact of concrete harder measures for bicycle promotion. 

The outcomes of this dissertation ɀ and those from parallel research with relevant 

contribution s to this thesis ɀ were presented in conferences (with and withou t 

published proceedings) and published in peer-reviewed journals, including: 

Peer-reviewed papers 

Félix, R., Moura, F., & Clifton, K. J. (2017). Typologies of Urban Cyclists: a Review of Market 

Segmentation Methods for Planning Practice. Transportation Research Record: 

Journal of the Transportation Research Board, 2662(14), 125ɀ133.  

Félix, R., Moura, F., & Clifton, K. J. (2019). Maturing urban cycling: comparing barriers and 

motivators to bicycle of cyclists and non-cyclists in Lisbon, Portugal. Journal of 

Transport & Health, 15, 100628. 

Félix, R., Cambra, P., Moura, F. (n.d.). "ÕÉÌÄ ÁÎÄ ÇÉÖÅ ȭÅÍ ÂÉËÅÓȟ ÁÎÄ ÔÈÅÙ ×ÉÌÌ ÃÏÍÅȡ ÔÈÅ 

effects of cycling infrastructure and bike-sharing system in Lisbon. Manuscript 

submmited to Case Studies on Transport Policy.  

Félix, R., Moura, F., & Clifton, K. J. (n.d.). The hierarchy of needs for cycling in a low cycling 

maturity city: Modeling the self-assessed propensity to bicycle. Manuscript under 

submission in Travel Behaviour and Society.  

Félix, R., Sobral, R., Moura, F. (n.d.). When willingness does not meet likelihood: assessing 

response bias and potential for bicycling of a university population. Manuscript 

under submission in Journal of Advanced Transportation. 
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Conference communications with peer -reviewed procedia  

Moura, F., Félix, R., Roque, C. (2019). Avaliação do impacte potencial do programa U-Bike 

nos padrões de mobilidade da comunidade do Instituto Superior Técnico. 9º 

Congresso Rodoviário Português, Lisboa, Maio 2019. ISBN: 978-989-98338-4-5. 

Félix, R., Moura, F. e Clifton, K. (2019). Comparação das barreiras e motivadores para a 

adoção da bicicleta em Lisboa. 9º Congresso Rodoviário Português, Lisboa, Maio 

2019. ISBN: 978-989-98338-4-5. 

Other communications  

Date and location  Conference name and title of  presented research  

25th ɀ 28th June 

2019, Dublin 

Velo-City Conference. What induces people to uptake bicycle? 

Modeling change behavior in a Low Cycling Maturity city. 

28th ɀ 30th May 

2019, Lisboa 

9º Congresso Rodoviário Português. Comparação de barreiras e 

motivadores para a adoção da bicicleta em Lisboa. 

13th ɀ 17th Jan 2019, 

Washington D.C. 

Transportation Research Board 98th Annual Meeting. Maturing urban 

cycling: comparing barriers and motivators to bicycle in Lisbon, 

Portugal. 

12th ɀ 15th June 

2018, Rio de Janeiro 

Velo-City Conference. Surveying the potential cyclists and their 

barriers and motivators to bicycle in a low cycling maturity city. 

12th ɀ 16th June 

2017, Nijmegen 

Scientists for Cycling Colloquium and Velo-City Conference. 

Identifying potential cyclists and the motivators and deterrents to 

cycling adoption in cities with low cycling development and maturity. 

8th ɀ 12th Jan 2017, 

Washington D.C. 

Transportation Research Board 96th Annual Meeting. Typologies of 

urban cyclists: a review of market segmentation methods for planning 

practice. 

17th ɀ 19th Nov 2016, 

Aveiro 

Scientists for Cycling Colloquium. Identifying potential cyclists and its 

motivators and deterrents to cycle in hilly and un-networked cities. 

13th ɀ 15th July 2016, 

Lisboa 

22nd International Sustainable Development Research Society 

Conference. Urban cycling modal share: rising up from incipient 

networks and numbers. 

 

 Structure  and outline  of this research thesis  1.4.

As described below, the research developed in this thesis was divided into four 

major research tasks (A to D) to answer the questions presented before. 

Task A ɀ Typologies of Urban Cyclists: a review of Market Segmentation 

methods for planning practice  

Following global guidelines, many cities are investing in urban cycling. Cities have 

different stages of cycling development, and adopt different approaches and 
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packages of policies that are likely to be most effective at each stage. While urban 

cycling plans are mostly specific to each city or municipality, they almost 

universally include investment in infrastructure as well as public policy and 

education and promotion to encourage the adoption of this active mode of 

transportation . Some investments aim to meet current cyclistÓȭ needs, while others 

target potential cyclists. 

Regarding the urban cyclists, several studies propose typologies of cyclists, 

typically associated with frequency, trip purposes or motivation. Task A compares 

cyclistÓȭ typologies and corresponding categorization methods. 20 studies are 

reviewed and compared that consider different cyclistsȭ ÐÒÏÆÉÌÅÓȢ $ÅÓÐÉÔÅ ÔÈÅ 

variety of group categorizations, commonalities were found in most cases referring 

to three main types of cyclist: current cyclist (typically more proficient), potential 

cyclist (willing but not convinced), and non-cyclist (unaware or unwilling to shift 

to cycling). This research proposes a rule-based approach to identify those groups, 

using direct and objective answers that are easy to apply to any city  regardless of 

its cycling maturity level. The share of each type of cyclists may vary according to 

the stage of cycling maturity in any given city. 

Task B ɀ Perceived Barriers and Motivators to cycle for commuting: a 

segmented approach applied to a low  cycling maturity city  

From a survey to non-cyclists and cyclists in a low cycling maturity (LMC) city, 

data is used to analyze barriers and motivators to bicycle (stated preferences), and 

compare the groups of cyclists and non-cyclists. Furthermore, it explores the 

relationship between triggers that led people to begin cycling and the period in 

time when the behavioral change occurred, and to investigate if it is possible to 

identif y historical trends. Task B of this research aims to: 

¶ Understand the key motivators and deterrents to bicycle in an LCM city; 

¶ Compare the perceived barriers to cycling between cyclists and non-

cyclists; 

¶ Compare triggers and motivators to start cycling between cyclists and non-

cyclists; and 

¶ Understand how triggers to bicycle are present or change over time, 

ÔÈÒÏÕÇÈÏÕÔ Á ÃÉÔÙȭÓ cycling maturity evolution. 

Task C ɀ Model the propensity to change to bicycle in an LCM city 

Data from a survey to non-cyclists and cyclists in an LCM city is used to segment 

and characterize the population of non-cyclists and potential cyclists. Sub-groups 

within  potential cyclists are identified based on sociodemographic variables and 

willingness to change to bicycle. A set of binary logit models are performed to 

assess the motivators and triggers to bicycle that better predict the belongingness 

to the transitionary  stages of change towards cycling. 
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Task D ɀ How can infrastructure encourage cycling in  low cycling maturity  

cities: findings  from Lisbon  

The history of cycling in Lisbon from 2000 until 2018 is addressed and 

summarized: infrastructure investments, municipal policies, legislation, influential 

ÌÅÁÄÅÒÓÈÉÐȟ ÃÉÔÉÚÅÎÓȭ ÅÎÇÁÇÅÍÅÎÔȟ promotion , and a relation with the evolution of 

cycling share is established. This historical context is key to understanding the 

motivators and deterrents that led people to bicycle (or not) in Lisbon. This 

research includes a chronological map of investments in cycling infrastructure . The 

observed and measured impact of major contextual changes in build environment, 

such as the construction of segregated bicycle lanes and the launch of an electric 

bike-sharing system, can shed light on the analysis of how ȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓ ÆÏÒ 

bicycle promotion can impact cycling in low cycling maturity cities. The results of 

the present case are comparable with other case-studies, where similar 

interventions occurred at the same stage of cycling maturity. 

 

This thesis followed a methodologic process that may be seen in Figure 1.5. This 

figure shows a schematization of the relation of the questions that each task and 

method aims to answer. The conclusions and leads for future work are placed up in 

the end of the process, also linked to the research questions. A detailed 

methodological approach is further described in chapter 3. 

 

 

Figure 1.5 ɀ Methodological approach  for this research.  

The literature  is reviewed in chapter 2, ending with a conceptual discussion of 

ÃÙÃÌÉÓÔÓȭ ÔÙÐÏÌÏÇÉÅÓ ÁÎÄ ÂÅÈÁÖÉÏÒÁÌ ÃÈÁÎÇÅ, and answering Q1. The answer to Q1 is 

essential for the research approach structure definition and for that reason it 

appears before Chapter 3. Chapter 3 describes the research approach and 

introduces the case study, including the methodology for the survey conducted in 

an LCM city. Chapter 4 explores the barriers and motivators that encourage or 
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discourage someone to bicycling in an LCM city, based on collected data and taking 

into account a time period effects. In chapter 5, potential cyclists are divided into 

smaller groups, and their propensity to bicycle is modeled. A sub-section at the end 

of this chapter includes a caveat regarding the willingness to bicycle bias. Chapter 

6 assesses the impact of new bicycle infrastructure and the bike-sharing system in 

the case study, using data from manual counts of cyclists in different periods. In 

order to facilitate a systematic reading, Chapters 4, 5 and 6 end with a section of 

highlightÓ ÆÒÏÍ ÔÈÅ ÃÏÎÃÌÕÓÉÏÎÓȭ ÃÈÁÐÔÅÒȢ Chapter 7 summarizes findings and 

discusses the limitations of this research and further research leads. Finally, 

chapter 8 includes a list of references, followed by a compilation of supporting 

materials grouped in four different research tasks (A to D), corresponding to the 

aforementioned tasks of this research. 
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2. Literature Review  
The literature review focuses in four main topics that this research intends to 

explore: the typologies of urban cyclists, the behavior change and mode choice, the 

barriers and motivators to bicycle, and the policies and initiatives to increase 

cycling. This chapter ends with a conceptual discussion of the typologies of cyclists 

and their process of behavioral change towards cycling that will support the 

research approach structure. 

As should be expected in an academic dissertation, in each of the following 

chapters, a theoretical framework is sometimes also provided addressing 

specifically some details of the topics covered or discussed. 

 Typologies of  urban  cyclists  2.1.

Urban cyclists are not all the same, do not travel with the same purpose or the 

same frequency, or have the same needs. It is possible to identify different groups 

of cyclists according to the experience level, risk perception, attitudes, or behavior. 

Although cyclists are highly diverse, types can be defined based on their 

characteristics (Christmas, Helman, Buttress, Newman, & Hutchins, 2010).  

Market segmentation is the process of dividing a heterogeneous population into 

smaller groups with similar individuals, based on how they would likely respond 

to a particular marketing mix (Evans, 2003; Smith, 1956) and has been used in 

transportation for many years (Beirão & Sarsfield Cabral, 2007; Dallen, 2007; 

Jacques et al., 2013; Li, Wang, Yang, & Ragland, 2013). Different market segments 

are likely to respond to policy measures in different ways (Salomon & Mokhtarian, 

1998). The use of market segmentation tools when planning for urban cycling 

improvements benefits of investments in sustainable cycling infrastructures for 

each group with common needs, interests, and priorities (Gatersleben & Appleton, 

2007; Jones & Sloman, 2003; Kroesen & Handy, 2014). While it is possible to 

develop sets of tools to increase bicycle usage through comprehensive research, a 

city that knows well its cycling population should develop sets of interventions 

that would have the most significant impact on the targeted groups (Damant-Sirois 

& El-Geneidy, 2015). Planning for targeted bicycle users is a key element in the 

management of a cycling network, which is intended to be done with informed and 
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phased investments, in order to achieve desirable bicycle modal share of regular 

trips (primarily commuting trips) with effective solutions.  

Several reports, papers, or bicycle plans and guides, whether local, regional, or 

national, recognize and refer different groups of population for planning purposes, 

although there is relatively little scrutiny on how these cyclist typologies are 

categorized or the methods they use. 'ÅÌÌÅÒȭÓ ÆÏÕÒ ÔÙÐÅÓ ÏÆ ÃÙÃÌÉÓÔÓ (Geller, 2006) 

are very popular, and are being used in several municipal and regional bicycle 

plans across the USA, Canada, and Australia, as identified by Dill and McNeil 

(2013). They define a market segment of potential bicycle users and the non-

cyclists. The AASHTO Guide for development of bicycle facilities (AASHTO, 1999) 

uses the typologies defined by FHWA (W. C. Wilkinson, Clarke, Epperson, & 

Knoblauch, 1994) in the USA and the European Union PRESTO guidelines to 

cycling promotion ɉ%ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ %ÎÅÒÇÙȟ ςπρπÂɊ adopted the 

%ÕÒÏÐÅÁÎ #ÙÃÌÉÓÔÓȭ &ÅÄÅÒÁÔÉÏÎ ÔÙÐÏÌÏÇÉÅÓ (Mayne, 2008). Transport for London 

analysis of potential cycling market (Transport for London, 2010), curiously uses 

the same typology defined by Taverner Research in Sydney (2009). Some plans 

have their own population segmentation, and it is quite common for local or 

ÒÅÇÉÏÎÁÌ ÃÙÃÌÉÎÇ ÐÌÁÎÓ ÔÏ ÕÓÅ ÔÈÅ ÓÕÇÇÅÓÔÅÄ ÃÙÃÌÉÓÔȭÓ ÃÁÔÅÇÏÒÉÅÓ ÉÎ ÐÌÁÎÎÉÎÇ ÇÕÉÄÅÓ ÁÔ 

national level. But at the same time, and except the Geller, Dill and McNeil research 

for Portland (Dill & McNeil, 2013), there has been no relationship between the 

typologies used on academic research in one local and the cycling plans for the 

same places. 

There has been an effort to assess and classify cities according to their 

commitment to the promotion of regular bicycle use. PRESTO European program 

distinguishes cities according to their level of cycling development and maturity 

(cycling infrastructures and modal share) as Starter, Climber, and Champion 

(European 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ %ÎÅÒÇÙȟ ςπρπÁɊ, and suggests approaches and 

packages of policy measures that are likely to be most effective at each stage. Since 

2011 Copenhagenize Cycling Index (Copenhagenzine Design Company, 2016) 

makes a rank of the best cities for urban cycling around the world, considering 

their methods for reestablishing the bicycle in the urban landscape. Although 

based on quantitative variables, the outcomes of these classifications are 

qualitative and easy to classify cities based on subjective judgment. 

Cities do not adopt the same strategies when promoting urban cycling at different 

maturity stages, and consider different approaches. Some are taking the first steps 

to encourage cycling as a transport mode and are starting to plan and implement 

cycling networks and other cycling infrastructures, while others with good cycling 

networks consider promotion policies to keep higher cycling modal shares. 
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Cycling plans are targeted not only for current cyclists but also, and probably 

more, for potential cyclists. The lack of a common methodology for segmenting the 

existing and potential cycling population is a gap intended to be addressed. 

Twenty studies were analyzed, included research papers, reports, and cycling 

plans and guides; many of the latter might be considered grey literature. 

Categories of professional cyclists were not considered, as this study focuses on 

urban utilitarian and recreational cycling. Although Jacques et al. (2013) used a 

cluster analysis for cyclists, pedestrians, and transit users, they did not define and 

characterized the profiles for each cluster, only for a generic profile common to 

every mode, and therefore, it was excluded from the analysis. Table 2.1 

summarizes the 20 studies reviewed. The attributes for characterization of the 

studies are: year, location, the number of different typologies found, and which 

ones, methods of classification and variables used to segment the population. If a 

survey was used, the number of respondents is mentionedȢ 'ÅÌÌÅÒȭÓ ÔÙÐÏÌÏÇÙ ×ÁÓ 

aggregated with Dill and McNealȭÓ because the latter is informed by the former; 

therefore 19 different cyclÉÓÔȭÓ ÔÙÐÏÌÏÇÉÅÓ ×ÅÒÅ ÃÏÍÐÁÒÅÄȢ  

Table 2.1 ɀ Summary  ÏÆ ÄÉÆÆÅÒÅÎÔ ÔÙÐÅÓ ÏÆ ÕÒÂÁÎ ÃÙÃÌÉÓÔȭÓ ÃÁÔÅÇÏÒÉÚÁÔÉÏÎÓ 

Location  Author, Year  Types Typologies  Based on Method  

USA FHWA, US 
Department of 
Transportation 
(W. C. Wilkinson 
et al., 1994) 

3 !ÄÖÁÎÃÅÄ ÂÉÃÙÃÌÉÓÔÓȟ "ÁÓÉÃ 
ÂÉÃÙÃÌÉÓÔÓȟ #ÈÉÌÄÒÅÎ 

Experience, 
confidence in traffic 

ɂ 

UK Transportation 
Research 
Laboratory, 
Davies et al. 
(2001) 

9 Committed cyclists, 
Regular cyclists, 
Occasional cyclists, Toe-
dippers, The unthinking, 
The self-conscious, The 
unconvinced, To-needers, 
Youngish lads 

Frequency and 
purpose 

Survey (300), 
cluster 
analysis 

Sweden Bergström and 
Magnusson 
(2003) 

4 Winter cyclist, Summer-
only cyclist, Infrequent 
cyclist, Never cyclist 

Frequency and 
weather conditions 

Survey (1,005) 

Portland, 
OR, USA 

Geller, Bicycle 
Coordinator 
Portland Office of 
Transportation 
(Geller, 2006);  
Dill and McNeil 
(2013) 

4 Strong and the fearless, 
Enthused and confident, 
Interested but concerned, 
No way no how 

Fear and confidence 
in traffic, 
relationship to 
bicycle 
transportation. 
Level of comfort 
cycling in different 
facility types, interest 
in cycling for 
commuting, physical 
ability to bicycle 

Survey (902) 
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Location  Author, Year  Types Typologies  Based on Method  

Sydney, 
Australia 

City of Sidney 
Council (2007)  

9 Children, Local cyclists, 
Commuters, Adult student 
cyclists, Recreational 
cyclists, Sport cyclists, 
Tourist cyclists, Bicycle 
couriers, Bicycle non-
users 

Age, purpose, job ɂ 

Europe Mayne, ECF 
development 
director (2008)  

4 Competitive cyclists, 
Regular or utility cyclists, 
Recreational cyclists, 
Potential cyclists (or non-
cyclists) 

Purpose ɂ 

Wales, 
UK 

Welsh 
Department for 
Transportation 
(2008) 

3 Everyday rider, Sports, 
Recreation and leisure 

Purpose ɂ 

Sydney Taverner 
Research (2009) 

4 Non-Cyclist, Potential 
Cyclists, Infrequent 
cyclists, Cyclist 

Bicycle ownership, 
interest, frequency 

Survey (1,224) 

Belgium Belgian Road 
Traffic Research 
Centre (Direction 
générale 
opérationnelles 
de la mobilité et 
des voies 
hydrauliques, 
2009) 

3 Frequent, Occasional, 
Inexperienced 

Frequency, 
experience 

ɂ 

Vancouver, 
Canada 

Winters et al. 
(2011) 

3 Potential, Occasional, 
Frequent, Regular cyclists 

Frequency per year Survey (1,402) 

UK Gatersleben and 
Haddad (2010)  

4 Responsible, Lifestyle, 
Commuter, Hippy-go-
lucky 

Behavior, motivation 
and characteristics  

Survey (244), 
factor analysis 

Montréal, 
Canada 

Larsen and El-
Geneidy (2011)  

3 Occasionally, in good 
conditions; Regularly, in 
average conditions;  
Frequently, in all 
conditions 

Frequency, 
experience, 
infrastructure  

Survey 
(2,917), self-
decision 

Netherla
nds 

Heinen et al. 
(2011) 

3 Full-time cyclists, Part-
time cyclists, Non-cyclists 

Frequency, purpose Survey (4,299) 

Portugal Institute of 
Mobility and Land 
Transport (IMTT, 
2011) 

3 Frequent, Occasional, 
Inexperienced  

Experience, risk 
perception / purpose 

A mix between 
Belgium and 
Wales 

Lisbon, 
Portugal 

Félix (2012)  3 Commuter, Beginner, 
Sports/Weekend 

Age, gender, purpose, 
experience, helmet 
use 

Survey (892), 
cluster 
analysis 

Dar-es-
Salaam, 
Tanzania 

Nkurunziza et al. 
(2012) 

6 Pre-contemplation, 
Contemplation, Prepared 
for action, Action, 
Maintenance, Relapse 

Frequency and 
motivations  

Survey (598) 

Netherla
nds 

Kroesen and 
Handy (2014)  

4 Non-cyclists, Non-work 
cyclists, All-around 
cyclists, Commuter 
cyclists 

Frequency, purpose Panel data 
(1,969), 
cluster 
analysis 
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Location  Author, Year  Types Typologies  Based on Method  

Montréal, 
Canada 

Damant-Sirois et 
al. (2014) 

4 Dedicated cyclists, Path-
using cyclists, Fairweather 
utilitarians, Leisure 
cyclists 

Frequency, purpose, 
weather conditions, 
infrastructure  

Survey 
(2,004), factor 
analysis from 
35 variables 

Australia Austroads (2014)  7 Primary school children, 
Secondary school 
children, Recreational, 
Commuter, Utility, 
Touring, Sporting 

Purpose, riding 
characteristics, 
network 
requirements 

Based on 2007 
Sydney 

ñðò Not applicable. 

At the first glance at Table 2.1, 15 out of 19 studies consider three or four types of 

cyclists, while two consider nine. A non-cyclists category is present in eight studies, 

although considering different time periods to define if someone is a non-cyclist: 

ȰÃÙÃÌÅÄ ÉÎ ÔÈÅ ÌÁÓÔ ρς ÍÏÎÔÈÓȱ (e.g. Davies et al., 2001), or ȱÃÙÃÌÅÄ ÉÎ ÔÈÅ ÌÁÓÔ Ô×Ï 

ÍÏÎÔÈÓȱ (e.g. Gatersleben & Haddad, 2010). Almost all, 17 out the 19, consider a 

group of potential cyclists, assuming that a recreational cyclist may become a 

commuting cyclist. Unsurprisingly, all the studies identified the regular, commuter 

or frequent cyclist, although using different terminologies. 

To compare the methods used for segmenting cyclists and its purpose, a detailed 

Table A.1 was built (supporting materials). The maturity of cycling of the city at the 

time where the study took place was also addressed. The studies were grouped by 

the complexity of the method used, where the methods adopting a top-down 

approach (from typology definition to data), are considered less complex than 

those using a bottom-up approach (from data to typology definition). 

Regarding the purpose of categories in each study, it is important to notice that the 

National or Regional cycle planning guides (Austroads, 2014; City of Sydney 

Council, 2007; Department for Transport, 2008; Direction générale opérationnelles 

de la mobilité et des voies hydrauliques, 2009; IMTT, 2011; W. C. Wilkinson et al., 

1994) were set in a perspective of planning for these groups. Others differentiated 

profiles on a priori  basis, mostly based on expert judgment or previous research 

experience (Damant-Sirois et al., 2014; Davies et al., 2001; Dill & McNeil, 2013; 

Geller, 2006; Mayne, 2008; Nkurunziza, Zuidgeest, & Van Maarseveen, 2012), 

mostly from academic realm. Some had the purpose of determining socio-

demographic profiles of cyclists (Bergström & Magnusson, 2003; Félix, 2012; 

Gatersleben & Haddad, 2010; Kroesen & Handy, 2014; Winters et al., 2011), others 

to differentiate cyclists relation to their preferences when choosing routes (Félix, 

2012; Larsen & El-geneidy, 2011; Winters et al., 2011). 

Similarities were sought to find on data collected to set up the typology, or relevant 

ones. The categorization of the groups is based mostly on frequency (ten) and 

purpose (thirteen). Being a particular local issue, two cases from Sweden 

(Bergström & Magnusson, 2003) and Montreal (Damant-Sirois et al., 2014), 

considered the ability to ride in different weather conditions as a factor for 
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segmentation, and five considered the dependence of cycling infrastructures for 

cycling as a factor to determine if someone falls in a category or another. 

Concerning the method used for segmentation, they have different levels of 

complexity to reach the output of typologies. One set of studies used the data 

collected to classify the respondents based on a previously defined typology of 

cyclists with an a priori  expert judgment or when the classification was based on 

ÒÕÌÅÓȟ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ Ȭ4ÏÐ-$Ï×Îȭ ÓÅÇÍÅÎÔÁÔÉÏÎ ÁÐÐÒÏÁÃÈȢ These were classified as 

ȰÅØÐÅÒÔ ÊÕÄÇÍÅÎÔȱ ×ÈÅÎ ÔÈÅÒÅ ÉÓ ÎÅÉÔher evidence-based method nor criteria for 

ÄÅÆÉÎÉÎÇ ÔÈÅ ÔÙÐÏÌÏÇÉÅÓ ÏÒ ÄÉÖÉÄÉÎÇ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎȟ ÏÒ ȰÒÕÌÅ-ÂÁÓÅÄ ÄÅÃÉÓÉÏÎȱ ×ÈÅÎ 

the typologies were made through one or more rules that determine whether a 

person falls in one category or another. The other set of studies used the 

ÒÅÓÐÏÎÄÅÎÔȭÓ ÄÁÔÁ ÃÏÌÌÅÃÔÅÄ ÔÏ ÍÁËÅ Á ÃÌÕÓÔÅÒ ÏÒ ÆÁÃÔÏÒÉÁÌ ÁÎÁÌÙÓÉÓ ÁÎÄ ÄÅÆÉÎÅ 

ÔÙÐÏÌÏÇÉÅÓȟ ÔÈÕÓ ÓÅÇÍÅÎÔÉÎÇ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎ ×ÉÔÈ Á Ȱbottom-uÐȱ ÁÐÐÒÏÁÃÈȢ %ÌÅÖÅÎ 

studies were based on a field survey for data collection. These studies may give 

some clues for the proposed methodology. Plans and planning guidelines did not 

present or use any particular method for segmentation besides the expert 

judgment of the authors. 

When assessing the places where the studies occurred regarding the cycling 

maturity, two aspects were covered: the acceptance of cycling and the cycling 

infrastructures. Only local studies were considered. The cycling modal share was 

used as a metric of the acceptance of cycling, considering that if people cycle, it is 

though accepted and encouraged in those places. This criterion is dependent on 

the evidence provided in those studies or on other sources of information. For the 

cycling infrastructures, a qualitative evaluation was performed based on our 

observation of current cycling network maps available for each city (municipal 

websites, Google Maps, and Google Earth), classifying the cities between zero 

infrastructures or facilities to a good density of bicycle paths and a connected 

network. 

Although several studies point to a direct relationship between cycling 

infrastructures and modal share (Buehler & Pucher, 2011; Dill & Carr, 2003; 

Pucher & Buehler, 2008), within this small sample there is not clear evidence of 

that relation. Montréal has an outstanding cycling network, but a cycling modal 

share below 3%. Although the latest official data for Dar-es-Salaam is from 2007, 

Nkurunziza et al. (2012) state that cycling is increasing for transportation even 

×ÉÔÈ ÎÏ ÄÅÄÉÃÁÔÅÄ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅÓȢ !ÌÓÏȟ ÔÈÅÒÅ ÉÓÎȭÔ Á ÃÌÅÁÒ ÒÅÌÁÔÉÏÎship between the 

cycling maturity level and the complexity of the adopted methods at those places. 

The relationship between cycling maturity and the options made for categorizing 

cyclists that the authors were seeking in each study may provide us a new insight 

ÆÏÒ ÔÙÐÏÌÏÇÉÅÓȭ ÅÐÉÓÔÅÍÏÌÏÇÙȢ  
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It is relevant to make some observations about the studies or methods used and 

their transferability or replicability to other cities. All methods are different, and 

some can be applied worldwide, no matter the city stage, particularly the ones with 

more straightforward  rule-based decisions. Others, even for the same city, cannot 

be used ÁÇÁÉÎȟ ÂÅÃÁÕÓÅ ÔÈÅÙ ÒÅÌÙ ÏÎ ÃÙÃÌÉÓÔȭÓ ÄÅÐÅÎÄÅÎÃÅ ÏÒ ÃÏÍÆÏÒÔ ×ÈÅÎ ÒÉÄÉÎÇ ÏÎ 

cycling infrastructures that evolve over time, and some consider specific 

characteristics of the place, as weather conditions factors. 

An effort was made to summarize the merits and critics of each relevant method, 

highlighting the common features among them. 

Positive remarks: 

¶ Measures the share of each type (Bergström & Magnusson, 2003; Damant-

Sirois et al., 2014; Davies et al., 2001; Dill & McNeil, 2013; Félix, 2012; 

Geller, 2006; Kroesen & Handy, 2014; Nkurunziza, Zuidgeest, & Van 

Maarseveen, 2012; Taverner Research, 2009; Winters et al., 2011); 

¶ Very detailed and comprehensive method of analysis (Damant-Sirois et al., 

2014; Félix, 2012); 

¶ Provides information from a context where there is few literature about 

cycling (Nkurunziza, Zuidgeest, & Van Maarseveen, 2012). 

Negative remarks: 

¶ Did not consider the non-cyclists (Damant-Sirois et al., 2014; Félix, 2012; W. 

C. Wilkinson et al., 1994); 

¶ Only considers commuting trips (Heinen et al., 2011; Nkurunziza, Zuidgeest, 

& Van Maarseveen, 2012); 

¶ Terminologies are not self-explanatory (Davies et al., 2001; Gatersleben & 

Haddad, 2010; Nkurunziza, Zuidgeest, & Van Maarseveen, 2012); 

¶ Terminologies are not replicable to other contexts (Davies et al., 2001; 

Gatersleben & Haddad, 2010); 

¶ Terminologies are based on the 0ÒÏÃÈÁÓËÁȭÓ stages (Nkurunziza, Zuidgeest, 

& Van Maarseveen, 2012); 

¶ Rule-based method cannot be applied to cities with lower level of cycling 

infrastructures (Dill & McNeil, 2013); 

¶ Rule-based method was developed subjectively rather than on an empirical 

basis (Dill & McNeil, 2013), which already point out by Damant-Sirois et al. 

(2014); 

¶ Data needs or methods are too complex to replicate in time and space 

(Damant-Sirois et al., 2014; Kroesen & Handy, 2014). 

 

A caveat regarding the independence of the segments should be noticed since 

some of these segmentations are not exclusive and may overlap: individuals may 

belong to more than one group. For instance, occasional and inexperienced 

(Direction générale opérationnelles de la mobilité et des voies hydrauliques, 2009; 
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IMTT, 2011), sport cyclist and children (Austroads, 2014; City of Sydney Council, 

2007), non-cyclists and non-work cyclists (Kroesen & Handy, 2014), winter cyclists 

and summer-only cyclists (Bergström & Magnusson, 2003). Christmas et al. (2010) 

made an attempting of segmentation of cyclists for road safety purposes and found 

that a number of interesting segments overlap, particularly when trying to 

ÄÉÓÔÉÎÇÕÉÓÈ ÔÈÅÍ ÂÅÔ×ÅÅÎ ȬÌÅÉÓÕÒÅȭ ÁÎÄ ȬÕÔÉÌÉÔÙȭ ÃÙÃÌÉÓÔÓȟ ÁÓ ÁÎ ÉÎÄÉÖÉÄÕÁÌ ÍÁÙ 

commute to work, go for a ride in the park and use the bicycle to go to the grocery 

store latter. 

Several studies identified market cycling typologies, some resort to empirical 

ÍÅÔÈÏÄÓȟ ÍÁÉÎÌÙ ÆÒÏÍ ÔÈÅ ÁÃÁÄÅÍÉÃ ÒÅÁÌÍȟ ÏÔÈÅÒÓ ÓÏÕÇÈÔ ÏÎÌÙ Á ÃÙÃÌÉÓÔÓȭ 

segmentation to better advice targeted policies and measures in order to 

encourage cycling. From the analysis of 20 reports, papers, and bicycle plans and 

guides, the methods to differentiate the cyclist population were compared and 

communalities, advantages and limitations were found. Previous research 

concerns about identifying a segment of non-cyclists, potential-cyclists and 

regular-cyclists ɀ the groups to target different  policies in a perspective of cycling 

encouragement. The three clearly defined profiles of bicycle users reveal a natural 

segmentation related to the personal motivations and fears of users in a context of 

change and evolution. 

Almost all studies consider a group of potential cyclists, with other terminologies 

that include the recreational or the infrequent cyclists, and all the studies identified 

the regular, commuter, or frequent cyclist. From the aforementioned works, there is 

no general concern for considering a group of non-cyclists. Although the group of 

people who do not currently cycle at all is unlikely to take up cycling, at least in the 

short term, it  should not be ignored in terms of cycling promotion but encouraged 

to shift their opinion  and behavior (Davies et al., 2001). Furthermore, from a 

planning perspective, we should always know what percentage of the population 

these non-cyclists account for and have a glimpse at the overall population cycling 

culture (or willingness to cycle), in that location, and at that time. PRESTO Program 

ɉ%ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ %ÎÅÒÇÙȟ ςπρπÂɊ outlines a desirable shift between 

target groups towards more cycling (Figure 2.1). Frequency and trip purpose 

strike out as the most common variables to define if a cyclist falls into one category 

or another. 
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Figure 2.1 ɀ Target  groups and the desirable shift s ɉ%ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ %ÎÅÒÇÙȟ ςπρπÂɊ 

It is quite common to use rule-based decision criteria to segment a population for 

easiness of application, although some of the criteria, or decision rules, are quite 

subjective. Some more sophisticated methods, although with interesting results, 

are difficult to replicate in other contexts or time periods, especially if they depend 

on data challenging to collect. As such, transferability to other cities may be 

jeopardized. A method should not be too complex, and should be suitable for cities 

with different maturity l evels of cycling infrastructure. 

Although some of these aspects are explored in this research, they should be 

explored deeper in future research, for example: if there are different socio-

ÄÅÍÏÇÒÁÐÈÉÃ ÐÒÏÆÉÌÅÓ ÆÏÒ ÄÉÆÆÅÒÅÎÔ ÔÙÐÅÓ ÏÆ ÃÙÃÌÉÓÔÓ ÉÎ ÄÉÆÆÅÒÅÎÔ ÃÉÔÉÅÓȠ ÉÆ ÔÈÅ ÃÙÃÌÉÓÔȭÓ 

typologies are the same in different cycling maturity levels, or are there some 

ÔÙÐÅÓ ÔÈÁÔ ÄÉÓÁÐÐÅÁÒ ÏÒ ÁÒÉÓÅȠ ×ÈÉÃÈ ÁÒÅ ÔÈÅ ȰÐÒÅÄÏÍÉÎÁÎÔȱ ÇÒÏÕÐÓ ÉÎ ÅÁÃÈ ÓÔÁÇÅ ÏÆ 

cycling maturity and if there are advantages of creating sub-categories for these 

groups, from a cycling planning perspective. 

 Modal choice and behavior change  2.2.

The benefits of active transportation, and cycling in particular, are well known for 

cities, including sustainability, equity, health, and life quality. Increasing active 

mobility behavior, such as cycling, could help to address rising rates of obesity, 

benefit physical and mental health, and reduce serious health problems associated 

with lack of exercise and air quality (Garrard, Rissel, & Bauman, 2012; Pérez et al., 

2017; Sallis, Frank, Saelens, & Kraft, 2004). However, changing the behavior of a 

population could be described as one of the challenges of our time. 

In order to understand what is behind the choice of cycling in deterring to another 

transportation mode, and how a behavior change is processed, it is necessary to 

look up to the theories of behavior change and behavior choice. A set of selected 
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theories that can help to understand this process are summarized in the following 

paragraphs of this sub-section.  

Utility Theory  (Ben-Akiva & Lerman, 1985). From the standard economic theory, 

utility theory provides a methodological framework for the evaluation of 

alternative choices made by individuals. Utility refers to the satisfaction that each 

choice delivers to the decision-maker. Thus, utility theory assumes that any 

decision is made on the basis of the principle of utility maximization, according to 

which the best choice is the one that provides the highest utility (satisfaction) to 

the decision-maker. Although it is impossible to measure the utility derived from a 

good or service, it is usually possible to rank the alternatives in their order of 

preference to the individual. The rational decision maker will not choose a 

transport mode unless its marginal utility is at least equal or greater than another 

mode. 

Prospect  Theory  (Kahneman & Tversky, 1979; Tversky & Kahneman, 1992). 

Prospect theory is a behavioral economic theory that describes the way people 

choose between probabilistic alternatives that involve risk, where the probabilities 

of outcomes are known. If in conventional economics, gains and losses are treated 

equally; in prospect theory a lost outweighs a gain. Classical economics cannot 

describe, explain, or predict choice behavior, and people are loss averse, generally 

appearing to dislike losing something about twice as much as they like gaining it. 

Tversky and Kahneman (1992) developed utility theory in prospect theory by 

applying decision weights to the probabilities. Loss aversion can be explained by 

prospect theory, which states that ÁÎ ÉÎÄÉÖÉÄÕÁÌȭÓ ÖÁÌÕÅ ÆÕÎÃÔÉÏÎ is concave for 

gains but convex for losses, which means that people make decisions based on the 

potential value of losses and gains rather than the outcome and that people value 

these losses and gains differently for the same change (Figure 2.2). In the prospect 

theory, the same outcomes may be presented as gains or losses from a neutral 

starting point. 

 
Figure 2.2 ɀ Value of losses and gains for the same change (A)1 

                                                        
1 Retrieved from: https://econfix.wordpress.com/2013/03/27/behavioural -economics-propsect-theory/  
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On another hand, it is common for humans to overestimate the probability of  

positive events that will happen in the future, such as being successful in life or 

have a long life, and underestimate the likelihood of negative ones, such as being 

evolved in a car accident or suffer a terminal disease. This phenomenon is known 

as the optimism bias  (Sharot, 2011) and is one of the most consistent biases 

documented in psychology and behavioral economics. 

Social Learning Theory  (Bandura, 1971). This theory assumes that actions are 

undertaken because they are learned behaviors derived from observing family or 

friends. The idea of social learning theory is that new behavior can be learned by 

both experiencing social reinforcement and approval when the behavior is 

ÉÍÐÏÓÅÄ ÁÎÄ ÂÙ ÏÂÓÅÒÖÉÎÇ ÔÈÅ ÁÐÐÒÏÖÁÌ ÇÉÖÅÎ ÔÏ ÏÔÈÅÒ ÐÅÏÐÌÅȭÓ ÓÉÍÉÌÁÒ ÂÅÈÁÖÉÏÒȢ 

For instance, the responses may vary among different groups of work colleagues to 

someone arriving to work in an expensive new car or to someone arriving by 

bicycle. 

Self-Efficacy Theory  (Bandura, 1977). Perceived self-efficacy is defined as 

people's beliefs about their capabilities to produce designated levels of 

performance that exercise influence over events that affect their lives. Self-efficacy 

beliefs determine how people feel, think, motivate themselves, and behave. Such 

beliefs produce these diverse effects through four major processes: cognitive, 

motivational, affective, and selection processes. According to Bandura, 

expectations such as motivation, performance, and feelings of frustration 

associated with repeated failures determine effect and behavioral reactions. 

Bandura separated expectations into two distinct types: self-efficacy and outcome 

expectancy. He defined self-efficacy as the conviction that one can successfully 

execute the behavior r equired to produce the outcomes (Figure 2.3 shows this 

relationship). The outcome expectancy refers to a person's estimation that a given 

behavior will lead to certain outcomes. He states that self-efficacy is the most 

important precondition for behavioral change since it determines the initiation of 

coping behavior.  

 

Figure 2.3 ɀ Representation of the difference b etween efficacy expectations and outcome expectations. 
Adapted from Bandura  (1977, p. 193)  

For instance, for an individual (person) to quit smoking (behavior) for health 

reasons (outcome), she must believe both that cessation will benefit her health 

(outcome expectation) and also that she is capable of quitting (efficacy 

expectation) (Rosenstock, Strecher, & Becker, 1988). When thinking about a 

change to cycling, a person to adopt cycling on a regular basis for health or other 
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reasons (e.g., lower travel time or environmental impacts), she must believe both 

that cycling will benefit her and that she is capable to take that step. 

Theory of Planned Behavior  (Ajzen, 1985). The theory of planned behavior is a 

theory that predicts deliberate behavior, because behavior can be deliberative and 

planned. Ajzen improved the predictive power of the Theory of Reasoned Action 

(Fishbein & Ajzen, 1977) by including perceived behavioral control, which 

originates from "ÁÎÄÕÒÁȭÓ self-efficacy theory. According to the Theory of 

Reasoned Action, if people evaluate the suggested behavior as positive (attitude), 

and if they think their significant others want them to perform the behavior 

(subjective norm), this results in a higher intention (motivations) , and they are 

more likely to do so. Ajzen suggests that intention and subsequent behavior are 

determined by three variables: 

1. The attitude toward the behavior, measured as the sum of beliefs about an 

outcome/consequence and the value of the outcome. In the transport 

context, the beliefs about an outcome may be about probability of spending 

money and time as well as risk. 

2. The subjective norm, as the sum of the products of beliefs about the 

normative expectations of the others and the individual motivation to 

comply with the beliefs of others. The result of this product is a variable 

that expresses the extent to which a person may think the people who 

matter to him/her to travel in a certain way. 

3. The perceived behavioral control, as the sum of individual measures of 

control, as the presence of factors that may facilitate or impede 

performance the behavior. In transport, this may include limits on time, 

money or car availability. 

 

Figure 2.4 ɀ Conceptual model of the Theory of Planned Behavior 2 

Transtheoretical model or Stages of Change  (Prochaska & DiClemente, 1984, 

1986; 1997). The Transtheoretical Model (TTM) of behavior change assesses an 

                                                        
2 Retrieved from: http://people.umass.edu/aizen/tpb.diag.html  
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individual's readiness to act on a new behavior. The Stages of Change model posits 

that behavior change is a transition through a time-ordered sequence of stages, 

reflecting the cognitive and motivational difficulties people encounter in 

implementing a general behavior change. The model deals with intentional 

changes in behavior, target-oriented, and focuses entirely on the decision making 

of the individual to achieve a regular practice of that behavior. The model defines 

behavioral change as a process, rather than an event that occurs, in five distinct 

successive stages, towards a behavior change and maintenance, as follows:  

1. Pre-contemplation (Not Ready) ɀ "People are not intending to take action in 

the foreseeable future, and can be unaware that their behavior is 

problematic". 

2. Contemplation (Getting Ready) ɀ "People are beginning to recognize that 

their behavior is problematic, and start to look at the pros and cons of their 

continued actions". 

3. Preparation (Ready) ɀ "People are intending to take action in the immediate 

future, and may begin taking small steps toward behavior change". 

4. Action ɀ "People have made specific overt modifications in modifying their 

problem behavior or in acquiring new healthy behaviors". 

5. Maintenance ɀ "People have been able to sustain an action for at least six 

months and are working to prevent relapse". 

In their research, Heinen et al. (2011) ÁÌÓÏ ÉÎÃÌÕÄÅÄ ȬȬÈÁÂÉÔȱȟ ÁÓÓÕÍÉÎÇ ÔÈÁÔ ÎÏÔ ÁÌÌ 

decisions are made after a rational evaluation of alternatives, but that past 

behavior and behavior in other travel situations affect the modal choice. For 

individuals that do no longer practice or maintain a behavior, other studies 

proposed to add a sixth stage: the Relapse, when individuals may then revert to an 

earlier stage of change. 

Although coming from the health field, ProchaskaȭÓ model was applied by several 

researchers to explore the motivations to change for cycling on a daily basis (for 

instance, Gatersleben & Appleton, 2007; Gatersleben & Haddad, 2010; Nkurunziza, 

Zuidgeest, & Van Maarseveen, 2012). 

Yet, some critics have been made to the TTM. The lines between the stages can be 

arbitrary with no set criteria of how to determine a person's stage of change. 

Regarding the transitions in a continuous time span, there is no clear sense of how 

much time is needed for each stage, or how long a person can remain in a stage. 

Also, the model assumes that individuals make coherent and logical plans in their 

decision-making process, when this is not always true. 

Norm -Activation Theory.  The norm-activation theory (Schwartz, 1977) aimed at 

explaining pro-social behavior on intent to benefit other people or society as a 

whole. The norm-activation theory explains altruistic and environmentally friendly 

behavior. It was later developed into the value-belief-norm theory (Stern, 2000), to 
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specifically account for pro-environmental values, attitudes, and behavior. Giving 

an example in the transportation field, the norm-activation theory may be more 

suitable than TPB in explaining car-use reduction, whereas car use predominantly 

depends on evaluations of positive and negative consequences for the car user, 

car-use reduction appears to depend more strongly on pro-social motives. The 

perception that one is responsible for a behavior that causes harm to other people 

is frequently associated with a feeling of guilt, which is a pro-social emotion that 

(most of the time) results in a felt obligation to compensate for the caused 

damages. Besides feelings of guilt, social norms also inform people about what 

behavioral standards their social reference group views as appropriate in a 

particular context.  

 Barriers  and motivators  to bicycle  2.3.

Many factors can influence a person's decision to bike. The analysis of the 

relationship between the observed choice to cycle and the factors influencing this 

choice is a complex process (Parkin et al., 2007). In 1992, the National Bicycling 

and Walking Study (Federal Highway Administration, 1992) identified a 

comprehensive pack of those factors, that can be categorized as: 

¶ Individual factors, attitudes, and perceptions of subjective and objective 

factors; 

¶ Social and cultural factors such as socio-economic demographics; 

¶ Built environment factors such as urban design, land use planning and 

bicycle infrastructure;  

¶ Safety, assessing both perceived and actual levels of risk faced by cyclists; 

and 

¶ Policy and regulation, such as transport and land use policies affecting 

funding and priorities between different modes of transport. 

The same authors drew a diagram with the process of the decision to commute by 

bicycle (Figure 2.5), according to which if some constraints were overcome, the 

decision to change to bicycle would become a reality. 
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Figure 2.5 ɀ Arriving at the decision to bicycl e commute (Federal Highway Administration, 1992, p. 70)  

Several barriers and motivators to bicycle are explored in the literature, and are 

arranged in different categories in this section. 

Buil t environment  

It is commonly agreed that active modes tend to be more influenced and 

conditioned by the physical and built environmental factors, which translate 

potentially into significant barriers and motivators for walking and cycling. For 

instance, the implementation and expansion of segregated cycling networks and 

facilities are interventions that have a high likelihood to successfully induce cycling 

(Dill & Carr, 2003; Pucher & Buehler, 2005; Santos et al., 2013), as tested before 

and after some interventions (Braun et al., 2016; Marqués et al., 2015). Dill & 

Voros (2007) found that objective measures of proximity to bike lanes were not 

associated with higher levels of cycling. However, positive perceptions of the 

availability of bike lanes were associated with more cycling and the desire to cycle 

more, and higher levels of street connectivity were associated with more cycling 

for utilitarian trips.  

There is an extensive literature on factors that influence cycling to model route 

choices, which can provide proper insights on factors that influence cycling. Also, 

route choice models may help planners to decide where to build infrastructures. 

Routes away from traffic noise and pollution, routes with beautiful scenery, and 

paths separated from traffic are considered relevant for route choice for cyclists, 

and its location, quality, and design play an important role to promote cycling 

(Broach, Dill, & Gliebe, 2012; Félix, 2012; Winters et al., 2011). Other features of 

routes, such hilliness, directness, road surface and pavement, the number of 

intersections and stops required, are also critical  to consider when planning a 

cycling infrastructure like a segregated bike lane.  
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Several authors focus on the parking availability at the destination as a critical 

factor to encourage bike choice (Hunt & Abraham, 2007; Pucher et al., 2010, to 

name a few). Although from the literature, the housing situation is not universally 

described as one major barrier to bicycle; this can be particularly deterrent 

depending on city configurations and housing characteristics. If someone does not 

have bicycle storage at home, she is less likely to bicycle (Fernández-Heredia, Jara-

Díaz, & Monzón, 2016). 

Natural environment  

Physical environment factors are identified as barriers or motivators that influence 

cycling choice. Some are permanent in time, such as air pollution, greenery, and 

topography (Dill & Voros, 2007; Winters et al., 2010); while others change in time, 

such as climate and weather conditions in seasons (Bergström & Magnusson, 

2003; Fournier, Christofa, & Knodler, 2017; Winters et al., 2007), although being 

predictable. But there are also daily factors that can change the choice in adopting 

cycling, such as having to transport a load (Heinen et al., 2011). 

The relative impact of these barriers certainly varies from place to place, though in 

many situations, the lack of data hinders the possibility of making such an 

evaluation. 

Socio-Economic Factors 

The household characteristics, in particular, their population, size and composition 

are known to influence the active mode choice. Heinen et al. (2010) found that 

having no children increases the probability of cycling, and the number of children 

is negatively associated with cycling (Hamre & Buehler, 2014). As noticed by Ton 

et al. (2019)  income is often identified as a determinant of active mode choice, 

however mixed conclusions are reported regarding the directionality of the 

relationship (S. Handy, Wee, & Kroesen, 2014; Heinen, van Wee, & Maat, 2010; 

Majumdar & Mitra, 2015; Muñoz, Monzon, & López, 2016). 

Psychological factors and social norms  

There are many barriers to cycling in urban environments, some relating to a lack 

of physical infrastructure, and some being perceptual or psychological (Daley, 

Rissel, & Lloyd, 2007). The relationship between the observed choice to bicycle 

and the factors influencing this choice is a complex analysis process. Parking et al. 

(2007) recognize that other, less tangible factors play a role, such as the effort 

expended by the cyclist, self-image, perceived ability, and social norms. In Sydney, 

Daley & Rissel (2011) studied how the public image of cycling and cyclists can act 

as barriers or facilitators of cycling for both cyclists and non-cyclists. Cycling was 

generally viewed as a positive, clean and green, environmentally friendly activity, 

healthy and fun. A common perception among non-cyclists was that they are law 

breakers and risk-takers, while regular cyclists felt unfairly judged by this 

stereotype. The same authors found that the average person does not view cycling 
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as an everyday activity, considering it a significant psychological barrier, 

particularly for non -cyclists, who do not even think of riding a bicycle as a regular 

transport option  (Daley & Rissel, 2011). They conclude that in order to increase 

cycling levels, cycling needs to become more mainstream. Other authors also 

acknowledge social norms to have strong influence on shifting to cycling, 

particular to social groups rather than individuals (Muñoz et al., 2016; Underwood, 

Handy, Paterniti, & Lee, 2014). 

Financial constraints are also perceived as motivators to adopt cycling, from the 

perspective of individuals who prefer not to spend money in other modes or that 

the choice of a mode is not among a set of alternatives, i.e., car and public transit 

are too expensive. But this factor is also perceived as the low social status of riding 

over other transport modes (Daley & Rissel, 2011): a negative image people have 

of cyclists regarding their economic status, which is in most of the times a wrong 

judgment, and which can also act as a barrier. 

The literature explores several hypotheses relating to social and cultural 

background, attitude, travel behavior, safety perception, and habit. Nevertheless, it 

was found that changes in travel behavior can also be associated with a change in 

life circumstances rather than a change in the social or external environment 

(Chatterjee, Sherwin, & Jain, 2013), such as health problems, the birth of a child, or 

a change in employment, school or residence. 

Distance, time and effort  

Distance is the most basic and important constraint on utilitarian bicycle usage 

(Heinen et al., 2011), and also the most unmanageable. It is considered that the 

bicycle is quite a competitive mode of transport for distances of less than 8-10 km3. 

Within the range of 8-15 km it gets more unlikely to bicycle, and when not 

combined with motorized modes or with an e-bike, cycling is a very unlikely option 

above 15 km (Shannon et al., 2006; Uttley & Lovelace, 2016; Vale, Pereira, & Viana, 

2018).  

There is undoubtedly a relation between hilly cities and low cycling levels. Due to 

the physical effort involved, cyclists prefer level and moderate terrains over 

mountainous or steeper terrains (Stinson & Bhat, 2003; Winters et al., 2010), and 

do not associate cycling with  a city with perceived hilliness. Perspiration when 

arriving at work is also considered as a major deterrent to cycling adoption 

(Engbers & Hendriksen, 2010). Electric bicycles (e-bikes) require less physical 

effort, enabling more people to bicycle and more trips to be made by bicycle 

(Popovich et al., 2014), overcoming common barriers to bicycling for all types of 

riders (Dill & Rose, 2012). 

                                                        
3 In the literature there is not a conclusive uniformity about this value. 
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Nevertheless, travel time and distance to cycle to work have been found to be 

perceived as significantly longer by non-cyclists than by cyclists (De Geus et al., 

2008). But it is true that non-cyclists often lack information about the fastest and 

most convenient cycling routes (Félix, 2012). Moreover, research shows that non-

cyclists perceive a relatively small riding distance to be too far, while the same 

distance is covered by the majority of the cyclists on a regular basis (Rose & 

Marfurt, 2007). These are major barriers to  cycling for commuting and should be 

targeted in cycling campaigns, especially for people living within cycling distance 

to work (Engbers & Hendriksen, 2010). 

Safety 

The perception of safety is perhaps one of the most important factors influencing 

the decision to bicycle, and cycling is often associated as risky and dangerous 

(Rissel, Campbell, Ashley, & Jackson, 2002). A number of studies have concentrated 

mainly on perceptions of risk in cycling and the provision of cycling facilities to 

overcome this barrier (for instance, Chataway, Kaplan, Nielsen, & Prato, 2014; 

Götschi, Castro, Deforth, Miranda-Moreno, & Zangenehpour, 2018; McClintock & 

Cleary, 1996; Swiers, Pritchard, & Gee, 2017; Vanparijs, Int, Meeusen, & Geus, 

2015). Addressing both perceived and objective safety improvements require 

slightly different but necessarily coordinated approaches. 

Perceptions of neighborhood crime may also influence the decision to bicycle (Dill 

& Voros, 2007). 

Some authors draw conclusions on the perceived barriers to cycling in The 

Netherlands (Engbers & Hendriksen, 2010; Ton et al., 2019), Brussels (De Geus et 

al., 2008) and Montreal (Damant-Sirois & El-Geneidy, 2015), although these are all 

places with a higher cycling maturity. 

De Geus et al. (2008) assessed the perceived barriers and benefits of cycling among 

cyclists and non-cyclists and analyzed these two groups as different but 

homogeneous within themselves. In another research, with a similar approach, De 

Geus and colleagues (De Geus et al., 2019) found that the influence of individual 

and social factors can better distinguish Cyclists and Non-cyclists, than the 

environmental ones. In Poland, Biernat et al. (2018) used a national dataset to 

segment the population of cyclists and assessed the reasons why they bicycle 

(what they called motivators) and rated the condition of infrastructure, safety, and 

the availability of bicycle facilities at destinations (what they called barriers). In 

Madrid, an LCM city, Muñoz et al. (2013)  examined perceptions of different cycling 

factors and their influence on bicycle commuting between Cyclists and Non-

cyclists, assuming that the perceptions with higher scores were motivators, and 

lower scores were barriers to cycling. They found that attitudes and other 

psychological variables play a less important role for cycling in a city where cycling 

is not common. 
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The individual, social, and subjective enablers or triggers to cycling that do not rely 

on changes to the built environment or promotion programs are also scarce in the 

literature. Overcoming a perceived barrier and reaching the threshold for cycling 

adoption for an individual is usually combined with one (or several) motivators, 

which makes latent inertia to be overcome. There is also a lack of complete and 

comprehensive knowledge in this area, with validation of theories by case studies.  

It is important to address and understand if we minimize the objective barriers 

and if a number of the perceived barriers are overcome, a non-cyclist would take 

action to cycle. 

The literature shows that there is a greater concern in the academic realm in 

exploring and describing the barriers and deterrents to cycling rather than the 

enabling factors that lead to its adoption. It could be assumed that when the 

barriers are overcome, they become motivators, although this is not always true. 

For instance, overcoming safety concerns does not mean that safety is ensured; or 

the availability of a bicycle in right  conditions does not represent the same impact 

on the modal choice than bicycle unavailability (refer to the Prospect Theory, 

where good is undervalued and bad is overrated). Nevertheless, a better 

understanding of the perceived barriers may shed light on which tools to develop 

in order to attenuate their impact on cycling avoidance. 

Based on a review of the literature, it is not uncommon for researchers to seek to 

understand the barriers to bicycling, addressing cyclists and non-cyclists as two 

different groups. However, the literature does not address the (less obvious) 

triggers that induce changes towards cycling separately from barriers to cycling. 

There is even less research in cities with low cycling development and maturity, 

which typically have a sizeable non-cyclist population, that includes the potential 

cyclists. 

The following section outlines some motivators and barriers overcomers that are 

in the realm of public policies and actions. 

 Policies and actions to increase  cycling  2.4.

Cities face different stages of cycling maturity, and therefore, have different 

strategies and prio rities of investments ɀ hard and soft measures ɀ in order to rise 

up cycling modal share or to maintain the current one. The %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ 

Intelligent Energy (2010a) suggests focusing the investments mainly in promotion 

efforts and cycling infrastructures. 

Cities with low cycling maturity face the hardest challenge: few cyclists, little 

infrastructure, no cycling culture, cycling being considered unsafe and not 

respected, and car-centered urban planning and design. Current cyclists in these 

cities may quit if conditions do not improve or even deteriorate. In medium cycling 
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maturity cities, cyclists are a visible presence, but the potential cycling level is not 

yet clear and there is still quite a lot of progress to be made to encourage modal 

shifting for bicycles. In high cycling mature cities ɀ ×ÈÁÔ ×Å ÍÁÙ ÃÁÌÌ Á ȰÂÉËÅ-

ÆÒÉÅÎÄÌÙ ÃÉÔÙȱ such as Amsterdam or Copenhagen ɀ there is no need to convince 

people to adopt cycling, as it is a normal practice. Cyclists demand a high level of 

quality of infrastructures and the challenge is to maintain the cycling levels by 

improving infrastructure  quality and cycling comfort. 

Various guidebooks and reports on how to increase bicycle modal share are 

available. In the academic realm, also several studies report conclusions about the 

policies and actions that rose cycling modal shares. Handy et al. (2012) examined 

how some small cities with less than 300.000 inhabitants in North America and 

Europe have succeeded in promoting cycling, looking at the strategies adopted and 

the factors that contributed to their success. Based on the examples of several 

successful cases across the globe, Pucher and Buehler (2012) summarized the key 

lessons for cycling promotion and successful implementation of cycling policies 

and implementation strategies, as described in Table 2.2, which supports the 

crucial role of public policy in encouraging bicycling. 

Table 2.2 ɀ Key lessons for cycling promotion and successful implementation of cycling polic ies 
(Pucher & Buehler, 2012, p. 350)  

Infrastructure, policies, and pr ograms to increase cycling  
1. Provide a comprehensive package of integrated measures 
2. Build a network of integrated bikeways with intersections that facilitate cycling 
3. Provide good parking at key destinations and public transportation stations 
4. Implement bike-sharing programs 
5. Provide convenient information and promotional events 
6. Introduce individualized marketing to target specific groups 
7. Improve cyclist education and expand bike-to-school programs 
8. Improve motorist training, licensing, and traffic enforcement 
9. Restrict car use through traffic calming, car-free zones, and less parking 
10. Design communities to be compact, mixed-use, and bikable 

Implementation strategies  
1. Publicize both individual and societal benefits 
2. Ensure citizen participation at all stages of planning and implementation 
3. Develop long-range bike plans and regularly update them 
4. Implement controversial policies in stages 
5. Combine incentives for cycling and disincentives for car use 
6. Build alliances with politicians, cycling organizations, and other bike-friendly 

groups 
7. Coordinate bike advocacy and planning through national organizations 

 

The investment of infrastructures has a higher likelihood to induce cycling (Dill & 

Carr, 2003; Pucher & Buehler, 2005; Santos et al., 2013), as tested before and after 

some interventions (Braun et al., 2016; Marqués et al., 2015), but only by 

establishing a possible relationship that a change in built environment made 

cycling rise, and not by covering if people start cycling due to that change in built 

environment or due to any other latent factors. Still, evidence is scarce on how 
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much these investments increase cycling levels (Pucher et al., 2010; Yang et al., 

2010), due to a lack of standard practice of setting targets for interventions and 

monitoring the outcomes. Self-selection represents the idea that people who 

already have the intention to bicycle will locate themselves in areas that offer 

substantial bicycle infrastructure, and this may give the impression that this type 

of infrastructure incentivizes people to cycle more, and should also not be 

neglected when assessing the outcomes of cycling interventions (Kri zek, Barnes, & 

Thompson, 2009; Pinjari, Bhat, & Hensher, 2009). Also, evidence on bicycle mode 

share increase after the implementation of bike-sharing programs is sometimes 

confounded by improvements in bicycling facilities made at the same time (Pucher 

et al., 2010). From Table 2.3 we may appreciate the impact of some investments in 

cycling infrastructures and facilities and the growth of cycling modal share, based 

on official data. The annual growth from these cities is barely uniform, and few 

conclusions can be drawn from this data. 

Table 2.3 ɀ Bicycle modal share growth after investments in cycling infrastructure and facilities (data 
from Pucher et al., 2010)   

City t=0  t=1  growth/year  
Barcelona 0,75% (2005) 1,76% (2007) 0,51% 
Paris 1% (2001) 2,5% (2007) 0,25% 
Lyon 0,5% (1995) 2% (2006) 0,14% 
Nantes 2% (2008) 4% (2012) 0,50% 
Bogota 0,8% (1995) 3,2% (2006) 0,22% 

 

Although numerous studies point to infrastructure design, street patterns, 

destinations, traffic and population densities as key factors associated with 

walking and cycling, they do not, however, prove that a change in any of those 

factors will lead to a change in walking and cycling (Krizek, Handy, & Forsyth, 

2009). In another study (Piatkowski, Marshall, & Krizek, 2019), researchers 

concluded that enabling active modes through basic infrastructure may be a 

necessary first step for many cities with little or no infrastructure , but they say that 

such approach is likely to have only modest impacts on travel behavior. The 

authors suggest that significant travel behavior changes may not be possible 

without policies and infrastructure levers that deter people from car driving , and 

that both enablers and deterrents, together, would be more efficient toward 

increasing active travel. 

There is a lack of measurable evidence on by how much these investments in 

cycling infrastructure and equipment increase cycling levels (Pucher et al., 2010; 

Yang et al., 2010), coming from an absence of practice of setting targets for the 

impact of interventions and monitoring the outcomes. The availability of metrics 

that can inform the planning and mobility management authorities on the degree 

ÏÆ ÕÓÅÒÓȭ ÁÄÈÅÓÉÏÎ ÔÏ ÐÏÌÉÔÉÃ options and measures adopted, and the level of 

performance that is obtained, is an important issue.  
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In the last decade there has been an investment in bicycle infrastructures in 

several cities, but there is an absence of official data collected by systematic 

observations to monitor the number of bicycle users or the impact of those 

investments, particularly in Portuguese cities where there is almost no data to rely 

upon. Where there is not a habit to set desired targets to accomplish with an 

investment, it is less probable to have a process or methodology to monitor the 

impact of that investment. To assess the rising of bicycle usage it  is necessary to 

understand which data are available and how they are collected. 

ECF recognizes the challenge of a comparison of cycling levels across European 

countries, due the lack of reliable and updated data at the national level, adding to 

that the fact that national statistics use different data collection, which makes it 

harder to be certain about the cycling record of each country ɉ%ÕÒÏÐÅÁÎ #ÙÃÌÉÓÔÓȭ 

Federation, 2015). 

Making cycling metrics available can inform authorities both for ex-ante and ex-

post analyses and assess the efficiency and effectiveness of interventions. This is an 

important gap to overcome in order to have informed management of urban 

mobility. The level of performance obtained is determinant for the promotion of 

cycling for commuting. Improving cycling infrastructures efficiently favors more 

sustainable cities and improves their quality of life ɀ especially where cycling was 

not an option before. 

This research will focus on utilitarian and commuting cycling and not so much on 

leisure cycling. This option is mainly motivated by the fact that official statistics 

typically account only for commuting, as these are more uniform  across cities and 

countries, and for peak demand, which are more relevant for transport networksȭ 

planning. 

But we should be aware that there are reciprocal effects over time between bicycle 

commuting and cycling for other purposes, as pointed by Kroesen & Handy (2014). 

Stinson & Bhat (2004) note that people who cycle for non-work purposes are more 

experienced and may, therefore, enjoy more comfort in their bicycle commute, but 

those who already cycle for their commute might have less satisfaction from non-

work (e.g. recreational) cycling compared to those who do not cycle to work 

(Kroesen & Handy, 2014). 

 
Figure 2.6 ɀ Reciprocal effects between cycling for commuting and for other purposes.  
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In this sense, any efforts to stimulate cycling for any particular purpose may be 

expected to have effects over other domains, which is something to consider in 

cycling policy evaluation. 

Considering the urban mobility system, it is known that policies to encourage 

cycling are more efficient and provide better results when policies to discourage 

the use of other modes of transport are applied in an articulated and coordinated 

approach. However, and as a matter of focus, this research focuses mainly on 

incentives to bicycle. 

 Discussion of the literature review  and leads for this 2.5.

research  

 Typologies of Cyclists  2.5.1.

Considering population segmentation for cycling, when grouping people with 

common needs, interests, and priorities, is a procedure already in practice in 

cycling plans, which allows for the prioritization of the investments that best fit 

each group according to the general policy objectives for cycling in those plans. In a 

changing and evolutionary context of cycling maturity, promotional campaigns and 

facilities outli ned directly for people who are willing to cycle or cycle more often 

should be a priority when seeking for higher cycling modal shares. Using 

marketing techniques to maximize the benefit of investments, such as cycling 

infrastructures and promotion campaigns, may produce more successful solutions, 

since these investments are targeted for typified groups and therefore, presumably 

more effective. 

From the analysis of 20 reports, papers and bicycle plans and guides, the methods 

to differentiate the cyclist population were compared and communalities, 

advantages, and limitations were found. The previous research concerns the 

identification of segments of non-cyclists, potential-cyclists and regular-cyclists ɀ 

the groups to target policies for in a perspective of cycling for urban mobility 

encouragement. The three clearly defined profiles of bicycle users, wit h self-

explanatory terminologies, unveil a natural segmentation. A simple classification 

method with objective questions is proposed to identify these typologies that fit 

the majority of cycling maturity levels: a rule-based method relying on frequency, 

purpose, and motivation to cycle. 

The following process is a suggestion of a simple rule-based approach to segment 

the population in those three types of cyclists: 

¶ Non-cyclist: someone who did not cycle in the past 12 months and do not 

have a particular interest in doing it for the next 12 months; 

¶ Potential-cyclist: someone who cycled at least once in the past 12 months 

for recreation or commuting and would cycle again if a number of 
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conditions were fulfilled. Or someone who did not cycle in the past 12 

months but is willing to do it; 

¶ Regular-cyclist: someone who cycled in the past month for commuting and 

would cycle again in the next month. 

 

Figure 2.7 outlines the aforementioned rule-based approach by presenting a 

decision tree for population segmentation. It divides those who do not consider 

cycling from those who do not rule out that possibility and thus become potential 

cyclists. It considers that someone who experienced using the bicycle in an urban 

context, either for recreation or for commuting is a potential-cyclist if that 

experience led her to consider cycling again.  

 

Figure 2.7 ɀ Proposed rule -based decision tree for population segmentation into Regular -cyclists, 
Potential -Cyclists, and Non-Cyclists 

4ÈÅ ÔÉÍÅ ÖÁÒÉÁÂÌÅ Ȱρς ÍÏÎÔÈÓȱ ÉÓ ÐÒÅÓÅÎÔÅÄ ÂÙ ÓÔÁÔÉÓÔÉÃÁÌ ÃÏÎÖÅÎÉÅÎÃÅ ÆÏÒ 

monitoring. This time period allows comparisons annually, which would probably 

give other results due to the seasonality inherent to cycling. The suggested 

methodology does not derive from an empirical observation; it arises from an 
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analysis of the limitations, advantages and communalities of several methods 

listed. 

For an efficient planning practice strategy, the adoption of targeted strategies for 

different groups of the population should result in expected shifts between groups 

at each stage of maturity of the cycling environment. Those investments (for 

instance, promotion of infrastructure) target for different segments may co-occur 

for the same stage of cycling maturity. Shifting people from the non-cyclists group 

and from the potential-cyclists to regular-cyclists should be the common aim of 

cycling planning practice, by influencing travel behavior and inducing changes in 

the short up to the longer term. But the opposite shifting may also occur: a regular-

cyclist may become a potential-cyclist, or even a non-cyclist, if the conditions and 

motivations that make this person cycling change significantly. To create targeted 

policies that are effective in increasing cycling, it is critical to understand personal 

motivations and fears of people in these three groups within the context of change 

and evolution ɀ dividing cyclists into groups rather than analyzing them as a whole 

population has been proven to give better, more nuanced results (Damant-Sirois & 

El-Geneidy, 2015; Kroesen & Handy, 2014). The proportion of people who fall into 

each of these three categories varies depending on whether they live in a low 

cycling maturity city or a high cycling maturity city. 

 0ÒÏÐÏÓÁÌ ÏÆ Á ȰÃÙÃÌÉÎÇ ÂÅÈÁÖÉÏÒÁÌ ÃÈÁÎÇÅ ÃÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌȱ  2.5.2.

The framework of this research is the behavioral change towards cycling. 

Conventional analysis of travel behavior is often based on utility theory,  assuming 

people decide on the best available mode of travel considering cost, time, and 

effort. However, these analyses fail to explain why individuals in similar situations 

with corresponding socio-economic characteristics make different decisions about 

whether to cycle or not (Heinen et al., 2011). 

Based on the previous literature review, the present thesis ÐÒÏÐÏÓÅÓ Á Ȱcycling 

behavioral change conceptual modelȱȢ 4ÈÉÓ ÉÓ based on behavioral change 

literature,  travel decision theories, theories of planned behavior and social 

learning (Ajzen, 1985; Bandura, 1971, 1977; Ben-Akiva & Lerman, 1985; Singleton, 

2013), which set the underlying framework for qualitative and quantitative 

research. 

The overall underlying assumption is that the factors that prevent people from 

cycling are caused by a combination of personal and external factors, which 

together constitute the perceived barriers to cycling and influence the expectations 

of potential regular cyclists. Some of these factors are subjective, and others are 

objective. Some of the objective factors ɀ e.g., distance or slope ɀ may be perceived 

differently among potential cyclists, and may present a strong or an irrelevant 

barrier to cycling. These vary over time and can potentially lead to a behavioral 

change towards adopting cycling. Figure 2.8 illustrates this conceptual model, 
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ÓÐÌÉÔÔÉÎÇ ÔÈÅ ÁÎÁÌÙÓÉÓ ÉÎÔÏ Ȱ"ÅÆÏÒÅȱ ÁÎÄ Ȱ!ÆÔÅÒȱ Á ÃÈÁÎÇÅ ÉÎ ÔÒÁÖÅÌ ÂÅÈÁÖÉor: whether 

people become cyclists or not. 

Another assumption is that the paradigm shift reflects the behavioral change, 

where perceived barriers are outweighed by perceived benefits (Kahneman & 

Tversky, 1979), and motivators and the ensuing expectations lead to real outcomes 

(effective results). The influence of personal or external factors on decisions to 

cycle more frequently may change over time, especially if the influence of acquired 

experience is also factored in (refer to the dashed arrows at the bottom of the 

diagram). 

 

Figure 2.8 ɀ Cycling behavioral change conceptual model  

Although represented by a (dashed) line, the behavior change should be regarded 

as a transitional process, rather than an instant moment or a single event of 

change.  

Prochaska & Di Clementi theory of Stages of Change (1986; 1997) suggests 

conceptualizing modal change as a transition through different stages. If modal 

change is considered a transition through different stages, more flexibility is given, 

allowing to match policies and initiatives  to particular stages of change of travel 

behavior. The model recognizes that different people will be in different stages of 

cycling behavior and that appropriate interventions can be developed for each 

stage.  

This theory (TTM) has been widely used to explore the motivations to change for 

cycling by various authors (Crawford, Mutrie, & Hanlon, 2001; Gatersleben & 

Appleton, 2007; Gatersleben & Haddad, 2010; Lois, Moriano, & Rondinella, 2015; 

Nkurunziza, Zuidgeest, Brussel, & Van Maarseveen, 2012; Nkurunziza, Zuidgeest, & 
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Van Maarseveen, 2012; Shannon et al., 2006; Thigpen, Driller, & Handy, 2015; Van 

Bekkum, Williams, & Morris, 2011). 

Adopting the Stages of Change, Gatersleben & Appleton (2007) showed that as 

people progress from Pre-contemplation to Action, their attitudes towards cycling 

become more positive and their perceptions of various personal and external 

barriers change. Van Bekkum et al. (2011) also found that individuals at earlier 

stages of change perceive greater barriers to cycle than the ones at later stages. 

This suggest that implementing policies or measures outlined for people with 

fewer barriers may be more efficient to lead to a change in behavior, and would 

move people towards the Contemplation or Preparation Stages ɀ closer to Action.  

According to the bicycle use and the motivation and interest in use it in the next 

near future, Shannon et al. (2006) considered the first five Stages of Change, tough 

combining them in three stages (Pre-contemplation; Contemplation; Action/  

Maintenance). Van Bekkum et al. (2011) and Crawford et al. (2001) defined the 

time periods to be considered in a Stage, like six months. Nevertheless, none of 

those studies considered the Relapse stage. Based on previous literature, and 

adding a quitter type, we may postulate a correspondence between the Stages of 

Change and the previously defined types of cyclists as: 

1. Pre-contemplation: Non-cyclist  ɀ Not intention to start cycling in the next 

near future; 

2. Contemplation: Potential cyclist  ɀ Thinking about starting to cycle in the 

next future; 

3. Preparation: between the Potential cyclist and the Cyclist ɀ Infrequently  

bicycle; 

4. Action and Maintenance: Cyclist ɀ Started regularly to bicycle or has been 

regularly cycling for at least three months; 

5. Relapse: Quitter  ɀ Was a regular cyclist but stopped cycling and has no 

intention to bicycle in the next future. 

Table 2.4 ÓÕÍÍÁÒÉÚÅÓ ÔÈÅ ÃÏÒÒÅÓÐÏÎÄÅÎÃÅ ÏÆ ÔÈÅ 0ÒÏÃÈÁÓËÁȭÓ 3ÔÁÇÅÓ ÏÆ #ÈÁÎÇÅȟ 

×ÉÔÈ ÔÈÅ ÏÔÈÅÒ ÁÕÔÈÏÒÓȭ ÒÕÌÅs for the definition of the population of non-cyclists, 

potential-cyclists and cyclists. An attempt was made to fit the previously defined 

types of cyclists, based on the rules set by the other authors, and adding the 

relapse stage. Figure 2.9 provides a clearer picture of the Stages of Change adapted 

to taking up cycling, considering the five original Stages plus the Relapse stage. The 

typologies of cyclists fit this way in this theory.  
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Table 2.4 ɀ Summary of the adoption of The Stages of Change by various authors.  

Prochaksta 
(1986)  

Van Bekkum (2011), Crawford (2001) , 
Félix (2017) , Nkurunziza (2012)  

Shannon (2006)  Three  types + 
quitter  

Pre-
contemplation 

Not intention to start cycle commuting in the next 
six months 

Pre-
contemplation 

Non-Cyclist 

Contemplation Thinking about starting to cycle commute in the 
next six months 

Contemplation Potential Cyclist 

Preparation Infrequently cycle commuting (no more than once a 
week) 

Contemplation Potential Cyclist 
or Cyclist  

Action Started regularly cycle commuting in the last six 
months 

Action / 
Maintenance 

Regular Cyclist 

Maintenance Has been regularly cycle commuting for at least six 
months 

Action / 
Maintenance 

Regular Cyclist 

Relapse Was a regularly cycle commuter but stop cycling 
and has no intention to cycle in the next 6 months 

 Quitter 

 

 

 

Figure 2.9 ɀ The Stages of Change, adapted to taking up cycling. 

In cases where travel market segmentation is applied to examine the potential for 

modal change, the segmentation process is often based on general socio-

demographics such as age, gender, vehicle ownership, or used travel mode. With 

this approach, these segments are not necessarily homogeneous in terms of 

attitudes and motivations towards a behavior change.  

Assuming that individuals have motivations to change behavior directly 

proportional to how Ȱcloseȱ they are to becoming cyclists, it can be said that the 

ones with less motivation are at an early stage of change, and the ones with higher 

motivations position themselves at a more advanced stage in the process of 

transition to change to cycling. Attribu ting weightings to the barriers and 

motivators according to whether an individual is closer to changing habits or not, 

according to the experience she has, according to her self-efficacy, and to her 

beliefs would provide a consistent result of priorities of policies and measures to 

adopt that foster cycling, based on the existing theories. 

Understanding the circumstances of change for the population of cyclists in the 

past, and the current attitudes of non-cyclists toward cycling may help to predict 
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the circumstances of change for non-cyclists. The challenge is to measure and 

model the key factors that lead to a change in travel behavior towards cycling, as 

well as to identify the perceived barriers towards, and expectations for, cycling. 

Modeling can help to unravel the underlying combination of causes that may be 

further extrapolated or transferred to other cycling environments, and thus 

support the planning and design of pro-cycling policies and actions. 

 Modeling the cycling behavior change  2.5.3.

Much of the available literature on travel behavior change deals with modal choice 

modeling. Regarding change to cycling, Heinen et al. reviewed the main models 

related to bicycle commuting, from 1996 to 2008 (Heinen et al., 2010), which 

consisted of a starting point for the research for this section. During that period, 

various authors focused on evaluating barriers to bicycle, bicycle route choice, 

willingness to reduce car usage, bicycle collisions, cycling share, and mode choice, 

sometimes related to land-use. Some used more sophisticated methods of analysis 

with various types of models, such as Structural Equation Modeling, binomial and 

multinomial logit models, nested dichotomous logistic analysis, spatial analysis, 

and other regressions; while other presented theoretical or rather simplistic mode 

choices models, using descriptive statistics, ANOVA and chi-square tests. 

Two more recent studies stand out for having used the Transtheoretical Model of 

Behavior Change (TTM) or the Stages of Change Model (Prochaska & Diclemente, 

1983; Prochaska & DiClemente, 1984), to model the propensity to bicycle, in a 

transition process of change, or the TTM stage membership. 

Thigpen and colleagues (Thigpen et al., 2015), used a Bayesian multilevel ordinal 

logistic regression model to test the associations between TTM stage membership 

and the explanatory variables as personal characteristics, travel attributes, bicycle 

barriers and travel attitudes, using data from a campus travel survey in Davis, 

California. The results suggested that both attitudes toward travel modes and 

perceived barriers to cycling play an important role in differentiating the stages of 

change membership, yet leaving the travel attributes and personal characteristics 

as significant predictors.  

In Daar-es-Salaam, Tanzania, a city with an estimated 5% cycling modal share and 

no cycling infrastructure, Nkurunziza and colleagues (Nkurunziza, Zuidgeest, 

Brussel, et al., 2012) used sociodemographic variables, attitudes towards cycling 

ÁÎÄ ÖÅÈÉÃÌÅ Ï×ÎÅÒÓÈÉÐ ÔÏ ÓÅÇÍÅÎÔ ÓÕÒÖÅÙ ÒÅÓÐÏÎÄÅÎÔÓȭ ÉÎto different Stages of 

#ÈÁÎÇÅ ɉÉÎÃÌÕÄÉÎÇ Ȱ2ÅÌÁÐÓÅȱɊȢ The authors used a series of binary logistic 

regression models, one for each sequential Stage pair, to understand the 

relationship between stage membership and barriers, motivations, and policies 

interventions that could encourage bicycling, and their impact on the likelihood to 

changing from one stage of cycling behavior to the next. This approach allowed the 
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authors to evaluate whether individuals in certain Stages of Change are more or 

less responsive to specific interventions.  

&ÒÏÍ Á ÓÕÒÖÅÙ ÌÁÕÎÃÈÅÄ ÄÕÒÉÎÇ Á Ȱ"ÉËÅ ÔÏ 7ÏÒÄ $ÁÙȱ ÉÎÉÔÉÁÔÉÖÅ ÉÎ $ÅÎÖÅÒȟ 

Colorado, Piatkowski & Marshall (2015) used a binary logistic regression to assess 

which ÆÁÃÔÏÒÓ ÉÍÐÁÃÔ ÁÎ ÉÎÄÉÖÉÄÕÁÌȭÓ ÐÒÏÂÁÂÉÌÉÔÙ ÏÆ ÍÏÖÉÎÇ ÆÒÏÍ a stage where one 

could but chooses not to bicycle to work, or to bicycle more frequently. Then, the 

same authors applied an ordered logistic regression to assess what factors impact 

ÁÎ ÅØÉÓÔÉÎÇ ÂÉÃÙÃÌÅ ÃÏÍÍÕÔÅÒȭÓ ÐÒÏÂÁÂÉÌÉÔÙ ÏÆ cycling to work more frequently. The 

authors demonstrated that there are important distinctions between the decision 

to start commuting by bicycle and the decision to increase the frequency of 

bicycling to work. 

When considering the behavior change for cycling as progressive transition 

process between Stages of Change, the literature review inspired the adoption of 

the binary logit models to assess the factors that are more likely to define the 

belongingness to each stage of change, and thus learn from these factors and stages 

and reflect how policies and interventions could be outlined in order to rise cycling 

levels in LCM cities. 

From the ÐÒÁÃÔÉÔÉÏÎÅÒȭÓ ÕÒÂÁÎ ÐÌÁÎÎÅÒȭÓ ÏÒ ÅÎÇÉÎÅÅÒȭÓ ÐÏÉÎÔ ÏÆ ÖÉÅ×ȟ ÌÏÏËÉÎÇ ÁÔ 

Figure 2.8, the ambition is that the individual personality traits became irrelevant 

on the model, the social sciences can work on the social and psychological factors, 

and the practitioners can focus on built environment and built interventions, 

regulation, and programs. 

 

 



Rosa Félix 

47 

3. Research approach and case 

study  
In order to answer the research questions presented in the beginning of this thesis, 

qualitative and quantitative methods were applied. A methodology and activities 

are outlined for each task of the research, as well as the expected outputs. The case 

study is presented, as well as the survey description. 

 Work plan and methods  3.1.

This research was developed in four tasks, as described in section 1.2.  

In task  A, a literature  review and a comparison of studies that set cyclist typologies 

and their  corresponding categorization methods was made in order to analyze the 

limitations, advantages and common concerns of previous research, and draw a 

rule-based model to identify and segment the population in groups of regular 

cyclists, potential cyclists and non-cyclists. This task aims to answer Q1. The data 

resources include: twenty studies that include research papers, reports, and 

cycling plans and guides. 

Task B is the most extensive process and involved mostly quantitative methods. A 

survey was designed and launched in an LCM city (case-study), with separated 

questions for cyclists and non-cyclists. The aim of this survey was to collect 

information  on individual and social-background, housing characteristics, travel 

behavior, and attitudes towards cycling. Participants are asked separated 

questions about their rationale for cycling (or not), stated preferences questions 

about barriers, motivators and triggers for cycling, conducted in different ways for 

non-cyclists and cyclists. This data was used in several activities of this thesis 

research. 

A segmentation of cyclists was performed according to the previously established 

model, in order to compare the triggers and motivators between cyclists and non-

cyclists with the same background, looking upon similarities and differences, as 

schematized on Figure 3.1.  
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Figure 3.1 ɀ Schematic proposed analysis to compare  the barriers, motivators and triggers to cycling 
between non -cyclists and cyclists.  

To compare the barriers of non-cyclists with their motivators, the questions asked 

and presented option choices were mostly the same, but with slight differences 

mainly at the verb temporal form level. The same was true to compare barriers 

that actual cyclists had before taking up cycling with the triggers that led them to 

bicycle, and also to be possible to compare the barriers and motivators and 

triggers of both groups. For instance, an option related to bicycle owning was 

ÐÈÒÁÓÅÄ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÆÏÒÍÓȡ Ȱ) ÄÏÎȭÔ ÈÁÖÅ Á ÂÉÃÙÃÌÅȱȟ Ȱ) ÄÉÄÎȭÔ ÈÁÖÅ Á ÂÉÃÙÃÌÅȱȟ Ȱto 

have Á ÂÉÃÙÃÌÅȱȟ Ȱ) ÇÏÔ Á ÂÉÃÙÃÌÅȱȢ The conversion tables between actual barriers, 

previous barriers, motivators and triggers can be found in Table B.2 and Table B.3, 

in the supporting materials. This method allowed comparing barriers with 

motivators and triggers. 

In order to establish a relationship between the ÃÙÃÌÉÓÔÓȭ triggers and time of 

shifting to cycling, cyclists were grouped by time of change. Turning points in 

history were identified from a content analysis, to understand when the cycling 

investments, promotion initiatives and other factors that had impact on cycling on 

the case study took place. This analysis required information  from the literature  

(plans, reports, media) and interviews. Task B aims to answer Q2 and supporting 

questions of Q3. 

In task  C, sub-groups of potential cyclists were segmented, identified and 

characterized, recurring to data from the applied survey: their sociodemographic 

variables and willingness to change to bicycle. A set of binary logit models were 

preformed using statistic computational software to assess the motivators and 
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triggers to bicycle that better predict the belongingness to the transitionary stages 

of change towards cycling.  

Task D becomes relevant if the identified barriers and motivators to cycling in the 

LCM case-study city are specially related with safety perceptions, lack of cycling 

infrastructure and facilities, and bicycle or e-bicycle ownership. The changes in the 

build environment ɀ with  the expansion of a segregated cycling network ɀ, and the 

implementation of an electric bike-sharing system in the LCM case-study city were 

an opportunity to assess the impact of these interventions in cycling adoption, as 

suggested by the literature. The data resources for this task were: manual counts 

of cyclists in Lisbon center, before and after the interventions; research articles on 

build environment changes and impacts in cycling. 

The objectives of each task can be shortened as:  

A) Identification of potential cyclists; 

B) Exploration of barriers and motivators to bicycle; 

C) Segmentation and characterization of sub-groups of potential cyclists and 

modeling their motivations to bicycle in transitional stages of change 

towards cycling; 

D) Assessment of the impact of bicycle infrastructure and equipment on 

cycling levels of a low cycling maturity city. 

 

 Research methodology  3.1.1.

The research questions rose in the introductory chapter  of this thesis are linked 

with the different four  research tasks above mentioned. The research questions, as 

recalled, are: 

¶ Q1. How are potential cyclists defined and identified? 

¶ Q2. How far do perceived barriers for non-cyclists condition their 

motivation to bicycle? 

¶ Q3. What triggers non-cyclists to take up cycling in a city with little cycling 

infrastructure and facilities? 

Due to considerable differences in the methods used, the research tasks are 

structured into different chapters. Table 3.1 and Table 3.2 relate the described 

tasks to the research questions and supporting questions, and the chapters of this 

thesis where they are addressed. The literature review and methodological 

approach chapters contribute to all the research questions. 
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Table 3.1 ɀ Distribution of the research questions and supporting questions by task and by thesis 
chapters.  

Task Short description  
Research 
questions  

Supporting 
questions  

Chapter or 
sub-section  

A Identification of potential cyclists Q1  2.1 
B Barriers and motivators to bicycle Q2 and Q3 Q2.1., Q2.2, Q2.3, 

Q3.1, and Q3.2 
4 

C Sub-groups of potential cyclists and 
their motivations to bicycle 

Q3 Q3.3 5 

D Impact of infrastructure  and equipment 
on the bicycle use of an LCM city 

Q3 Q3.4 6 

 

Table 3.2 ɀ Dissertation map: distribution of each chapter or sub -section by research question and 
tasks. 

 Q1 Q2 Q3 

Literature review 2 

Task A 2.1  

Methodological approach 3 

Task B  4 

Task C  5 

Task D  6 

 

Table 3.3 presents a detailed summary of the methodology, organizing the 

questions aimed to answer, the described tasks, the used methods in each task and 

each activity, along with their expected outputs. Some of the outputs were then 

used for other activities of the research. 
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Table 3.3 ɀ Research methodology for each task and activity  

Task 
and 

Activity  
Questions  Methodology  Analysis  Data sources Outputs  

Task A, 
1 

Q1. 
 

Literature  review 
Summary of typologies of cyclists 

Qualitative Literature: research 
papers, reports, and 
cycling plans and guides  

Rule-based model to identify the potential 
cyclists group 

Task B, 
Task C, 

2 

Q2, Q3 Survey design 
Data collection  

Quantitative Survey to cyclists and non-
cyclists in an LCM city 
(Survey) 

Data 

3 Q2.1 Comparison of the barriers and motivators 
to bicycle within  non-cyclists 

Qualitative and 
quantitative 

Survey Barriers and motivators for cycling for 
non-cyclists 

4 Q2.2 Comparison of the barriers and triggers to 
bicycle within cyclists 

Qualitative and 
quantitative 

Survey Previous barriers and triggers for cycling 
for cyclists  

5 Q2.3 Comparison of the barriers between non-
cyclists and cyclists 

Quantitative Survey Comparison of the barriers between non-
cyclists and cyclists with the same spatial 
background 

6 Q3.1 Comparison of the triggers and motivators 
between cyclists and non-cyclists 

Quantitative Survey Comparison of the triggers and 
motivators between cyclists and non-
cyclists with the same spatial background 

7 Q3.2 Grouping triggers for cycling by time of the 
modal shift 

Quantitative Survey Time of the shift to cycling and relation 
with triggers among the cyclists  

8 Q3.2 Content analysis to understand the history 
of cycling investments, promotion 
initiatives , and other factors that can 
impact cycling levels in a city  

Qualitative  Literature: plans, reports, 
media 
Interviews 

Identification of the turning points in 
history of policies and actions and the 
relationship with output from activity 7  

Task C, 
 9 

Q1.1 Segmentation of potential cyclists 
according to willingness to bicycle  

Quantitative Survey Sub-groups of potential cyclists  

10 Q3.3 Modeling the self-assessment of propensity 
to bicycle 

Quantitative Survey Set of binary logit models results and a 
relationship between the types of 
motivators and the transition process 
towards cycling 

Task D,  
11 

Q3.4 Data collection and quantitative assessment 
on impact of the expansion of a segregated 
cycling network and a bike-sharing system 
on the rising of cycling adoption on this 
kind of cities 

Quantitative Data from manual counts 
from Lisbon center 
Literature review: 
research papers 

)ÍÐÁÃÔ ȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓ ÆÏÒ ÂÉÃÙÃÌÅ 
promotion in cycling adoption in an LCM 
city 
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 Case Study 3.2.

Lisbon was chosen as the case study of a city with low cycling maturity (LCM) for 

the research project, where data availability and the possibility of useful data 

collection were determinants for this selection. 

Lisbon is the Portuguese capital, with about 506.000 inhabitants4 and an area of 

100 km2, although an estimated 2.8 million people live in the Lisbon Metropolitan 

Area (LMA), corresponding to about 27% of the population living in Portugal. 

From the LMA, a significant share (nearly 30%) commutes to the capital city daily.  

Regarding cycling modal share, Census 2001 data did not distinguish motorcycle 

and bicycle mode, and this grouped modal share was 3.3% for Lisbon. This LCM 

city had a cycling modal share of 0.2% in 2011 (INE, 2011) (Figure 3.2), far below 

the EU average of 8% (European Commission, 2014). The 2017 National Mobility 

Survey (INE, 2018) estimated a 0.6% of daily trips made by bicycle in Lisbon.  

Also, Lisbon is a city with a very high traffic volume, both in intra-municipal trips 

and from the periphery to the municipality. There is an estimation that 370.000 car 

vehicles enter the city of Lisbon every day, mostly from LMA (Ferreira, 2016). 

 

Figure 3.2 ɀ Lisbon modal share. Data from Census 2011 (In stituto Nacional de Estatística, 2011) . 

The city is characterized by an irregular orography, with a historical center that 

includes the "seven hills" (with 110  m of maximum elevation), a plateau area in the 

Centre-North of the city, a Monsanto forest in the West side with 228 m of 

elevation peak, and a riverside area with 18 km of extension along the Tagus River. 

Lisbon is part of a group of cities with the following characteristics: low cycling 

maturity, hilly city, western culture5, and with  mild weather. 

,ÉÓÂÏÎȭÓ ÈÉÌÌÓȟ ÔÈÅ ÖÁÒÉÏÕÓ ÔÙÐÅÓ ÏÆ ÐÁÖÅÍÅÎÔ ÁÎÄ the presence of tram rails, the 

behavior of car drivers associated with the sense of unsafe circulation, and the 

                                                        
4 By 2017. 
5 Europe, North America, Australia and OECD member countries 
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inexistence of bicycle facilities to cycle or to safely store the bike, may influence the 

low rates of cycling. Nevertheless, 54% of the streets are almost flat (< 3% slope), 

and 75% of the roads are below a 5% grade, good enough for cycling (see Figure 

3.3). The city offers a highly fragmented bicycle network and a lack of places to 

safely store or lock a bike (Moura, Magalhães, & Santos, 2017). 

 

Figure 3.3 ɀ Orography  of streets of  Lisbon (Félix, 2012) . Stamen Toner Lite basemap. 

Although there was no official data for a systematic observation and monitoring of 

the number of bicycle users in Lisbon prior to 2016, there was an investment in 

cycling infrastructures in several urban centers in the last decade, due to the 

perception that local actors have regarding the increase in the use of active modes 

of transport by the population. However, the planning of these infrastructures is 

not based on objective data of their users and potential users, which would provide 

better support for decision making at the municipal level, regarding investments in 

expansion and improvement of cycling infrastructures and respective support 

equipment/facilities.  

Municipal i nvestments for cycling  

The Lisbon cycling network was partly driven by a national strategic reference 

framework funding program in 2008. The program required a 5% target of the 

cycling modal share in Lisbon, by ςπρσȢ 4ÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÄÅÃÉÄÅÄ ÔÏ ÉÎÖÅÓÔ υ -Ό ÉÎ 

2008 for the promotion of the bicycle as a mode of transport, foreseeing the 
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construction of 44km of bicycle paths and the recovery of existing ones (RCR, 

2008). It also installed 40 new parking facilities, with capacity for more than 300 

bicycles.  

On several editions of the municipal participatory budget program, namely 

between 2008 and 2014, the citizens voted for proposals related to bicycle 

infrastructure and equipment to be implemented in Lisbon. Table 3.4 provides an 

overview of the winning proposals and its corresponding budget, totaling an 

investment of 6Ȣφ -Ό in six years. 

Table 3.4 ɀ Winning  proposals in th e Lisbon Participatory Budget, related to bicycle infrastructure 6 

Year Winning  proposal  Budget 
2008 Implementation of segregated bicycle infrastructure (several sections) Ό ςȢφψπȢρχφ 

2008 
Bicycle accessibility: intervention in streets to improve bicycle 
accessibility/mobility  

Ό υππȢπππ 

2008 Green corridor  connection: Parque Eduardo VII ɀ Monsanto Ό ρȢπππȢπππ 
2009 Widening of the BUS lanes, allowing the circulation of bicycles Ό χππȢπππ 
2011 Alameda da Cidade Universitária: bicycle path and lawn Ό 800.000 

2013 
Installation of support equipment for the transport of bicycles on the 
Lisbon stairs 

Ό 150.000 

2014 
Expansion and connectivity of the cycling network to all buildings and 
areas of the University of Lisbon 

Ό υππȢπππ 

2014 
Bicycle mobility on the axis Av. Almirante Reis / Av. Guerra Junqueiro / 
Av. de Roma 

Ό ρυπȢπππ 

2014 
Bicycle connection between the axis Av. Almirante Reis/Av. Guerra 
Junqueiro/Av. Roma and the axis Av. da República/Av. Fontes Pereira de 
Melo/Av. da Liberdade 

Ό ρυπȢπππ 

 Total  Ό φȢφσπȢρχφ 

The Lisbon cycling community recognized forms of direct participation and used 

them, coming together to draw up and approve the proposals that have ultimately 

won. Nevertheless, the community of bicycle users did not gather to make efforts 

to support more bicycle-related proposals since 2014, suggesting a demotivation 

×ÉÔÈ ÔÈÅ ÐÒÏÃÅÓÓ ÏÒ Á ÓÌÏ×ÄÏ×Î ÏÆ ÔÈÅ ÁÄÖÏÃÁÃÙ ÇÒÏÕÐÓȭ ÅÎÇÁÇÅÍÅÎÔȢ )Î ÔÈÅ ÓÏÃÉÁÌ 

ÎÅÔ×ÏÒËÓȟ Á &ÁÃÅÂÏÏË ÇÒÏÕÐ Ȱ-ÁÓÓÁ #ÒþÔÉÃÁ ,ÉÓÂÏÁȱ ×ÁÓ ÃÒÅÁÔÅÄ ÉÎ ςππω ÁÓ Á 

virtual extension of the monthly activist bicycle ride in the city, that gather a part 

ÏÆ ÔÈÅ ÃÙÃÌÉÓÔȭÓ ÃÏÍÍÕÎÉÔÙ ÓÉÎÃÅ ςππσȢ 4ÈÉÓ ÖÉÒÔÕÁÌ ÇÒÏÕÐ ÈÁÄ ρȢφυφ ÍÅÍÂÅÒÓ ÂÙ 

December 2011, 3.302 members in August 2012, reaching 9.100 in December 

2018. Although these facts refer to only a part of the ÉÎÆÏÒÍÁÌ ÁÄÖÏÃÁÃÙ ÇÒÏÕÐÓȭ 

activity, there was a growing trend in the Lisbon cycling community, which then 

slowed down. Even though there is no data to support such statement, the formal 

bicycle advocacy organizations also increased their memberships, and played an 

important role  in advocating for cycling infrastructure, cyclistsȭ rights in the road 

code legislation, educational programs, and other bicycle promotion initiatives. 

The three most relevant ones that are active in Lisbon are: FPCUB ɀ Federação 

Portuguesa de Cicloturismo e Utilizadores de Bicicleta (member of ECF), MUBi ɀ 

                                                        
6 Sources: CML (2009, 2010, 2018). 
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Associação pela Mobilidade Urbana em Bicicleta (member of ECF), and FPC ɀ 

Federação Portuguesa de Ciclismo (member of UCI7). 

Regarding the political commitment to cycling in Lisbon, since 2007, all programs 

for the municipal elections, for all the major political parties or coalitions, include 

measures to encourage cycling, which is a good indicator of awareness of cycling 

mobility issues. 

In September of 2010, the city announced a ÐÒÏÇÒÁÍ ɉȰ,ÉÓÂÏÁ #ÉÃÌÜÖÅÌȱɊȟ ×ÈÉÃÈ 

foresaw the expansion of the cycling network to a total of 80 km, the adaptation of 

neighborhoods for traffic calming, and the introduction of a shared-use bicycle 

system during 2011 (Pereira, 2010). But by 2008, the city had already announced a 

bike-sharing system with 2500 bicycles to be implemented in two phases, one in 

2009 and another in 2012 (RCR, 2008), being a pioneer project among other 

European cities. None of these attempts of a bike-sharing program was actually 

implemented. 

In any case, the city was being adapted to the timid growth of bicycle users, and the 

ÐÕÂÌÉÃ ÉÎÓÔÉÔÕÔÉÏÎÓ ÔÏ ÔÈÅ ÃÙÃÌÉÓÔÓȭ ÃÌÁÉÍÓȢ 4ÈÅ ÐÕÂÌÉÃ ÔÒÁÎÓÉÔ ɀ urban and suburban 

trains, ferries, buses and metro ɀ allowed the transport of bicycles, in somewhat 

restricted quantities and schedules, for some operators. The number of bicycle 

shops or small repair shops has also increased. Today, most high schools and 

universities already have bicycle parking facilities, which was not common before 

2008. Some tentative bicycle promotion campaigns were made during the period 

of 2008-ςπρςȟ ÓÕÃÈ ÁÓ ÔÈÅ Ȱ"ÉËÅ-to-Work Dayȱȟ and the European mobility week, 

among others. 

The number of cyclists has been visibly increasing in recent years, as the results 

from the national mobility survey suggest (0.6% in 2017), although we cannot 

compare this number with the census 2011 number, due to differences in the data 

collection methodology. Nevertheless, this growth of bicycle use can be clearly 

assigned to those who live or work in the city. Part of this growth (Figure 3.4) was 

due to municipal investments in cycling infrastructures (mainly in 2008-2009), 

namely the cycling network with about 60 km, although highly fragmented ɀ in 

fact, its design and planning aimed sport and leisure trips and not utilitarian ɀ, and 

parking areas for bicycles, as stated before. 

                                                        
7 Union Cycliste Internationale. 
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Figure 3.4 ɀ Growth of commuting cyclists in Lisbon (data from a survey in 2012 , in the absence of 
offi cial data ). 

In 2016, the Portuguese government launched U-Bike, a nationwide program that 

aimed to encourage university students, faculties, and staff to switch to cycling, by 

providing a long-term rental program of conventional or electric-assisted bicycles 

(e-bikes), funded by the European Union's framework H2020. It also comprises 

other initiatives to facilitate cycling in the universities, including bike parking, 

showers, and training programs. In Lisbon, three institutions applied to the 

program, with 440 bicycles for 33.756 students, faculty, and staff (i.e., 1.30 

bikes/100people), that would begin in 2018. 

,ÉÓÂÏÎȭÓ #ÅÎÔÒÁÌ "ÕÓÉÎÅÓÓ $ÉÓÔÒÉÃÔ ɉ#"$Ɋ ÂÅÇÁÎ Á ÍÁÊÏÒ ÕÒÂÁÎ ÁÎÄ ÍÏÂÉÌÉÔÙ 

transformation in 2016, with road dieting measures to reduce main avenuesȭ ÃÁÒ 

capacity and driving speeds. Since 2017, recent municipal improvements included: 

¶ The expansion and completion of a more comprehensive, connected, and 

commuting-oriented bicycle network, with 100 km of dedicated cycling 

infrastructure; and 

¶ A bike-sharing system of 1.400 bicycles, with 70% of the fleet as e-bikes 

(pedelec), covering mainly the central business areas and the waterfront. 

Its recent municipal cycling improvements may influence bicycle adoption among 

the potential cyclists and are an opportunity to use as a case study. The evolution 

of the cycling infrastructure network may be seen in Figure D.1 and Figure D.2 

(Supporting materials). City efforts are being made for the cycling infrastructure to 

reach 200 km in 2021 (Figure D.3).  

Housing in Lisbon 

Housing in Lisbon is not homogeneous. In the city center, buildings tend to be 

smaller and lower, have old infrastructures without lifts, and with 3 to 5 floors. 

Buildings are taller and more recent, as we move towards the city outskirts, and 

they tend to have lifts, private parking, and storerooms. This multi-family housing 

construction in the city suburbs is an unusual situation when compared with other 

European or North-American cities (Soares, 2003). 
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!ÌÔÈÏÕÇÈ ,ÉÓÂÏÎȭs housing is not homogeneous, in some districts  it may be difficult 

or not practical to store a bicycle at home. Furthermore, it is unusual to see 

bicycles parked outdoors at night due to the risk of theft, in contrast to cities with a 

higher bicycle modal share (Pucher & Buehler, 2008), even though being a 

relatively safe city8. 

The cycling promotion initiatives in Lisbon should not ignore the housing 

characteristics, which may deter people from cycling, regarding the lack of room to 

store a bicycle at home or the easiness of doing it so in an old building. 

 Survey 3.3.

Generally applicable for any city, regardless of cycling maturity level, a survey was 

written to cover ÒÅÓÐÏÎÄÅÎÔÓȭ ÃÕÒÒÅÎÔ ÍÏÂÉÌÉÔÙ ÐÁÔÔÅÒÎÓȠ ÁÔÔÉÔÕÄÅÓ ÔÏwards urban 

cycling; personality traits and willingness to change behavior; and finally, socio-

demographics and housing. All questions were closed-ended, except from a final 

one.  

 Questions and methods  3.3.1.

Participants were ÃÁÔÅÇÏÒÉÚÅÄ ÁÓ Ȱ#ÙÃÌÉÓÔÓȱ ÁÎÄ ȰNon-cyclists," based on self-

identified criteria , adopting the Stages of Change (Prochaska & DiClemente, 1984), 

and considering their mode of transportation, as follows: 

¶ Cyclistȡ ÉÆ ÔÈÅ ÒÅÓÐÏÎÄÅÎÔ ÁÎÓ×ÅÒÅÄ Ȱ) ÔÒÁÖÅÌ ÂÙ ÂÉËÅ ÁÌÍÏÓÔ ÁÌ×ÁÙÓȱ Ⱦ Ȱ) 

sometimes ÂÉËÅȱ ÁÎÄ ÃÈÏÓÅ "ÉÃÙÃÌÅ ÁÓ ÔÒÁÖÅÌ ÍÏÄÅȠ 

¶ Non-cyclistȡ ÉÆ ÔÈÅ ÒÅÓÐÏÎÄÅÎÔ ÁÎÓ×ÅÒÅÄ Ȱ) ÄÏ ÎÏÔ ÒÉÄÅ Á ÂÉËÅ, but I am 

ÉÎÔÅÒÅÓÔÅÄ ÉÎ ÄÏÉÎÇ ÉÔȱ Ⱦ ȰI am not interested, and I will not be in the next 

ÆÅ× ÙÅÁÒÓȱ ÏÒ ÄÉÄ ÎÏÔ ÃÈÏose Bicycle as travel mode; 

¶ Quitter : If the respondent formerly bicycled in Lisbon on a regular basis 

and then stopped, not temporarily. 

Participants were required to fill different sets of questions based on their 

assigned category. The survey asked Cyclists to recall their past experiences when 

they took up cycling, and Non-Cyclists to respond based on their current 

experience. Concerning attitudes, participants were asked to select the factors that 

influenced their behavior, from a list that contained about 40 suggested options 

(see Supporting materials A), as follows: 

¶ Non-#ÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓȡ ÒÅÁÓÏÎÓ ×ÈÙ ÔÈÅÙ ÄÏ ÎÏÔ ÒÉÄÅ Á ÂÉÃÙÃÌÅ ÍÏÒÅ ÏÆÔÅÎ ÏÒ 

at all; 

¶ Non-#ÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȡ ×ÈÁÔ ÃÏÕÌÄ ÅÎÃÏÕÒÁÇÅ ÔÈÅÍ ÔÏ ÂÉÃÙÃÌÅȠ 

                                                        
8 The Mercer ranking puts Lisbon in 37th place of the safest cities in the world and 23rd among European cities 
(Mercer, 2019). 
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¶ #ÙÃÌÉÓÔÓȭ ÐÒÅÖÉÏÕÓ ÂÁÒÒÉÅÒÓȡ ÒÅÃÁÌÌÉÎÇ ÔÈÅ ÂÁÒÒÉÅÒÓ ÔÈÅÙ ÅØÐÅÒÉÅÎÃÅÄ ÂÅÆÏÒÅ 

choosing to bicycle; and 

¶ Cyclists' triggers: decisive factors that influenced their decision to ride a 

bike. 

For Cyclists' triggers and Non-#ÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓȟ ÐÁÒÔÉÃÉÐÁÎÔÓ ×ÅÒÅ ÁÌÓÏ ÁÓËÅÄ ÔÏ 

select up to five most important ones, and quantify the relevance of each barrier 

relative to the most relevant selected barrier , in a scale from 0 to 10. For Non-

#ÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȟ ÐÁÒÔÉÃÉÐÁÎÔÓ ×ÅÒÅ ÁÄÄÉÔÉÏÎÁÌÌÙ ÁÓËÅÄ ÔÏ ÓÅÌÅÃÔ up to three most 

important ones and rank them in decreasing order of importance. 

The presented lists of motivators/triggers were similar , except that some items in 

the #ÙÃÌÉÓÔÓȭ ÌÉÓÔȟ ÓÕÃÈ ÁÓ ȰÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÃÅÒÎÓ,ȱ or ȰÄÅÇÒÁÄÁÔÉÏÎ ÏÆ ÐÕÂÌÉÃ 

transitȟȱ were not included as options of motivators for Non-Cyclists, because these 

are mostly atti tudes that are not easy to predict. Respondents could add other 

barriers or motivators. The correspondence of barriers, motivators and triggers is 

explained in Table B.2 and Table B.3. 

A question about change of habits in the past year compared the propensity of 

someone to change any habit, such as quitting smoking, becoming vegetarian, 

learning a new art, or changing travel behavior (Shannon et al., 2006).  

Questions about self-efficacy and subjective norms were adapted from previously 

validated surveys from De Geus and colleagues (De Geus et al., 2008) and Lois and 

colleagues (Lois et al., 2015, Chapter Appendix A), and included in the survey. 

An overall view on the survey structure can is presented in Section B.2, in the 

supporting materials. In summary, the different groups of participants followed 

the following survey structure: 

For Non-Cyclists 

1. Barriers: Select from a list with 40 barriers the reasons why do not ride a 

bicycle at all or more often. Then select up to the five most important ones 

and mark them from a scale of importance from 0 to 10, suggesting scoring 

the most important one with 10 points, and the other ones relatively; 

2. Motivators: Select from a list with 56 motivators those that could make 

rid ing a bike more often. Then select up to the three most important ones 

and rank them; 

3. Then, respondents were asked to imagine a scenario in which these most 

important motivators became a reality, and were asked to analyze whether 

or not this would change their transportation habits and to what degree of 

certainty ɀ from Ȱcertainly notȱ to Ȱcertainly yesȱ. They were also asked to 

state the frequency with which would possibly bicycle, and for what 

purpose(s), in this imagined scenario.  
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For Cyclists 

1. Triggers: Recalling the time before they started using the bicycle, the 

respondents were asked to select from a list with 56 triggers those that 

were decisive factors that influenced the decision. Then they had to select 

up to five most important ones and mark them from a scale of importance 

from 0 to 10, suggesting scoring the most important one with 10 points, and 

the other ones relatively; 

2. Previous barriers: They were asked to recall the barriers before choosing to 

bicycle and select from a list with 40 barriers. 

3. Then, they were invited to respond to ȰWhy do you bicycle currently?ȱȟ 

selecting from a list of possibilities and an optional box for alternative 

answers. 

For Quitters  

1. Triggers: Recalling the time before they started using the bicycle, 

participants were asked to select from a list with 56 triggers the ones that 

were decisive factors that influenced the decision. Then select up to the five 

most important ones and mark them from a scale of importance from 0 to 

10, suggesting scoring the most important one with 10 points, and the other 

ones relatively; 

2. Reasons for quitting; 

3. Motivators: They were asked to select from a list with 56 motivators those 

that could make them rid ing a bike more often. Then select up to the three 

most important ones and rank them; 

4. Then, respondents were required to consider a scenario in which these 

most important motivators became a reality, and were asked to analyze 

whether or not this would change their transportation habits and to what 

degree of certainty ɀ from Ȱcertainly notȱ to Ȱcertainly yesȱ. They were also 

asked to state the frequency with which they would possible bicycle, and for 

what purpose(s) in this scenario.  

Regarding their home characteristics and location, all the participants were 

required to reveal their home 7 digit zip code (CP7), and to locate in an online map 

their work/school or frequent destination. They were also asked about the 

possibility  to store a bicycle at home, and how manageable that would be. 

 Data collection and sample description  3.3.2.

An extensive survey of Lisbon's residents, workers, and frequent visitors was 

launched using an opportunistic sample approach following a stratified sample 

methodology at the district level, based on the number of electors. The survey was 

distributed in the social media and the ÐÒÅÓÓȟ ÕÎÄÅÒ ÔÈÅ ÔÉÔÌÅ ÏÆ Ȱ3ÕÒÖÅÙ ÏÎ 

transportation patterns in Lisbon,ȱ and conducted in an online-only format. In 

districts with low rate of response, flyers with the link address were left in 

mailboxes and local businesses. To target cyclists, the survey was sent in cycling 
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ÁÄÖÏÃÁÃÙ ÇÒÏÕÐÓȭ ÎÅ×ÓÌÅÔÔÅÒÓȟ and flyers were left on parked bicycles. The survey 

was online during January and February 2018 and collected 1,457 responses. 

From a data sample of 1,079 valid answers, 70.9% (765) of the participants were 

classified as Non-cyclists, while the remaining ones were classified as Cyclists 

(313). The commuting distances between home location and frequent destinations, 

such as work or school, were computed with  ORS Tools plugin, for QGIS software. 

The demographic and socio-economic characterization of Non-Cyclists and Cyclists 

is presented in Table 3.5. 

Table 3.5 ɀ Demograph ic and socio-economics of Non-Cyclists and Cyclists 

  Non-
Cyclists 
n=765 

Cyclists 
n=313 

Total  
n=1079 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test  

 n % n % n % p-value 
Gender        
 Male 332 43 225 72 557 52 .000 
 Female 432 56 87 28 519 48  
 Other 2  1  3   
Age        
 16-20 18 2 7 2 25 2 .024 
 21-30 150 19 64 20 214 20  
 31-40 242 32 131 42 373 35  
 41-50 219 29 70 22 289 27  
 51-60 105 14 33 11 138 13  
 +60 32 4 8 3 40 3  
 Average 40.17  38.09  39.57   
Education        
 Less than Secondary 6 1 6 2 12 1 .026 
 Secondary 68 10 44 15 112 11  
 Higher 691 89 263 83 955 88  
Commuting distance*        
 Ѕ ρ ËÍ 43 6 25 8 68 7 .121 
 1 ɀ 5 km 249 37 123 42 372 39  
 5 ɀ 10 km 191 29 85 29 276 29  
 10 ɀ 15 km 71 11 30 10 101 10  
 +15 km 113 17 32 11 145 15  
 Average km 8,908  7,704  8,539   
Home location        
 Lisbon City 446 65 219 73 665 67 .014 
 Lisbon Metro Area 319 35 94 27 414 33  
Days/Week to workplace or school**      
 0 to 4 103 15 60 22 163 17 .022 
 5 to 7 567 85 215 78 782 83  
Self-assessment of income status       
 Live without difficulties  266 39 120 40 386 39 .846 
 Live with moderate ease 369 53 160 53 529 53  
 Live with difficulties  57 8 22 7 79 8  
Children at household        
 Ѕ  ρπ ÙÅÁÒÓ ÏÌÄ 142 24 80 31 222 27 .004 
 >  10 years old 96 17 22 9 118 14  
 No 342 59 151 60 493 59  
Bicycle ownership at household        
 Yes 384 50 281 90 666 62 .000 
 No 381 50 32 10 413 38  
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  Non-
Cyclists 
n=765 

Cyclists 
n=313 

Total  
n=1079 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test  

 n % n % n % p-value 
Car ownership at household         
 Yes  602 79 248 79 851 79 .916 
 No  163 21 65 21 228 21  
Primary transportation mode        
 Car 281 38 26 9 307 29 .000 
 Motorcycle 27 4 6 2 33 3  
 Transit 139 19 8 3 147 14  
 Bicycle 0  169 57 169 16  
 Walk 85 11 11 4 96 9  
 Car + Transit 72 10 3 1 75 7  
 Bicycle + Transit 1 0 52 17 53 5  
 Walk + Transit 140 19 15 5 155 15  
 Bicycle + Car 0  9 3 9 1  
 Other 1 0 0  1 0  
Driving license and ability do drive       
 Yes 591 86 264 88 855 87 .417 
 No 174 14 49 12 224 13  
Changed habits during the last year       
 Yes 434 57 181 58 616 57  
 No 331 43 132 42 463 43  

Notes: *From 962 valid cases, where distance was able to be computed.  **From 945 cases that were not 

unemployed or retired; in both groups, it represents 88% of the sample. Chi-square test with Yates 

correction for minimal values. 

Table 3.5 shows significant differences between the groups of Non-cyclists (NC) 

and Cyclists (C). Among Cyclists, a higher percentage were male, as expected in low 

cycling countries (Garrard, Rose, & Lo, 2008). Also, they were younger than Non-

Cyclists and had lower levels of higher education, although only marginally. The 

Non-Cyclists participants were more likely to commute to work or school 5-

days/week compared to Cyclists. The two groups showed similar self-assessed 

income statÕÓȢ )Î ÂÏÔÈ ÇÒÏÕÐÓȟ τρϷ ÏÆ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÈÏÕÓÅÈÏÌÄÓ included 

children, while Cyclists seem to have more children under the age of 11 living with 

them, which was unexpected as families with children are usually correlated with 

higher use of a private car (Santos et al., 2013). Nevertheless, it has been proved 

that having no children increases the probability of cycling (Heinen et al., 2010). 

There was a higher percentage of Cyclists living in Lisbon City, compared to Non-

Cyclists, where residents have access to more bicycle infrastructure and facilities 

within the city limits than in the outer Metro area. The commuting distance was 

not statistically different between the two groups, but the proportion of trips 

below 5 km was higher for Cyclists. Although the access to a car in the household 

was very similar in both groups, the access to a bicycle was very different, with 

Cyclists having a higher bicycle availability, as expected (Heinen et al., 2010). 

Nevertheless, 60% of respondents own a bicycle, and 62% have access to her 

bicycle or from someone at her household. The bicycle availability ratio  is 1.4 adult 

bicycles per respondent (including the ones with zero bicycles). 
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Both groups presented a high rate of car ownership and the ability  to drive, 

contrary to the results from a project that conducts a similar  analysis for seven 

European cities (Raser, 2018). Both groups had similar rates of habit changes 

during the previous year; notably, eating habits accounted for 21% for C and 23% 

for NC, sport practicing for 15% for C and 19% for NC, and transportation mode 

change for 19% for C and 13% for NC. 0ÅÁÒÓÏÎȭÓ ÃÈÉ-squared test does not exclude 

the hypothesis of both groups being different regarding habits changes, suggesting 

that these persons do not have a different propensity to change habits, generically 

in their life. 

The participants have a higher education level when compared to the overall 

population, which might be related to the dissemination strategy of the online and 

press diffusion of the survey and the online survey approach itself.  

Regarding the Quitters group, a dataset with 117 respondents that were not used 

to most of the stages of this research, their average quitting age is 34.43 years-old 

(sd=9.39), and its demographic and socio-economic characterization is presented 

in Table B.1, in the supporting materials. 
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4. Barriers, motivators and 

triggers to bicycle in a n LCM city 
Understanding the key factors influencing bicycling is essential to develop effective 

cycling policies. Again, there is no evidence for such analysis in LCM cities. The 

literature has focused on the barriers to bicycling while looking less towards the 

factors that initially triggered people to shift to cycling. This suggests that barriers 

to cycling have opposing motivators, and that acting on these motivators will 

eventually remove those barriers, although it might not be necessarily always the 

case. This part of the research explores the perceived barriers and the motivators 

to cycling, and also how they are present or change over time, ÔÈÒÏÕÇÈÏÕÔ Á ÃÉÔÙȭÓ 

cycling maturity evolution in the addressed case study. It also compares the 

barriers and the motivators between the Non-Cyclists and Cyclists groups. With 

respect to the Quitters group, their reasons to stop bicycling are also presented in 

this section. 

 Results and discussion  4.1.

Besides identifying the main barriers, motivators and triggers to bicycle, the 

respondents were requested to quantify the relevance of each one relative to the 

most relevant selected barrier , motivator or trigger. 

The relevance given to each motivator or barrier was weighted for each factor by 

dividing the respective score by the sum of all the scores of each set of factors 

chosen as the most relevant ones. For instance, in a scenario that one would score 

10 points in the most relevant factor, then 8 points on the second one, and 2 points 

on the third one, the most relevant factor would have a relative relevance of 

10/(10+8+2), i.e. 0.5, the second would have a relative relevance of 0.4, and the 

third would have a relative relevance of 0.1. If someone selected only one factor, 

the relative relevance would be 1. In the cases that particÉÐÁÎÔÓ ÄÉÄÎȭÔ ÓÃÏÒÅ ÔÈÅ 

importance of the chosen factors, the relevance was weighted by the number of 

selected factors (for: previous barriers, all; motivators, top 3), meaning that if 

someone selected only one factor, that one would be more relevant than one 

chosen within a set of four. 
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The relevance of each barrier is shown in brackets along with the results and it 

corresponds to the mean of the relative relevance (weighted scores), on a scale of 0 

(irrelevant) to 100 (the most relevant). After presenting the results for barriers, 

the survey outcomes for motivators and triggers are presented, following the same 

approach. 

 Barriers to c ycling  4.1.1.

Non-Cyclists 

Figure 4.1 provides an overview of the identified barriers for Non-Cyclists, ordered 

by relevance, and with a color scheme that represents the frequency of choices. 

 
Figure 4.1 ɀ Barriers fo r cycling  of Non-Cyclists, ordered by relevance.  

The most relevant barriers for Non-Cyclists were: not feeling comfortable with the 

idea of cycling with traffic (relevance=100); the perception of the commute being 

too far or that biking takes more time (87 and 40, respectively); the perception 

ÔÈÁÔ ÍÏÔÏÒÉÓÔÓ ÄÏÎȭÔ ÒÅÓÐÅÃÔ ÃÙÃÌÉÓÔÓ ɉυωɊȠ ÔÈÁÔ ÔÈÅ ÃÉÔÙ ÉÓ ÔÏÏ ÈÉÌÌÙ ɉυχɊȠ ÏÒ 

unwillingness to arrive to a destination sweaty (56). Not owning a bicycle (57) is 

also perceived as one of the main barriers, as well as the lack of a safe route (54) 

and an inadequate cycling network for the most frequent trips (52). Having to take 

children to school (40) and lacking room to store a bicycle at home (37) are also 

perceived barriers to cycling, though less frequently chosen (below the 75th 

percentile). The lack of showers at destinations was one of the most chosen factors 

(above P75) but given a low relevance (25). 

Cyclists 

Figure 4.2 shows the identified barriers Cyclists had before changing behavior, 

ordered by relevance, and with a color scheme that represents the frequency of 

choices. 
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Figure 4.2 ɀ Barriers for cycling  of Cyclists, ordered by relevance.  

The most relevant and chosen perceived barriers identified by Cyclists, before they 

take up cycling, were: not owning a bicycle (relevance=100); being afraid of cycling 

with  traffic  (49); fear of motoristsȭ behavior and lack of respect for cyclists (39); 

having never bicycled in an urban environment (36); the lack of a cycling network 

(33) and the perception that the city is too hilly (32). Although less frequently 

selected (below P75), living too far from work or school was also perceived as a 

relevant barrier (39). The perception of not having a safe route was one of the 

most frequently elected barriers (above P75) but assigned a lower relevance (22). 

Cyclists and Non-Cyclists comparison 

Despite some differences, Figure 4.3 illustrates a close similarity  in the ranking and 

ÒÅÌÅÖÁÎÃÅ ÂÅÔ×ÅÅÎ ÔÈÅ #ÙÃÌÉÓÔÓȭ ÐÒÅÖÉÏÕÓ ÁÎÄ ÔÈÅ .ÏÎ-#ÙÃÌÉÓÔÓȭ ÃÕÒÒÅÎÔ ÐÅÒÃÅÉÖÅÄ 

barriers. A high and significant correlation was found, concerning rank and 

ÍÁÇÎÉÔÕÄÅ ÏÆ ÔÈÅ ÆÁÃÔÏÒÓȭ ÒÅÌÅÖÁÎÃÅ ÂÅÔ×ÅÅÎ ÂÏÔÈ ÇÒÏÕÐÓ ɉ3ÐÅÁÒÍÁÎȭÓ ÒÈÏЀ πȢψρπȟ 

p-value<0.001). 
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Figure 4.3 ɀ Comparison of the barriers to cycling between Cyclists and Non -Cyclists, ranked according 
to the relevance  ÏÆ #ÙÃÌÉÓÔȭÓ ÂÁÒÒÉÅÒÓȢ 

 Motivators and triggers to cycling  4.1.2.

Non-Cyclists 

From Figure 4.4 it is possible to observe the identified motivators to bicycle, by the 

Non-Cyclists, ordered by relevance of choices, and with a schematic color that 

represents the frequency of choices. It should be denoted that, according to the 

described method of weighting scores, for the ones who selected only one factor, 

that factor has higher relevance than a chosen factor within a set of choices. 
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Figure 4.4 ɀ Motivators for cycling  of Non-Cyclists, ordered by relevance.  

For Non-Cyclists, the most relevant and chosen factors that would encourage 

cycling are: the expansion of the cycling network (relevance=100); moving closer 

to work, school or home (86); owning an electric-bicycle (60); better and easier 

bicycles on public transit (43); having room to store a bike at home (42); and the 

existence of a bike-sharing system (34). Other factors considered relevant include 

owning a bike suitable for urban trips (37); the availability of showers at the 

destination (31); and not having to take children to school (31), although these fell 

below the 75th percentile of choices. The availability of parking facilities (21); 

employer-based incentives for biking such as financial or paid time off (29); and 

tax incentives for purchasing a bicycle (15) are among the most frequently chosen 

although the corresponding relevance is low.  

Cyclists 

Figure 4.5 shows the identified triggers that led Cyclists to change behavior, 

ordered by relevance, and a color scheme representing the frequency of choices. 
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Figure 4.5 ɀ Triggers for cycling of Cyclists,  ordered by relevance.  

The triggers that participants identified as the most relevant for their behavior 

change were environmental concerns (100); knowing that the bicycle would be 

faster than the other modes of transportation (78); owning a bicycle (69); a 

concern with physical fitness (65); the relative affordability of cycling compared to 

other transportation options (57); an interest in personal health (54); and the 

expansion of the cycling network (53). Other factors that were assessed less 

relevant but were still among the most frequently chosen were the degradation of 

public transit service (29); interest in conveying a political message (29); the 

influence of friends (23), and the participation in Critical Mass (9) ɀ a monthly 

activist bicycle ride in the city. Also, and contrarily of what the literature suggests 

us, seven participants pointed that having to take children to school was a trigger 

that made them start cycling. This factor was not predicted, and this answers fall 

ÉÎÔÏ ÔÈÅ Ȱ/ÔÈÅÒȱ ÃÁÔÅÇÏÒÙȢ Although these factors were not the most influential 

ones, they are among the most frequently chosen, so their impact was relevant in 

some way. These Cyclists gave almost no relevance to bicycle parking facilities and 

commercial, municipal, and work campaigns. 

Cyclists and Non-Cyclists comparison 

Figure 4.6 ÓÈÏ×Ó #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓ ÁÎÄ .ÏÎ-#ÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓ ÔÏ ÂÉÃÙÃÌÅȟ ÂÕÔ ÏÎÌy 

the ones that are comparable ɀ not including attitudes that are not easy to predict, 

as referred to in the methodology. To be comparable, the relevance was re-scaled 

and indexed, based on the comparable factor with  the maximum relevance. For 

ÉÎÓÔÁÎÃÅȟ ȰÏ×ÎÉÎÇ Á ÂÉËÅȱ ×ÁÓ ÎÏÔ ÔÈÅ ÍÏÓÔ ÒÅÌÅÖÁÎÔ ÔÒÉÇÇÅÒ ɉφωɊȟ ÂÕÔ ÆÏÒ ÍÁËÉÎÇ 

this comparison, it was re-scaled to the maximum value (100).  
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Figure 4.6 suggests that there is no similarity between the triggers that led people 

to bicycle and the expectations (motivators) non-cyclists have regarding what 

could make them change to bicycle. The relevant triggers for cycling are not 

considered relevant motivators for Non-Cyclists, and vice-versa, except for the 

cycling infrastructure expansion. Spearman correlation tests revealed a low, but 

not statistically significant, correlation of the factors rank and relevance between 

both groups (Spearman's rho= 0.310, p-value=0.130). 

 

Figure 4.6 ɀ Comparison  of the triggers and motivators to cycling between Cyclists and Non-Cyclists, 
ranked according to  the relevance  ÏÆ #ÙÃÌÉÓÔȭÓ ÔÒÉÇÇÅÒÓ. 

Cyclists were also asked about what they think would make more people bicycle. 

From the 313 Cyclists participants, about 80% (249) shared their opinions on the 

most effective initiatives that would bring people to bicycle, in an open question, 

indicating that these cyclists are somehow committed or concerned to support 

policies that would rise cycling modal share. 708 opinions were classified and 

grouped as presented in Figure 4.7. 
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Figure 4.7 ɀ #ÙÃÌÉÓÔÓȭ ÏÐÉÎÉÏÎÓ ÁÂÏÕÔ ×ÈÁÔ ×ÏÕÌÄ ÍÁËÅ ÍÏÒÅ ÐÅÏÐÌÅ ÂÉÃÙÃÌÅȟ ÏÒÄÅÒÅÄ ÂÙ ÆÒÅÑÕÅÎÃÙ ÏÆ 

opinions.  

From the analysis of their opinions, half of the participants consider that the 

cycling network expansion would bring more people to cycling. The top opinions 

are related with safety concerns regarding traffic, such as: cycling infrastructure, 

awareness of car drivers, car conditioning, traffic calming, or car law enforcement. 

The bike-sharing system expansion shows up on fourth  place. Campaigns to aware 

motor drivers to the presence of cyclists are also considered relevant by 16% of 
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the respondents. Some respondents stated that non-cyclists should try out to 

bicycle in the city (4%). 

The opinions expressed by Cyclists are not in line with the triggers that made them 

start bicycling. Their opinions can be confounded with their own needs to have a 

better cycling experience. 

 Barriers and motivators to bicycle  4.1.3.

Non-#ÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓ ÔÏ ÃÙÃÌÉÎÇ are related to a perception that riding a bicycle 

with traff ic is not safe, that the city is too hilly, distances are not close and require 

too much effort. Not owning a bicycle and the lack of a safe and suitable cycling 

network are also key barriers perceived by Non-Cyclists. These results are 

consistent with previous findings for low cycling maturity contexts (Gatersleben & 

Appleton, 2007; Iwi, Blicharska, Pierotti, Tainio, & Nazelle, 2018; Muñoz et al., 

2013). Non-CÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓ ÔÏ ÂÉÃÙÃÌÅ ÍÏÒÅ, or at all, are mostly related to the 

existence of infrastructure and facilities. For example, major motivators include 

access to, a more extensive cycling network; a bike-sharing system; the ability to, 

and ease of, taking a bicycle on public transit; having a place to store a bike at 

home; or owning an e-bicycle ɀ probably to overcome the hills and distances as 

perceived by this group. The expected motivators are consistent with the 

perceived barriers stated by Non-Cyclists, which are more community-oriented 

(e.g., related with facilities and infrastructure improvements), and not so much 

related to personal interests or needs (e.g., health, fitness, or environmental 

concerns). 

The barriers before cycling reported by Cyclists are similar to those stated by the 

Non-Cyclists. Environmental concerns lead the list of factors that triggered Cyclists 

to start bicycling, along with interest in personal health and concern with physical 

fitness. The affordability of cycling was also identified as a trigger. These results 

are consistent with previous findings (Muñoz et al., 2013). Owning a bicycle and 

the cycling network expansion were also relevant triggers. Availability of bicycle 

storage at home is an important motivator to start cycling for Non-Cyclists, which 

is very relevant in Lisbon considering the housing characteristics, although current 

cyclists did not identify it as a relevant trigger. 

Cyclists consider that owning a bicycle made the difference towards changing 

behavior to bicycling. Nevertheless, the Non-Cyclists did not identify bicycle 

ownership as a relevant motivator. There are two plausible explanations for this: 

an underrated appreciation of the importance of owning a bicycle and how this 

availability can be a motivator for behavior change; and, as a bike-sharing system 

was recently available in Lisbon at the time the survey was launched, Non-Cyclists 

may have the perception that they can easily access a bicycle service, and 

complementary latent factors emerge, referring the bicycle ownership as not so 
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relevant. The time effect analysis reinforces this idea, as will be discussed in 

section 4.2. 

The results from the correlation tests indicate that there is a general similarity 

between the perceived barriers respondents had or have, although there is not a 

similarity between the triggers that led people to bicycle and the motivators of 

Non-Cyclists, regarding what could persuade them to a behavioral change towards 

ÂÉÃÙÃÌÉÎÇȢ &ÉÓÈÅÒȭÓ Ò-to-z transformation confirms that there is a higher and 

statistically relevant correlation (p-value=0.003) between the rank and relevance 

of barriers of Cyclists and Non-Cyclists than between the equivalent rank and 

relevance of motivators. The discussion of this observed discrepancy is compelling 

and relevant. It is not clear whether Non-Cyclists were realistic about what they 

thought would make them start cycling, particularly when the barriers are much 

correlated between Cyclists and Non-#ÙÃÌÉÓÔÓ ɉÁÎ ÁÇÒÅÅÍÅÎÔ ÏÎ ÔÈÅ Ȱ"ÅÆÏÒÅȱ ÓÉÄÅ ÏÆ 

the conceptual model, Figure 2.8), in contrast to the motivators and triggers. Also, 

Non-Cyclists may better perceive the barriers and worse perceive the benefits to 

bicycle than Cyclists (De Geus et al., 2019), as suggested by the Prospect Theory. 

Non-Cyclists' self-assessment about what would make them shift to cycling may be 

faulty (Morwitz, 1997) . 

A caveat should be made regarding the limitations of asking someone about their 

perceived behavior in the past. People may rationalize post-hoc their past (and 

current) behavior, putting forward reasons that make sense now but were not the 

actual causes of their behavior when they actually changed. The socially desirable 

stated answers may also contribute to a higher bias, in particular regarding the 

ȰÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÃÅÒÎÓȱ ÔÈÁÔ ÏÕÔÓÔÁÎÄ ÏÎ #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓȢ "Ù ÆÏÒÃÉÎÇ ÔÈÅ ÃÈÏÉÃÅ 

of the most important items and then, in a second phase, to assess their relevance, 

we can understand that some items that are even socially desirable ɀ most 

frequently chosen ɀ were no longer the most relevant. 

There is a clear disparity in the relevance of health improvement as a factor that 

made respondents shift to cycling between groups (Figure 4.6). According to data 

collected, Cyclists attribute a high relevance, while Non-Cyclists consider it almost 

irrelevant, which suggest different perspectives as to how each group regards or is 

aware of the health benefits of physical activity through cycling. As referred by 

Götschi et al. (2016), safety risks cause a smaller, negative impact on public health, 

such as for air pollution increased exposure, when compared to the benefits of 

increased physical activity (Oja et al., 2011). However, to what extent health 

benefits serve as a motivator for day-to-day cycling is not well understood (Götschi 

et al., 2016)Ȣ 4ÈÅ ÁÕÔÈÏÒÓ ÃÌÁÉÍ ÁÌÓÏ ÔÈÁÔ ȰÔÈÅ ÐÒÏÍÉÓÅ ÏÆ ÈÅÁÌÔÈ ÂÅÎÅÆÉÔÓ ɉȣɊ ÉÓ 

unlikely to sway potential cyclists who currently perceive safety risks as too high a 

barrierȱȢ 4ÈÅ ÒÅÓÕÌÔÓ ÃÏÒÒÏÂÏÒÁÔÅ ×ÉÔÈ ÔÈÉÓ ÈÙÐÏÔÈÅÓÉÓȟ ÉÎ ÔÈÅ ÓÅÎÓÅ ÔÈÁÔ ÏÎÌÙ Á 

small percentage of Non-Cyclists identify health interest as a motivator, with a 
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relative minor relevance, while indicating cycling network expansion (safety-

related) as a major motivator to bicycle. 

This is one possible explanation for the difference in the relevance of cycling for 

health improvement. Complementarily, we could argue that, in general, the 

ÉÎÔÅÒÅÓÔ ÉÎ ÉÍÐÒÏÖÉÎÇ ÏÎÅȭÓ ÈÅÁÌÔÈ ×ÏÕÌÄ ÆÏÌÌÏ× Á ÍÅÄÉÃÁÌ ÐÒÅÓÃÒÉÐÔÉÏÎ ÏÒ ÁÄÖÉÃÅ 

from a relative or friend, besides our own decision. This decision, mostly related to 

a need, would require some personal effort, both physical and mental, and self-

discipline, at least in the transition stage. Therefore, it is not expectable that 

someone would begin improving her health through cycling if they do not need it, 

just because they are (or became) aware of the related benefits of physical activity. 

If someone has that need and interest, cycling is an easy, economical and 

pleasurable solution, although there are many other alternatives to achieve the 

same goal. 

Transportation policymakers and public health officials should consider these 

findings when designing policies and campaigns to pave the way for higher cycling 

rates. The segments of the population that do not need to improve their health 

might not be receptive to such a message, alone. 

It is important to monitor and compare the perceived motivators and triggers 

overtime and, more importantly, between different time periods of cycling 

infr astructure and facilities development, and other public policies of cycling 

ÐÒÏÍÏÔÉÏÎȢ )Ô ×ÏÕÌÄ ÁÌÓÏ ÂÅ ÉÎÔÅÒÅÓÔÉÎÇ ÔÏ ÃÏÍÐÁÒÅ ÔÈÅ #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓ ÆÒÏÍ Á 

period of no cycling infrastructures and facilities at all (nor any plan for that), with 

Non-Cyclists' motivators, after the implementation of a cycling network and bike-

sharing system, to assess the suggestion effect. 

Looking back at the conceptual model (Figure 2.4), sometime in the past, both 

ÇÒÏÕÐÓ ÏÎ ÔÈÅ Ȱ"ÅÆÏÒÅȱ ÓÉÄÅ ÏÆ ÔÈÅ #ÈÁÎÇÅȟ ÓÈÁÒÉÎÇ ÓÉÍÉÌÁÒ ÐÅÒÃÅÉÖÅÄ ÂÁÒÒÉÅÒÓȢ 

However, only one of the groups actually changed their behavior, shifting to the 

Ȱ!ÆÔÅÒȱ ÓÉÄÅ and becoming a cyclist, and can, therefore, identif y what triggered 

them to make this change. Nevertheless, their opinions about what would bring 

more people to change behavior are not consistent to what trigger them. The 

group that remained as non-cyclist, ÏÎ ÔÈÅ Ȱ"ÅÆÏÒÅȱ ÓÉÄÅ ÏÆ ÔÈÅ ÃÏÎÃÅÐÔÕÁÌ ÍÏÄÅÌ, 

has assumptions, perceptions, expectations, and ideas about cycling, that are 

related to their perceived barriers. Their expectations are different from the reality 

experienced by Cyclists. 

 Time effect  4.2.

The Non-#ÙÃÌÉÓÔÓȭ ÐÅÒÃÅÉÖÅÄ ÂÁÒÒÉÅÒÓ ÁÎÄ ÍÏÔÉÖÁÔÏÒÓ ×ÅÒÅ captured at the point in 

time that respondents were taking the survey. In contrast, Cyclists were asked to 

identify the barriers and motivators that caused them to start cycling at some point 
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in the past, which was not the same for all the Cyclists respondents. Their 

individual  barriers and triggers were probably different, due to age, life 

circumstances, peer influence, as well as external factors (Chatterjee et al., 2013).  

The city of Lisbon went through a period of investment in infrastructure, facilities, 

and public policy initiatives for bicycle transportation. We can better identify these 

external factors that may have influenced cycling at the time, but the individual 

ones are not as easy to comprehend. The triggers for cycling were analyzed over 

three different time periods, before the year of the survey (i.e., 2018): 

¶ More than five years (i.e., before 2012), n=96; 
¶ Between five years and one year (i.e., 2013-2016), n=130; and 
¶ Less than one year (i.e., 2017-2018), n=87. 

Figure 4.8 reveal some differences between the triggers that led people to bicycle 

in different periods. With respect to municipal policies, the relevance of the cycling 

network was higher in recent years, and the bike-sharing system also became very 

relevant, as expected, when it was rolled out in 2017-2018. On the other hand, 

owning a bicycle was a more relevant trigger in the past, and the need for an own 

bicycle was probably replaced by the bicycle availability a public scheme offers. 

Investment in infrastructure has a greater likelihood of inducing cycling (Dill & 

Carr, 2003; Pucher & Buehler, 2005; Santos et al., 2013), but it is not clear whether 

people started cycling due to changes in the built environment, or due to other 

latent factors. Specifically, a self-selection variable should not be overlooked 

(Krizek, Barnes, et al., 2009; Pinjari et al., 2009). In addition, there is evidence that 

increases in bicycle use after the implementation of bike-sharing programs are 

sometimes confused by concomitant improvements in bicycling facilities (Pucher 

et al., 2010), which may be the case in Lisbon as from 2017. 

Many respondents who started cycling from 2013-2016, coincident with the 

financial crisis in Portugal, reported that the relative affordability of cycling was a 

driving factor, as well as the rising price of transit and gas. 

Visiting another city where it was common for people to ride a bicycle was 

relevant until a certain time, which may correspond to the fact that, in recent years, 

it is more common to see people riding bikes in Lisbon. Critical Mass events played 

a role but became irrelevant as a trigger after 2012, suggesting that promotion 

campaigns can become ineffective and should be replaced with timely new 

campaigns.  
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Figure 4.8 ɀ Relevance ÏÆ #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓ ÂÙ time period , ordered by the general relevance ÏÆ #ÙÃÌÉÓÔȭÓ 
triggers. The different colors grade the frequency of choices by percentiles.  

If triggers change over time and within different contexts, we may question if the 

perceived barriers would also be different over time. Figure 4.9 suggests that the 

#ÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓ ÂÅÆÏÒÅ ÃÙÃÌÉÎÇ ×ÅÒÅ ÓÉÍÉÌÁÒ ÏÖÅÒ ÔÈÅ ÔÈÒÅÅ ÐÅÒÉÏÄÓȢ 4ÈÅ ÏÎÌÙ 

exception was bicycle ownership and lack of cycling network, which became more 

relevant in 2017-2018, when major bicycle infrastructure and facilities became 

more widely available in Lisbon. 

-2012 2013-2016 2017-2018

0 25 50 75 100 0 25 50 75 100 0 25 50 75 100

Showers at destination

Advocacy groups campaigns

Room to store a bicycle

Colleagues

Bike riding lessons

Parking no longer for free

Price of gas

Critical Mass

Family members

Reach transit network

Own a e-bicycle

Sustainable transportation (image)

Bicycles in public transit

Visited another city

Moved

Bike sharing system

Own a urban bicycle

Price of public transit

Friends

Moved closer to work or home

Workplace changed

Lived abroad

Degradation of public transit

Political message

Cycling network expansion

Health improvment

Cheapest than other modes

Physical fitness

Own a bicycle

Faster than other modes

Environmental concerns

Mean of weighted scores

T
ri
g
g
e
rs

 o
f 
C

y
c
lis

ts

Frequency of choices

0-50%

50-75%

75-100%

Triggers for cycling - relevance



Barriers, motivators and triggers to bicycle in an LCM city 

76 

 

Figure 4.9 ɀ Relevance ÏÆ #ÙÃÌÉÓÔÓȭ barriers  by time period , ordered by the general relevance of Cyc ÌÉÓÔȭÓ 
triggers. The different colors grade the frequency of choices by percentiles . 

In LCM cities, there is an expectation that people will start cycling without or with 

few infrastructure and facilities. With time and implementation of policies that 

support cycling, the factors that lead people to bicycle also change. What triggered 

people to become the first generation of cyclists is not the same as what triggered 

subsequent generations of cyclists, as shown in Figure 4.8.  
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context of an LCM city (Lisbon). 
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were pointed as relevant motivators by Non-Cyclists (with a particular emphasis 

on e-bike availability) and as relevant triggers to bicycle by Cyclists in this LCM city, 

although not on the top of the most relevant ones. Personal concerns and interests 

are more relevant triggers for Cyclists. 

Although there is a general similarity between the perceived barriers between 

Non-Cyclists and Cyclists, we conclude that there is not a similarity between the 

triggers that led Cyclists to bicycle and the expectations the Non-cyclists have 

regarding of what could make them switch to cycling. Nevertheless, the motivators 

of Non-Cyclists are related to their barriers. 

The findings suggest that the motivators for cycling vary over time, and it is 

expected that they also change as cities transition along cycling maturity levels. In 

an LCM city, there is an expectation that people will start cycling with none or little 

infrastructure and few facilities. With time and implementation of policies that 

support increased cycling, the factors that lead people to bicycle also change. What 

ÔÒÉÇÇÅÒÅÄ ÐÅÏÐÌÅ ÔÏ ÂÅÃÏÍÅ ÔÈÅ ȰÆÉÒÓÔ ÇÅÎÅÒÁÔÉÏÎȱ ÏÆ ÃÙÃÌÉÓÔÓ ÉÓ ÎÏÔ ÔÈÅ ÓÁÍÅ ÁÓ 

what triggered subsequent generations of cyclists. 

The evolution of cycling maturity of cities is a continuous process from an LCM 

until an HCM. However, this continuum of evolution occurs also within each of 

these levels of cycling maturity. For instance, the results from the time effect 

analyses suggest that the first generation taking-up cycling had different 

requirements for cycling when compared with the most recent generation that, 

while having access to better cycling conditions, expressed different concerns to 

change behavior towards cycling. For example, peer pressure, advocacy for cycling 

(e.g., the critical mass in Lisbon) or personal experiences (e.g., having lived in or 

visited a more cycling-mature city) exerted much more influence on behavioral 

change than nowadays. Interestingly, individual concerns (for instance, 

environmental, health, physical and political) are constant triggers to shift to 

cycling, over time. As such, we would argue that these should be triggers to target 

with specific policy measures, on a continuous basis (as they are constant concerns 

for everyone), but complementary policy measures are needed to match the 

remaining motivators highlighted by Non-Cyclists.  

The relationship between the observed choice to bicycle and the factors 

influencing this choice is complex. However, overcoming perceived barriers to 

cycle may not be enough to make the modal shift, as we learn from Cyclists. 

Individuals make deliberated choices, but also life circumstances and contextual 

changes play an important role in behavioral change. For example, breaking a leg 

ÏÒ ÈÁÖÉÎÇ Á ÎÅ× ÂÉËÅ ÌÁÎÅ ÉÎ ÏÎÅȭÓ ÈÏÍÅ ÓÔÒÅÅÔ ÃÁÎ ÓÔÒÏÎÇÌÙ ÉÎÆÌÕÅÎÃÅ ÂÅÈÁÖÉÏÒȢ 

What happens, in reality, is not necessarily related to the expectations people have 

to start bicycling. 
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This conclusions may support the design of policies in order to increase cycling 

levels in LCM cities by acknowledging the barriers and motivations of potential 

new cyclists and learn from current cyclists. 

 Highlights  4.4.

¶ Cyclists' and Non-#ÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓ ÔÏ ÂÉÃÙÃÌÅ are very similar, however the 

motivators to bicycle are not similar. 

¶ Non-Cyclists' motivators to bicycle are related to their perceived barriers. 

¶ Personal concerns and health related interests are relevant triggers for 

Cyclists. 

¶ Infrastructure and facilities are more relevant motivators for Non-Cyclists. 

¶ Cyclists' triggers change over time and are expected to change with cycling 

maturity levels of cities. 
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5. Modeling  the self-assessed 

propensity to bicycle in a n LCM 

city  
The fifth chapter is divided into five sections. The first section describes the 

segmentation approach of the survey data into sub-groups of potential cyclists. 

The second section presents the process to model the self-assessed propensity to 

bicycle ɀ i.e. to belong to each stage of transition stage towards cycling ɀ, the 

modelsȭ results and the corresponding analysis. Discussion of the findings and 

conclusion are included in the third section. A forth section appraises the 

segmentation approach of potential-cyclists used on the propensity to cycling 

models. Finally, section 5.5 analyzes the willingness bias to bicycle of the most 

enthusiastic group of potential cyclists. 

The studies referred in the Literature Review chapter (Section 2.5.3. Modeling the 

cycling behavior change) sustain the approach of this part of research. Overall, the 

aim of this chapter is to model the propensity to bicycle in an LCM city. The 

methodological approach includes the following main steps and methods: 

1. Segment the large group of respondents that were classified as potential 

cyclists, based on the TTM conceptual model, using their self-assessed 

propensity to change to bicycle as the dependent variable, and characterize 

the sub-groups according to their socio-demographic variables, personal 

traits, and experience in cycling; 

2. Use binary logit models to identify and assess the factors that better explain 

the probability to  belong to each behavioral stage and respective sub-group, 

in a transitional order, up to the final group of Cyclists; and 

3. Summarize the modeling results and discuss the policy and planning 

implications to raise cycling levels in an LCM city. 

Figure 5.1 shows the sequence of stage of changes that this section aims to model, 

based on the probability of belonging to each behavioral stage, according to the 

motivators for cycling (of potential-cyclists) and the triggers of current Cyclists.  
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Figure 5.1 ɀ Binary logit models to assess the probability of belonging to each behavior stage towards 

cycling.   

Assuming that some Non-Cyclists have no motivation to switch to cycling, they 

were not considered for the analysis. This group represents the "No-Way, No-

How", defined as those who responded that nothing would make them bicycle. 

 Identifying segments within the group of  potential cyclists  5.1.

Revisiting Figure 1.4 (p. 10) and Figure 2.9 (p. 44), the aim here is to divide the 

large group of potential cyclists into sub-groups, in order to better target and 

design policies around behavioral change that increases cycling levels in an LCM 

city. 

 Classification  procedure  5.1.1.

Several experiments were carried out to segment the large group of potential 

cyclists. The variable considered for this division was the quasi-continuous self-

assessed propensity to change to cycling, ranging from 0 to 100. The 

corresponding survey question was formulated as follows:  

Ȱ)ÍÁÇÉÎÅ Á ÓÃÅÎÁÒÉÏ ÉÎ ×ÈÉÃÈ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÓÅÔ ÏÆ ÃÏÎÄÉÔÉÏÎÓ ÂÅÃÁÍÅ Á ÒÅÁÌÉÔÙȡ  

[the top 3 motivators selected by the respondent were shown] 

In this scenario, do you think you would change your transportation habits, opting 

ÆÏÒ ÒÉÄÉÎÇ Á ÂÉÃÙÃÌÅ ÍÏÒÅ ÏÆÔÅÎȩȱ 

, and the possible answers were: 

Ȱ.Ïȟ ÄÅÆÉÎÉÔÅÌÙȱ / Ȱ0ÅÒÈÁÐÓȱ /  Ȱ9ÅÓȟ ÄÅÆÉÎÉÔÅÌÙȱ / Ȱ) ÈÁÖÅ ÎÏ ÉÄÅÁȱ. 

Having chosen ÔÈÅ Ȱ0ÅÒÈÁÐÓȱ ÁÎÓ×ÅÒȟ ÁÎÏÔÈÅÒ ÑÕÅÓÔÉÏÎ ×ÁÓ ÓÈÏ×Îȡ 

ȰHow sure are you that ÉÔ ×ÏÕÌÄ ÃÈÁÎÇÅ ÙÏÕÒ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ÈÁÂÉÔÓȩȱ 
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Table 5.2 ɀ Classification of su b-groups of potential cyclists .  

Class Class label Rule Freq. % 
0 Pessimists Change degree < 50 79 11 
1 Optimists Change degree І 50 & <100 259 37 
2 Enthusiasts Change degree = 100 359 52 

Again, the frequency of each sub-group suggests an optimism bias, where 84% of 

the ÒÅÓÐÏÎÄÅÎÔÓ ÁÒÅ ÃÌÁÓÓÉÆÉÅÄ ÁÓ Ȱ/ÐÔÉÍÉÓÔÓȱ ÁÎÄ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱȢ The thresholds 

were decided based on the observation of the values that stand out in the 

distribution of the propensity to change to cycling. 

One might question such thresholds and wonder why a self-reported assessment 

of 50% probability to change should be ÃÏÎÓÉÄÅÒÅÄ ÁÓ Ȱoptimistȱ and not 

ȰÐÅÓÓÉÍÉÓÔȱ? Here, it was assumed that a respondent that self-reports a 50% 

probability is a priori  more positive towards a change ɀ giving the benefit of the 

doubt ɀ than an individual that assessed a propensity below that value 

(corresponding to the center of the scaling bar). In fact, the impact of different 

thresholds and other group segmentations on the analyses are tested section 5.4. 

Assuming that potential cyclists have assigned a probability to changing behavior 

directly proportional to how Ȱcloseȱ they are to becoming cyclists, we can postulate 

that pessimists are at an early stage of potential change [Pre-Contemplation], and 

enthusiasts position themselves at a more advanced stage in the process of 

transition to change [Contemplation and Preparation]. 

Furthermore, the rule-based decision tree in Figure 2.7 (p.40, section 2.1) 

illustrates the segmentation of a population into Regular-cyclists, Potential-Cyclists 

and Non-Cyclists. This definition unveils implicitly different stages of cycling 

adoption that have a counterpart in the ProchaskÁȭ 3ÔÁÇÅÓ ÏÆ #ÈÁÎÇÅ ɉÄÅÆÉÎÅÄ ÉÎ 

Table 2.4). As such, the non-cÙÃÌÉÓÔÓȭ ÒÅÓÐÏÎÄÅÎÔÓ can be also ÁÓÓÉÇÎÅÄ ÔÏ Ȱ0ÒÅ-

ContemplatiÏÎȱȟ Ȱ#ÏÎÔÅÍÐÌÁÔÉÏÎȱ ÁÎÄ Ȱ0ÒÅÐÁÒÁÔÉÏÎȱ ÓÔÁÇÅÓȢ Cyclists would 

ÃÏÒÒÅÓÐÏÎÄ ÔÏ ÔÈÅ Ȱ!ÃÔÉÏÎȱ ÁÎÄ Ȱ-ÁÉÎÔÅÎÁÎÃÅȱ ÓÔÁÇÅÓȟ ÁÎÄ ÆÉÎÁÌÌÙ ÔÈÅ 1ÕÉÔÔÅÒÓ ÔÏ 

ÔÈÅ Ȱ2ÅÌÁÐÓÅȱ ÓÔÁÇÅȢ !Ó ÓÈÏ×Î in Table 5.3 and Figure 5.6, the classification of 

potential cyclists by their self-assessed propensity to bicycle is somehow related 

with their availability to bicycle, when answering the questions about their past 

experience with cycling over the previous 12 months, and with their interest to 

bicycle in the next 3 and 12 months, at the beginning of the survey.  

Table 5.3 ɀ Distribution of the potential cyclists by pair of Stages of Change and Propensity for change 
class, in percentage. 

Stage  Pessimists Optimists  Enthusiasts  Total  
Pre-Contemplation 8 % 14 % 7 % 29 % 
Contemplation 3 % 21 % 34 % 58 % 
Preparation 0 % 2 % 11 % 13 % 
Total 11 % 37 % 52 % 100 % 
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Figure 5.6 ɀ Types of Potential -Cyclists, by Stages of Change and by Propensity for c hange class. The 
numbers represent the frequency on each pair.  

If no scenarios with better realities were presented to the participants, the initial 

expectation would be that the correspondence of Propensity for cycling and Stages 

of Change would be distributed along the diagonal, i.e., Pessimists would be in Pre-

Contemplation, Optimists would be in Contemplation, and, Enthusiasts would be in 

Preparation stage of change to cycling. However, the question whether 

respondents would change behavior, was based on a future scenario where, 

hypothetically, their stated top motivators would become real. Therefore, the 

expectation would be that, irrespective of the Stage of Change, the Propensity 

would shift upwards, increasing the probability of changing behavior towards. 

In fact, the results indicate that 40% of the respondents locate in the diagonal, thus 

ÍÁÔÃÈÉÎÇ ÔÈÅ ÃÏÍÂÉÎÁÔÉÏÎÓ ÏÆ Ȱ0ÅÓÓÉÍÉÓÔ ɀ Pre-#ÏÎÔÅÍÐÌÁÔÉÏÎȱȟ Ȱ/ÐÔÉÍÉÓÔ ɀ 

#ÏÎÔÅÍÐÌÁÔÉÏÎȱȟ ÁÎÄ Ȱ%ÎÔÈÕÓÉÁÓÔ ɀ 0ÒÅÐÁÒÁÔÉÏÎȱȠ ×ÈÅÒÅÁÓ υυϷ ÌÁÙ ÁÂÏÖÅ ÔÈÅ 

diagonal, thus consistently increasing their propensity to shift to cycling, within a 

more favorable scenario than the base-scenario (when nothing new was being 

offered). Interestingly, 5% of individuals lay below the diagonal, meaning that 

despite qualifying for a higher propensity for cycling, the respondents under-

stated their willingness to shift to cycling. Still, it is somehow unlikely that 

individuals in the Preparation stage would not be prone to bicycle once the stated 

motivators would become a reality (refer to the red dot). Also, the individuals that 

had similar expectations to change behavior at the beginning of the survey (base-

scenario, when nothing new was being offered) and after considering a scenario 

where their top motivators would become a reality are represented as blue dots 

(45%), and the ones that increased their propensity to become closer to cycling are 

represented in green on the upper side of the diagonal (55%).  
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Those qualifying for the Preparation stage (i.e., closer to cycling) correspond to a 

lower percentage (13%), but 83% of these are Enthusiasts, as expected. Moreover, 

it is interesting to notice that almost 60% of respondents qualified for the 

Contemplation stage, of which 66% correspond to Enthusiasts, i.e., above the 

previous expectation. Finally, 29% of respondents are in the Pre-contemplation 

stage, of which more than 70% are above expectable propensity to shift, i.e., they 

are Optimists or Enthusiast, instead of Pessimists. 

Figure 5.7 illustrates the groups and sub-groups of potential-cyclists (now defined 

and labeled, recalling the Figure 5.1), and the expected transition change towards 

cycling, that is intended to be assessed in this chapter by modeling the probability 

of belonging to each class regarding the motivations to bicycle. 

 
Figure 5.7 ɀ Groups and sub-groups of potential -cyclists, and the expected transition change towards 

cycling.  

 Characterization of the sub -groups of potential cyclists  5.1.2.

The segmentation of potential cyclists into 3 sub-groups can be better sustained by 

understand the characteristics of these population segments. For this purpose, 

more than two hundred variables were organized and examined into 6 categories: 

socio-demographic attributes, housing, personality traits , attitudes, self-efficacy 

and bicycling experience. 

The sub-groups of potential cyclists were also compared with the group of cyclists, 

to detect if there is a trend on how these variables vary in the sequence of the 

transitional classes of potential cyclists. A descriptive statistics table of the 

sociodemographic variables is presented in Table 5.4. In addition, a graphic 

description of the most relevant variables may be found in Figure C.1 to Figure 

C.16, in the supporting materials C.1.  
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Table 5.4 ɀ Demographic and socio -economics for each group of potential cyclists and cyclists.  

  Pessimists 
n=79 

Optimist s 
n=259 

Enthusiasts  
n=359 

Cyclists 
n=313 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test*  

 n % n % n % n % p-value 
Gender          
 Male 30 38 105 41 163 45 225 72 .358 
 Female 49 62 154 59 194 54 87 28  
 Other 0  0  2 1 1   
Age          
 16-20 2 3 6 2 9 3 7 2 .469 
 21-30 13 16 54 21 80 22 64 20  
 31-40 22 28 84 32 118 33 131 42  
 41-50 22 28 73 28 97 27 70 22  
 51-60 12 15 34 13 47 13 33 11  
 +60 8 10 8 3 8 2 8 3  
 Average (sd) 42.66 (13.09) 39.90 (11.13) 38.94 (10.71) 38.09 (10.00)  
Commuting distance**          
 Ѕ ρ ËÍ 4 5 8 4 9 3 25 8 .511 
 1 ɀ 5 km 31 40 72 36 125 38 123 42  
 5 ɀ 10 km 19 24 67 33 97 29 85 29  
 10 ɀ 15 km 11 14 28 14 30 9 30 10  
 +15 km 13 17 26 13 70 21 32 11  
 Average km 8,730  8,300  9,336  7,704   
Potential commuting trip in cycling infrastructure       
 Average % 38.43  39.90  36.10  28.27  .280 
Home location          
 Lisbon City 52 67 141 54 216 63 219 73 .578 
 Lisbon Metro Area 26 33 118 46 128 37 94 27  
Self-assessment of income status         
 Live without difficulties  33 42 86 41 124 36 120 40 .706 
 Live with moderate ease 39 50 110 52 191 56 160 53  
 Live with difficulties  6 8 14 7 29 8 22 7  
Children in the household          
 Yes 21 27 64 25 129 36 102 33 .008 
 No 58 73 195 75 230 64 211 67  
Primary transportation mode         .112 
 Car or Motorcycle 37 47 111 43 140 39 37 12  
 Car + Transit 2 3 30 12 32 9 4 1  
 Transit 37 41 95 37 136 38 23 7  
 Walk 8 10 22 8 51 14 11 4  
 Bicycle 0  0  0  169 54  
 Bicycle + Car or Transit 0  1 0 0  69 22  
Bicycle ownership in household          
 Yes 28 35 109 42 221 62 281 90 .000 
 No 51 65 150 58 138 38 32 10  
Room to store a bicycle at home          
 Yes 52 66 217 84 298 83 306 98 .001 
 No 27 34 41 16 61 17 7 2  
Car ownership in household           
 Yes  69 87 187 72 289 81 248 79 .005 
 No  10 13 72 28 70 19 65 21  
Could you give up having a car?***         
 Yes 8 15 20 13 47 20 51 28 .009 
 Perhaps 12 22 49 33 91 39 72 39  
 Not at all 34 63 81 54 93 40 61 33  
Bicycle proficiency          
 Experienced 4 5 14 5 51 14 487 59 .000 
 Somewhat experienced 6 8 35 14 102 28 112 36  
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  Pessimists 
n=79 

Optimist s 
n=259 

Enthusiasts  
n=359 

Cyclists 
n=313 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test*  

 n % n % n % n % p-value 
 Beginner 9 11 62 24 98 27 17 5  
 Inexperienced 60 76 148 57 108 30 0 0  
Bicycle confidence          
 Very confident 5 6 11 4 33 9 111 35 .000 
 Confident but cautious 15 19 66 25 171 48 182 58  
 Not confident 59 75 182 70 155 43 20 6  
Bicycle familiarity in childhood         
 Yes 69 87 239 92 333 93 293 94 .269 
 No 10 13 20 8 26 7 20 6  

Notes: *Chi-square test between potential cyclists classes only, with Yates correction for minimal values.  

**From 905 valid cases, where distance was able to be computed.  ***Do not include the individuals who 

declare not owning a car. 

On average, Pessimists (43yr) are older than Optimists (40yr), Enthusiasts (39yr), 

ÁÎÄ #ÙÃÌÉÓÔÓ ɉσψÙÒɊȢ 4ÈÅ ÆÅÍÁÌÅ ÇÅÎÄÅÒ ÓÈÁÒÅ ÏÆ ÔÈÅ ÔÈÒÅÅ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÓÕÂ-

groups varies from 62% in 0ÅÓÓÉÍÉÓÔÓ ÔÏ υτϷ ÉÎ %ÎÔÈÕÓÉÁÓÔÓȭ ÃÌÁÓÓ, and is even 

lower in the Cyclists (28%). The commuting trip distance is also very similar in the 

ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÓÕÂ-groups but is shorter for Cyclists. More Pessimists stated 

that they do not have room to store a bicycle at home than Optimists and 

Enthusiasts, or Cyclists. Among the sub-groups of potential cyclists, more 

Pessimists and Optimists declared to live without difficulties than Enthusiasts, but 

when compared to Cyclists, the difference is subtle. In a descending order, there is 

a clear trend on bicycle availability in the household, with more Pessimists without 

access to a bike. Regarding car availability in the household, there is no clear trend. 

Still, Optimists apparently have lower car availability . 

When asking the car owners if they could give up having a car, there is a clear 

trend where ÍÏÒÅ 0ÅÓÓÉÍÉÓÔÓ ÒÅÓÐÏÎÄ Ȱ.ÏÔ ÁÔ ÁÌÌȱ ÔÈÁÎ #ÙÃÌÉÓÔÓȟ ÁÎÄ ÍÏÒÅ #ÙÃÌÉÓÔÓ 

ÒÅÓÐÏÎÄÉÎÇ Ȱ9ÅÓȱ ÔÈÁÎ 0ÅÓÓÉÍÉÓÔÓȟ ÁÓ ÏÎÅ ×ÏÕÌÄ ÅØÐÅÃÔȢ 7ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ 

regularly travel mode, Pessimists use more car or motorcycle than the remaining 

groups, not surprisingly, and Cyclists use more bicycle, or bicycle combined with 

transit , than the remaining groups. Interestingly, Cyclists walk less that the other 

sub-groups of potential cyclists, as a primary transport mode. 

With respect to bicycle experience and bicycle confidence when riding in urban 

areas, there is a clear trend with more Pessimists stating that they are 

inexperienced, and more Cyclists stating they are experienced. About 75% of 

Pessimists stated that they ÁÒÅ ȰÎÏÔ ÃÏÎÆÉÄÅÎÔ ÉÎ ÒÉÄÉÎÇ Á ÂÉÃÙÃÌÅ ÏÎ ÔÈÅ ÒÏÁÄ×ÁÙȱ, 

while this percentage decreases until  the lowest threshold with Cyclists (6%). 

Nevertheless, more than half of the Cyclists (58%) stated they ÁÒÅ Ȱ#ÏÎÆÉÄÅÎÔ ÂÕÔ 

caÕÔÉÏÕÓȱȢ 

0ÅÁÒÓÏÎȭ ÃÈÉ-square tests between the potential-cyclists groups revealed that they 

are not similar for the following attributes: children in the household, bicycle and 

car availability at home, room to store a bike, willingness to give up on car, bicycle 
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confidence and experience. These statistics reinforces the idea that these groups 

are statistically distinct, besides conceptually different. 

When plotting  the experience of riding a bicycle for the Cyclists group (Figure 5.8), 

the relationship between the years of cycling and the self-reported experience 

strikes out, with the more years the respondents had cycled, the higher were the 

levels of cycling experience, as expected. But it should also be noticed that among 

the recent cyclists ɀ those who started to bicycle one year or less before the survey 

launch time ɀ only a few consider themselves as ȰÂÅÇÉÎÎÅÒÓȱ. In fact, the cyclists 

that started to bicycle 6 months before the survey, consider themselves mostly 

experts and somewhat experienced in urban cycling.  

 
Figure 5.8 ɀ Cycling  time experience  vs. self-reported experience level, for Cyclists.  

More Pessimists reported that they did not used to ride bikes in their childhood, 

when compared with the remaining sub-groups, although without a clear trend. 

This may suggest that these individuals did not learn to ride a bicycle at that time. 

A variable was created to determine the portion of the commuting trip from home 

to work, school, or other frequent destinations that could benefit from the existing 

cycling network at the time of the survey. Using GIS, this variable was defined as 

the portion of the estimated bicycle OD (Origin-Destination) route9 that is within a 

250 meters mesh-width of the cycling network. 250m is considered in several 

European cycling planning documents as the theoretical ideal distance for a cycling 

network coverage (Centre for Research and Contract Standardization in Civil and 

Traffic %ÎÇÉÎÅÅÒÉÎÇ ɉ#2/7Ɋȟ ςππφȠ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȭÓ )ÎÔÅÌÌÉÇÅÎÔ %ÎÅÒÇÙȟ ςπρπÂȠ 

Sustrans, 2014). 

                                                        
9 Estimated by ORS tools, in QGIS software. 
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Figure 5.9 illustrates an overview of the existing cycling infrastructure in Lisbon, 

by 2018, and the estimated bicycle OD routes of the participants. The spatial 

ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÏÒÉÇÉÎÓ ÁÎÄ ÄÅÓÔÉÎÁÔÉÏÎÓ ɉÁÐÐÒÏØÉÍÁÔÉÏÎɊ ÃÁÎ ÂÅ 

viewed in Figure B.3 (supporting materials). 

 
Figure 5.9 ɀ OD bike routes of respondents (computed), the existing cycling network in Lisbon and 

250m mesh width.  Stamen Toner Lite basemap. 

When plotting this variable ×ÉÔÈ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÃÏÍÍÕÔÉÎÇ ÄÉÓÔÁÎÃÅ ɉFigure 

5.10), we can observe that most of the commuting trips of less than 10 km can 

potentially  be made using cycling infrastructure  in more than 25% of the OD route 

distance. 

However, there is no clear evidence that participants with higher potential 

accessibility  to the cycling infrastructure are more prone to bicycle (the color code 

of each point indicates thÅ ÒÅÓÐÏÎÄÅÎÔȭ ÓÅÌÆ-reported propensity to cycle). Such fact 

could mean that the accessibility  to the cycling infrastructure per se is not the only 

determinant factor that equates to the self-assessed propensity to bicycle, as the 

literature refers (Dill & Voros, 2007). 

This can also mean that a fragmented cycling infrastructure can be a deterrent to 

bicycle. Despite covering 90% of the OD route, respondents might consider that 

the remaining 10% are critically unsafe to ride a bike at all and, as such, their 

probability to bicycle all the way through is not proportional to the existing 

infrastructure. The lack of cycling infrastructure on a small part of the OD route 

might be critical to bicycle on that route. 
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Figure 5.10 ɀ Percentage of the commuting trip that potentially could be made using the bicycle 

infrastructure of Lisbon, and commuting distance.  

The spatial distribution of the participants was assessed to understand if there was 

a pattern on their distribution regarding their classification (Figure 5.11). No 

spatial pattern was found, suggesting that the participants are randomly 

distributed  in space ɉ-ÏÒÁÎȭÓ ) =0.012, p = .001). 

 
Figure 5.11 ɀ Spatial distribution of the sub -groups of potential -cyclists and cyclists.  
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The comparison of the Likert-scale responses of the self-efficacy question items 

(Figure C.17, in the supporting materials C.1) suggest that Cyclists are more 

familiar and confident in performing bicycle-related operations, while more 

Pessimists stated they are not confident at all, with a clear trend along the four 

groups. The items included in the self-efficacy question were: riding a bicycle along 

with the traffic, fixing a flat tire, maneuver safely the bicycle if encountered an 

obstacle, climbing a steep street, traversing an uneven or rough terrain (unpaved), 

planning a bicycle route, and bicycle with rain weather conditions. 

A set of eighteen personality traits questions were presented to the respondents in 

order to explore their personality profile  and understand how individualȭÓ intrinsic 

personality may influence the behavior change decision towards cycling. 

Respondents were asked to classify themselves for each personality traits, 

according to a Likert-scale. From the results (Figure C.18 and Figure C.19, in 

supporting materials), there is no clear difference on the distribution of different  

personalities among the sub-groups of potential cyclists and cyclists. An exception 

is ÍÁÄÅ ÆÏÒ ÔÈÅ Ȱ) ÌÉËÅ ÔÏ ÔÁËÅ ÒÉÓËÓȱȟ Ȱ) ÌÉËÅ ÂÅÉÎÇ ÏÕÔÄÏÏÒÓȱȟ Ȱ!ÄÖÅÎÔÕÒÏÕÓȱ, ɀ where 

a trend is observed with  Cyclists tend to identify themselves more with these traits 

conversely to Pessimists, who reject these labels. Differently, Pessimists tend to 

identify themselves with the ÓÔÁÔÅÍÅÎÔ Ȱ) ÌÉËÅ ÒÏÕÔÉÎÅÓȱ more than Cyclists. 

Nevertheless, being risk-taker and being adventurous are highly positively 

correlated, and which are both negatively correlated with liking  routines (see 

Figure C.20). It should be noticÅÄ ÔÈÁÔ ÔÈÅ ȰÏptimismȱ ÁÓÓÅÓÓÍÅÎÔ is somewhat the 

same for all four groups. 

For the potential-cyclists group, a multiple linear regression model was calibrated 

using R project software, where the dependent variable was the self-assessed 

Ȱpropensity to change to cyclingȱȟ ×ÈÉÃÈ ÉÓ Á continuous variable (ranging from 0 to 

100). All the previously described sociodemographic variables and bicycle-

experience related variables were included in the model, and the summaries of the 

initial and final  models are presented on section C.2 (refer to supporting 

materials). Variables related to trip distance, and home location (in or out Lisbon 

Municipality ) were not significant, and thus were excluded from the model. Table 

5.5 presents the summary of the multiple linear regression model with probability 

to change to cycling as dependent variable. 

Despite the poor goodness-of-ÆÉÔȟ ÔÈÅ ÖÁÒÉÁÂÌÅ ȰÁÇÅȱ ÉÓ ÎÅÇÁÔÉÖÅÌÙ ÁÓÓÏÃÉÁÔÅd with 

ÔÈÅ ȰÐÒÏÐÅÎÓÉÔÙ ÔÏ ÃÙÃÌÉÎÇȱȟ ×ÈÉÌÅ ÈÁÖÉÎÇ ȰÃÈÉÌÄÒÅÎ ÁÔ ÈÏÍÅȱ ɉÁ ÄÕÍÍÙ ÖÁÒÉÁÂÌÅɊ ÉÓ 

positively related. The availability of a car in household was not significant in the 

final model results, while the availability of a bicycle at household is positively 

related with the propensity to bicycle. The confidence in urban cycling and bicycle 

proficiency (experience) are also positively related with the self-assessed of 

propensity to bicycle. 
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Table 5.5 ɀ Summary for multiple linear regression model with probability to change to cycling as 
dependent variable, and sociodemographic as independent variables  

Model: Change probability ~ Socio -Demographics  

 Included (final)  B Std.Err. t p-value sig 

Intercept -0.197 0.050 -3.927 .000 ***  

Age -0.157 0.033 -4.682 .000 ***  

Children at home_Yes 0.158 0.074 2.121 .034 * 

Bicycle at home_Yes 0.276 0.069 3.985 .000 ***  

Confidence in urban cycling 0.122 0.039 3.121 .002 ** 

Bicycle proficiency 0.228 0.040 5.658 .000 ***  

Multiple R-squared:  0.185,  Adjusted R-squared:  0.180 

AIC: 2143.60   
LL Ratio test ʔ2(9)=4445.36 ***  
3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ 

   

The defined sub-groups of potential cyclists can be mainly characterized by the 

ÉÎÄÉÖÉÄÕÁÌÓȭ ÐÒÏÐÅÎÓÉÔÙ ÔÏ ÃÈÁÎÇÅ ÔÏ ÂÉÃÙÃÌÅ, when a set of pointed motivators 

would become a reality. It is considered that the ones with a lower propensity are 

farther to become cyclists than the ones with a higher propensity, which are closer 

to a behavioral change. The Pessimists, Optimists and Enthusiasts sub-groups of 

the population of potential cyclists may also be described by the following 

characteristics, in an ascending order (Pessimists > Optimists > Enthusiasts): 

¶ Younger 

¶ Have room to store a bicycle at home 

¶ Do not live without difficulties 

¶ Higher availability of a bicycle at the household 

¶ Lower availability of a car at the household 

¶ Could give up on having a car 

¶ Less use of car as a primary transport mode 

¶ More confident when cycling in urban areas 

¶ Less bicycle inexperienced 

¶ Less probability of not riding a bicycle in the childhood 

¶ More familiar and confident in performing bicycle related operations 

¶ Like to take risks 

¶ Like being outdoors 

¶ Identification as an adventurous person 

¶ Do not like routines 

In the following section, a set of binary logit regressions are presented that model 

the potential influence of motivators and triggers to bicycle on the probability of  

membership to each class of bicycle behavior change.  
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 Impact  of motivators and  triggers to bicycle on the  5.2.

membership to  stages of behavior  change 

For this part of the research, and inspired on the literature as previous referred, a 

set of binary logistic regression models were performed to associate motivators 

and triggers to bicycle with  the membership of classes of behavior change towards 

cycling. 

 Assumptions for  binary logit regression models  and their 5.2.1.

calibration parameters  

Binary Logistic Regression is a method of data analysis used to find the 

relationship between the variables response (Y) that is binary or dichotomous 

with predictor variable s (X) which can be categorical or continuous (Hosmer & 

Lemeshow, 1998). For an outcome Y and independent variables (covariates) X1, X2, 

ȣȟ Xp, the logistic regression model assumes that:  

 

The parameters of the logistic regression are the regression coefficients ɼ0, ɼ1ȟȣȟ ɼp, 

and these are usually estimated by the method of maximum likelihood. Each pair of 

observation is assumed to be independent, thus the likelihood function is a 

combination of each distribution function for each pair. The significance of the 

parameter can be tested with the Wald test. 

In binary logistic regressions, it is required that the dependent variable is binary, 

and the factor level 1 of the dependent variable should represent the desired 

outcome, for a better interpretation of the results. The independent variables 

should be independent of each other, that is, the model should have little or no 

multicollinearity.  The logistic regressions require a large sample size. A rule of 

thumb is: for p as the smallest of the proportions of negative or positive 

observations in the population and k the number of independent variables, then 

the minimum number of cases to include in the model should not be less than 

10*k/ p. 

Accuracy 

The most basic diagnostic of a logistic regression is predictive accuracy. When 

tabulating the classification of observed and predicted values (Table 5.6), the 

number of the observed zeros that were correctly predicted as zero are the True 

Negatives (TN), and the number or observed ones that were correctly predicted as 

one are the True Positives (TP). The accuracy is the percentage of cases correctly 

classified, and is measured by the sum of the trues by the total of observations, 

correctly or incorrectly predicted, as (TP + TN)/(TP + FP + TN + FN)ȟ ×ÈÅÒÅ Ȱ&0ȱ 

ÁÒÅ &ÁÌÓÅ 0ÏÓÉÔÉÖÅÓ ÁÎÄ Ȱ&.ȱ ÁÒÅ &ÁÌÓÅ .ÅÇÁÔÉÖÅÓ. Sensitivity is defined as TP/(TP + 

FN), while the specificity by TN/(FP + TN). 

ὖὣ= 1  ὢ1,ὢ2,ȣ,ὢὴ =  
exp(‍0 + ‍1ὢ1 + Ễ+ ‍ὴὢὴ)

1 + exp(‍0 + ‍1ὢ1 + Ễ+ ‍ὴὢὴ)
 



Modeling the self-assessed propensity to bicycle in an LCM city 

94 

Table 5.6 ɀ Cross tabulated classification of observed and predicted class  

 Predicted 0  Predicted 1  
Observed 0 True Negative (TN) False Positive (FP) 
Observed 1 False Negative (FN) True Positive (TP) 

 

But the imbalanced proportion of data may cause bias in the estimation of the 

parameters of the binary logistic regression, especially when the estimation 

procedure is carried out by maximum likelihood estimation (King & Zeng, 2001). 

In this case, the Hessian matrix used in the estimation will be small and the 

estimated parameters are biased. Dealing with imbalance response proportion, the 

use of 0.5 as a standard threshold for assigning the predictive classification 

becomes unfair to the probability of each class. 

ROC curve 

The Receiver Operating Characteristics (ROC) curve explains the ÍÏÄÅÌȭÓ 

performance by evaluating sensitivity vs specificity. Using the proportion of 

positive observations that are correctly classified as positive and the proportion of 

negative observations that are mistakenly considered as positive, it is possible to 

generate a graphic that shows the trade-off between the rates at which we can 

correctly predict something (sensitivity)  with the rate of incorrectly predicting 

something (specificity) . The area under the ROC curve (AUC), also known as Area 

Under the Receiver Operating Characteristics (AUROC), assesses how good is the 

model, in a more fair way than the accuracy, because it does not rely only on the 

0.5 threshold, but in all possible pairs of specificity (proportion of TN) and 

sensitivity (proportion of TP) . AUROC ranges from 0.5 to 1, with 1 corresponding 

to a perfect discrimination, and 0.5 corresponding to a model with no 

discrimination ability. The area under the ROC curve is also sometimes referred to 

as the c-statistic (c for concordance). Area under the ROC Curve is an index of 

accuracy. The higher the area under the curve is, the better the prediction power of 

the model is. 

 
Figure 5.12 ɀ Example of a ROC curve (from binary logit m odel 2-4) . 
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The p-value of the Mann-Whitney U statistic test (or Wilcoxon or Kruskall-Wallis 

test) can safely be used to test whether the AUC differs significantly from 0.5 (S. J. 

Mason & Graham, 2002). 

Odds-Ratio 

Another important parameter in the logistic regression is the odds ratio. By 

deduction, the independent variables are linearly related to the log odds. Then, by 

exponentiatin g the coefficients we get the odds-ratio: the ratio of the probability of 

the outcome being one, divided by the proÂÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÏÕÔÃÏÍÅ ÂÅÉÎÇ ÚÅÒÏȢ ,ÅÔȭÓ 

imagine a binary logit model of the probability to become a cyclist (1) vs. the 

probability of not becoming cyclists (0), after offering bicycles to a population. An 

output odds-ratio equal to 2 means that the probability of one becoming a cyclist 

when receiving a bicycle is 2 times higher than the probability of not becoming a 

cyclist (not change). It can also be said that if the output odds-ratio was of 0.4, the 

probability of not becoming a cyclist is (1/0.4 = 2.5) 2.5 times more than the 

probability of becoming a cyclist. If another offer was made to this population that 

could be measure with  a continuous variable (for instance, hours of bicycle 

practice), an output odds-ratio of 3 for this variable would mean that for each 

marginal hour (one unit increase) of practice, the odds of becoming a cyclist 

(versus not changing) would increase by a factor of 3. 

Wald Test 

The Wald test is used to evaluate the statistical significance of each coefficient in 

the model and is computed by taking the ratio of the square of the regression 

coefficient to the square of the standard error of the coefficient. The idea is to test 

the hypothesis that the coefficient of an independent variable in the model is 

significantly different from zero. If the test fails to reject the null hypothesis, this 

suggests that removing the variable from the model will not substantially harm the 

fit of that model. 

Log-Likelihood Ratio test  

The Log-Likelihood Ratio test is performed by estimating two models and 

comparing the fit of one model to the fit of the other. The test compares the log 

likelihoods of two models, and if this difference is statistically significant, then the 

less restrictive model (the one with more variables) is said to fit the data 

significantly better than the more restrictive model. The resulting test statistic is 

distributed chi-squared, with degrees of freedom equal to the number of 

parameters that are constrained. In this research, the tested null hypothesis (H0) is 

that an intercept-only model is correct, which corresponds to a model with all 

ÄÅÐÅÎÄÅÎÔ ÖÁÒÉÁÂÌÅÓȭ ÃÏÅÆÆÉÃÉÅÎÔÓ ÅÑÕÁÌ ÔÏ ÚÅÒÏȢ )Æ ÔÈÅ Ð-value of the chi-squared 

statistic is <0.05, we can reject the H0. 
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Pseudo-R2 

Unlike linear regression with ordinary least squares estimation, there is no R2 

statistic which explains the proportion of variance in the dependent variable that is 

explained by the predictors, for the binary logistic models. However, there are a 

number of pseudo R2 metrics that could be of value, such as McFadden's pseudo R2, 

Maximum likelihood pseudo R2 (Cox & Snell), Cragg and Uhler's or Nagelkerke's R2. 

But normally R2 metrics are not good parameters to present on a summary of fitted 

logistic models, as recommended by Hosmer & Lemeshow (1998, p. 164), because 

they are based on various comparisons of the predicted values from the fitted 

model to those from the base model, the no data or intercept only model and, as a 

result, do not assess goodness-of-fit. The same authors conclude that a true 

measure of fit is one based strictly on a comparison of observed to predicted 

values from the fitted model. For this reason, the model summaries presented on 

the next sub-section of this research do not include the pseudo-R2 metrics. 

Nevertheless, this metrics can be found in the supporting materials. 

Hosmer-Lemeshow Test 

Another approach to determining the goodness of fit of a model is through the 

Homer-Lemeshow statistics, which is computed on data after the observations 

have been segmented into groups (g=10), based on having similar predicted 

probabilities and comparing the predicted probabilities and observed proportions. 

This test examines whether the observed proportions of events are similar to the 

predicted probabilities of occurrence in subgroups of the data set using a Pearson 

chi square test. The null hypothesis holds that the model fits the data. Small values 

with large p-values indicate a good fit to the data while large values with p-values 

below 0.05 indicate a poor fit. For the following regression models, the Homer-

Lemeshow test was computed for a size of segmented groups (g) between 5 and 

ρπȟ ÁÎÄ ÔÈÅ ÔÅÓÔ ÒÅÓÕÌÔÓȭ ÃÏÎÃlusions remained unchanged. 

 Methodology and used variables  5.2.2.

To model the self-assessment of propensity to bicycle, data were prepared 

considering only the binary dependent variable, corresponding to the pair of 

sequential classes (Pessimist, Optimist, Enthusiast, and Cyclist), and the most 

important motivators to change to cycling, as indicated by the participants. 

Respondents who stated that nothing would make them change to bicycle ɀ similar 

ÔÏ ÔÈÅ Ȱ.Ï 7ÁÙ-.Ï (Ï×ȱ ÃÌÁÓÓ ÄÅÆÉÎÅÄ ÂÙ 'ÅÌÌÅÒ (Geller, 2006) ɀ were not included 

in the behavior change modelȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÒÅÓÐÏÎÄÅÎÔÓ ×ÈÏ ÓÔÁÔÅÄ Ȱ) ÈÁÖÅ ÎÏ 

ÉÄÅÁȱ ×ÈÅÎ ÁÓËÅÄ ÁÂÏÕÔ ÔÈÅÉÒ ÐÒÏÐÅÎÓÉÔÙ ÄÏ ÃÈÁÎÇÅ ÂÅÈÁÖÉÏÒ. Also, a sub-group of 

Recent Cyclists was created to distinguish these cyclists from the first  cyclists 

(pioneers), and will be used on the modeling process. This is mainly because the 

potential cyclistsȭ ÒÅÓÐÏÎÄÅÎÔÓ were in a similar build-environment and cycling 

oriented policies than the cyclistsȭ ÒÅÓÐÏÎÄÅÎÔÓ that changed behavior in the year 

prior the survey was taken (due all the improvements that took place in Lisbon 
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during 2017-2018, as explored on section 3.2), and should not be consider as the 

same. 

Table 5.7 recalls the rule defined to classify the observations and labels the sub-

groups of respondents that were selected to be modeled, comparing them with the 

ones that are not being modeled. 

Table 5.7 ɀ Group, rule and count for the defined classes.  

Group Class label Rule Freq. % 
Non-Cyclists Non-Cyclists (00) Nothing would make me change 41 4 
Potential-Cyclists Potential-Cyclists, all  725 67 

 I have no idea 28 3 
Pessimists (0)  Change degree < 50 79 7 
Optimists (1)  Change degree >= 50 & <100 259 24 
Enthusiasts (2) Change degree = 100 359 33 

Cyclists Cyclists, all (3)  313 29 
 Recent Cyclists (4) Cyclists for less than 1 year 87 8 
 (First) Cyclists Already cycling for more than 1 year 226 21 
  Total 1079 100 

Reminding the way the question was asked ɀ i.e. ȰIf these motivators became a 

reality, how likely it was that the respondent would start riding a bicycleȱ ɀ, it is 

assumed that policies and initiatives that meet these needs (motivators) are the 

ones that policy makers should take into account in order to raise cycling levels, 

potentially . The binary logit models estimate the probability of belonging to each 

class by assessing the impact of each variable (motivators), when 

presenting/having those corresponding policies or not. All the independent 

variables are the set of possible motivators and corresponding triggers (see B.6 - 

Tables of correspondence of survey lists of answers, in the supporting materials), 

and are binary variables, with 1 when that motivator/trigger was chosen (Ȱit 

would make me bicycleȱ), and 0 when it was not chosen. 

Table 5.8 describes the variable associated with the variable code presented in the 

ÍÏÄÅÌÓȭ ÓÕÍÍÁÒÉÅÓȟ ÁÎÄ Table 5.9 shows the statistics of the top 3 chosen 

motivators (=1) that would make Non-Cyclists shift to bicycle, and the top 5 chosen 

triggers that made Cyclists start bicycling. 

Table 5.8 ɀ Description  of the variables included on the final models.  

Variable  code Long description  Short description  

BikeBuddy Be accompanied during the first trips Cycling coach 

BikeEOwn Own an electric bicycle Own an electric bike 

BikeRoom Have room to store a bike at home Room to store a bike at home 

BikeShare Existence of a bike-sharing system Bike-sharing system 

Clothing Work clothes became compatible with 
cycling 

Clothing compatible to work 

CyclingNetwork Expansion of the cycling network, such as 
bike paths, bike lanes & sharrows 

Cycling network expansion 
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Variable  code Long description  Short description  

DistanceCloser Live closer to work/school/living place Shorter commuting distance 

EmployerIncentives Employer-based incentives for bicycle 
adoption (financial or paid time off) 

Employer incentives 

Friends Friends/family/colleagues regularly ride 
bicycles 

Friends influence 

HealthNeed Riding a bicycle became necessary for my 
health 

Need to improve health 

LearnRide Learn how to ride a bicycle Learn to ride a bike 

LearnUrbRide Take biking lessons for urban cycling Biking lessons for urban cycling 

Parking More bike racks and parking Bike parkings 

PublicTransitBikes Public transportation system easily 
accommodate bicycles 

Carry bicycles on public transit  

SpeedLowerTraffic General reduction of speed of car traffic Reduction of traffic speed 

Note: Refer to appendix B for a description of the non-included variables on the final regression models. 

 

Table 5.9 ɀ Descriptive statistics of the variables included on the final models, for each group of 
potential cyclists and cyclists.  

  Pessimists Optimists  Enthusiasts  
Recent 
Cyclists 

Group size 79 257 359 87 

Variable  n % n % n % n % 

BikeBuddy 6 8 14 5 14 4 0  

BikeEOwn 16 20 53 20 76 21 5 6 

BikeRoom 15 19 42 16 46 13 2 2 

BikeShare 6 8 24 9 60 17 14 16 

CyclingNetwork 8 10 92 36 148 41 35 40 

Clothing 8 10 24 9 17 5 1 1 

DistanceCloser 25 32 63 24 93 26 7 8 

EmployerIncentives 6 8 22 8 46 13 0 
 

Friends 2 3 5 2 7 2 19 22 

HealthNeed 1 1 6 2 6 2 27 31 

LearnRide 12 15 13 5 13 4 1 1 

LearnUrbRide 8 10 31 12 19 5 5 6 

Parking 5 6 14 5 35 10 0 
 

PublicTransitBikes 7 9 34 13 69 19 1 1 

SpeedLowerTraffic 6 8 30 12 41 11 2 2 

Note: This table presents the chosen motivators that would make Non-Cyclists shift 

to bicycle (top 3), and the chosen triggers that made Cyclists start bicycle (top 5). 

Refer to appendix C.1 for a description of the non-included variables on the final 

regression models. 

The methodological procedure was followed to find the best model, among each 

sequential class pair, as follows: 

1. A first model with all the 33 dependent variables included. 

2. A procedure with the backward stepwise method (Field, 2009), to estimate 

the most parsimonious model with a lowest AIC, by removing variables. 
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3. Variables with non-significant coefficients (Wald test p-value<0.1) were 

removed. 

4. Variables relating the same dimension (e.g.: Own an urban bicycle, Own an 

electric bicycle) were removed to avoid multicollinearity , keeping the one 

with higher explanatory power (refer to the independent variables 

correlation matrixes in supporting materials: Figure C.21 to Figure C.24). 

5. If still too many variables were present in the model, a more parsimonious 

model was seek by applying a stricter criteria for statistical significance of 

variables, by removing the variables with coefficients not significant (Wald 

test p-value<0.05), and removing variables with  Odds-Ratio close to 1. 

6. Interpret the model results, in particular the odds-ratio of each variable, 

and the constant signal power and significance. 

7. Proceed to assess the overall model fit parameters. 

Data were statistically computed using R software, a tool to run the binary logit 

models, with the MASS, pROC, lmtest, pscl, and ResourceSelecion packages. 

 Models of belonging ness to stages of bicycling behavior  change 5.2.3.

A set of binary logistic regression models were performed to associate motivators 

and triggers with the membership of classes of behavior change towards cycling. 

The classes of stages were the dependent variables, comparing each class with the 

immediate next class, and the motivators and triggers as the independent variables 

in binary scale, where 1 means that that factor was chosen as a top relevant one, 

and 0 that it was not. 

The summary tables of the binary logit regression model results, for the 

membership of each stage, can be read as follows: 

¶ Specificity of the model on the header: to belong to which stages and in 

which direction (0-1); 

¶ The number of observations that are modeled in each class (0 and 1); 

¶ A first part, presenting the outputs of the model, such as: 

o the variables included in the final regression; 

o the B coefficients (or Log OR) of the model for the constant and for 

each variable; 

o the standard error;  

o the z-value for the Wald test for each variable, its corresponding p-

value, and the significant code; 

o the Odds-Ratio (OR) for each variable, as the exponential of the B 

coefficient10; 

o the inverted OR (1/OR) for each variable with negative coefficient, 

except for the constant ɀ unless stated; 

                                                        
10 From mathematical deduction for binary logit models. 
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o the lower and upper values of the OR, for a confidence interval of 

95%; 

¶ A second part with the overall model fit and ROC curve analysis: 

o number or observations included in the model (n), and the number 

of observations in each stage; 

o the Akaike information criterion  (AIC) of the model; 

o the AIC of a model with all the variables included (unrestricted); 

o the log-likelihood (LL) of the model; 

o the LL of the unrestricted model (LL i); 

o the LL of the null model (LL null); 

o ÔÈÅ ,, ÒÁÔÉÏ ÔÅÓÔȟ ÃÈÉ ÓÑÕÁÒÅ ɉʔ2) with respective degrees of freedom 

in brackets, and its corresponding significant code; 

o the area under the ROC curve (AUROC), and its corresponding 

significant code from the Wilcoxon rank-sum test; 

o the AUROC of an unrestricted model (AUROC i), and its 

corresponding significant code; 

¶ The result of the Hosmer-Lemeshow test, for g=10; 

¶ Notes for interpreting results. 

Model for 2 classes (Non-Cylists :Cyclists) 

To compare the probability of belonging to the Non-Cyclists and Cyclists large 

groups regarding the motivators and triggers to bicycle, a first model was 

computed, and the respective summary is presented in Table 5.10. 

 
Table 5.10 ɀ Binary logit model summary: membership of Non -Cyclists and Cyclists, with all 

respondents included.  

Model NC-C: Non-Cyclist vs. Cyclist (all)  
     

Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant -0.470 0.135 -3.471 .001 ***  0.63 
 

0.48 0.81 
Parking -2.774 0.777 -3.569 .000 ***  0.06 16.02 0.01 0.24 
Showers -2.349 0.581 -4.046 .000 ***  0.10 10.48 0.03 0.27 
SpeedLowerTraffic -1.976 0.521 -3.791 .000 ***  0.14 7.21 0.05 0.36 
LearnRide -1.828 0.654 -2.795 .005 ** 0.16 6.22 0.04 0.50 
Clothes -1.661 0.596 -2.788 .005 ** 0.19 5.26 0.05 0.56 
BikeRoom -1.614 0.402 -4.018 .000 ***  0.20 5.02 0.09 0.42 
StopChildren -1.587 0.535 -2.969 .003 ** 0.20 4.89 0.06 0.53 
PublicTransitBikes -1.560 0.359 -4.349 .000 ***  0.21 4.76 0.10 0.41 
BikeEOwn -1.516 0.359 -4.226 .000 ***  0.22 4.55 0.10 0.43 
DistanceCloser -1.485 0.276 -5.388 .000 ***  0.23 4.42 0.13 0.38 
LearnUrbRide -1.043 0.462 -2.259 .024 * 0.35 2.84 0.13 0.83 
BikeShare -0.939 0.329 -2.853 .004 ** 0.39 2.56 0.20 0.73 
MoveWork 0.824 0.312 2.637 .008 ** 2.28 

 
1.23 4.20 

PTransportRise 0.984 0.477 2.064 .039 * 2.68 
 

1.06 7.00 
BikeOwn 1.241 0.255 4.873 .000 ***  3.46 

 
2.11 5.73 

GasRise 1.652 0.598 2.761 .006 ** 5.22 
 

1.62 17.12 
Friends 2.444 0.373 6.544 .000 ***  11.52 

 
5.71 24.84 

CampaignsAdvocacy 2.808 1.171 2.399 .016 * 16.58 
 

2.38 348.34 
HealthNeed 2.847 0.362 7.864 .000 ***  17.23 

 
8.75 36.44 
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Sample size (n) 1079 
    

  
  Non-Cyclists (0) 766         

Cyclists (1) 313         
AIC 810.29 

 
AIC i 698.67 

 
  

  LL -385.14 
 

LL i -316.33 
    

 
LL null -649.80 

 
  

    
 

LL Ratio test ʔ2(19)=529.32 ***  
  

    
 

Accuracy 0.849 
 

Acc. i 0.837 
    

 
AUROC 0.892 ***  AUROC i 0.930 ***  

    Hosmer-Lemeshow test H0 not rejected       
3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

The results provide similar insights to the findings from the comparison of Non-

#ÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓ ÁÎÄ #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓ ɉFigure 4.6 ɀ Comparison of the triggers 

and motivators to cycling between Cyclists and Non-Cyclists, ranked according to 

the relevance ÏÆ #ÙÃÌÉÓÔȭÓ ÔÒÉÇÇÅÒÓ.). The variables with higher odds-ratio are the 

ones that differentiate more the relevance given to each factor, between Cyclists 

and Non-Cyclists. For instance, the heath interest, that was a very relevant trigger 

for Cyclists but not relevant for Non-Cyclists, shows up in the model with an odd-

ratio of 17:1, meaning that for an individual with  an interest to bicycle in order to 

improv ing his health, the likelihood of being a Cyclist is 17 times higher than being 

a Non-Cyclist, when controlling for all other factors. The model presents a good fit 

(AUROC of 89%) and validates the findings from the previous section.  

Models for 4 classes (Pessimists-Optimists -Enthusiasts-Recent Cyclists) 

The tables bellow summarize the binary logit regression model results, for the 

membership of each stage: Pessimist vs. Optimist (Table 5.11), Optimist vs. 

Enthusiast (Table 5.12), and Enthusiast vs. Cyclist (Table 5.13). 

Table 5.11 shows the results of odds ratio estimations for the binary logit 

ÒÅÇÒÅÓÓÉÏÎ ÍÏÄÅÌ ÆÏÒ 0ÅÓÓÉÍÉÓÔÓ ÁÎÄ /ÐÔÉÍÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȢ 4ÈÅ ÍÏÄÅÌ ÁÌÌÏ×s for 

the identification of variables with a strong impact on Pessimist and Optimist 

membership. Recalling the classes of change as a transition process towards 

cycling, an odds-ratio that is greater than 1 indicates that the concerned 

explanatory variable leads to a higher likelihood of cycling and vice versa. In this 

context, the odds-ratios were interpreted as the likelihood that an individual 

belongs from the current stage of cycling behavior to the next after a one unit 

change in a predicting variable (the scenario of that motivator becoming a reality). 

When the ORs are high in both directions, there is a relatively strong impact of the 

variable within each group, when controlling for all other variables. 

Because the data is unbalanced it is not prudent to draw any firm conclusion about 

the interpretation  of the constant, whether regarding its signal or magnitude. For 

the same reason, thinking of the perspective of modeling Optimists to Pessimists 

membership (negatively), the ÃÏÎÓÔÁÎÔȭs odds-ratio from a negative data frame 

cannot also be assumed as the inverted odds-ratio of this model constant. 
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Table 5.11 ɀ Binary logit m odel summary : membership of  0ÅÓÓÉÍÉÓÔÓ ÁÎÄ /ÐÔÉÍÉÓÔÓȭ classes. 

Model 0-1: Pessimist vs. Optimist   
     Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant 0.965 0.152 6.371 .000 ***  2.63 
 

1.96 3.56 

LearnRide -1.043 0.434 -2.403 .016 * 0.35 2.84 0.15 0.83 
CyclingNetwork 1.524 0.397 3.840 .000 ***  4.59 

 
2.22 10.76 

Sample size (n) 338 
        Pessimists (0) 79 (23%)         

Optimists (1) 258 (77%)         
AIC 346.25 

 
AIC i 389.60 

     LL -170.13 
 

LL i -160.8 
     LL null -183.78 

        LL ratio test ʔ2(2)=27.32 ***  
       AUROC 0.655 ** AUROC i 0.737 ***    

   Hosmer-Lemeshow test: H0 not rejected 
 

     3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

This model only retrieved two significant variables, out of a set of 33 motivators. 

The model reveals that respondents who would bicycle on the condition that there 

is an available or expanded cycling network show a higher likelihood of being in 

the Optimist stage rather than the Pessimist stage. On another hand, the 

respondents who would bicycle if they would lean to ride a bike are more likely to 

be a Pessimist than an Optimist. These findings are as expected. People that do not 

know how to ride a bike are farther to become a cyclist and are more likely to be 

ÐÌÁÃÅÄ ÏÎ ÁÎ ÅÁÒÌÉÅÒ ÓÔÁÇÅ ÏÆ ÃÈÁÎÇÅȟ ÉÎ ÔÈÉÓ ÃÁÓÅȟ ÔÈÅ Ȱ0ÅÓÓÉÍÉÓÔȱ class. The safety 

concerns are very common for people who are interested or curious in cycling but 

are afraid to do so. It is not surprising that the need of a bicycle infrastructure 

shows up as a relevant factor of the membership of the early stages of change. 

The model results summarized in Table 5.12 show that the following factors may 

lead to higher likelihood of being in the Enthusiast stage compared to Optimist: 

bike-sharing system, bike parking facilities, and carry bicycles in public transit . The 

nature of these factors is related to the availability of infrastructure and facilities, 

although not essential to bicycle, they are very complementary, which could make 

a difference for this group of respondents to start bicycling. Moreover, employer-

based incentives for bicycle adoption (financial or paid time off) is also identified  

as a relevant motivator that would increase the probability of being an Enthusiast, 

when compared to an Optimist. On the other hand, cycling training for urban 

cycling is associated with a lower likelihood of belonging to the Enthusiast class. 

This may be reasonable due to the fact that people closer to become a cyclist may 

not need cycling training, and the ones in an earlier stage might not feel confident 

enough to bicycle in an urban environment (with the traffic) and thus need to take 

biking lessons for this purpose. The need of clothing compatible to both cycling 

and work is also associated to a higher likelihood of belonging to the Optimist 

class. 
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Table 5.12 ɀ "ÉÎÁÒÙ ÌÏÇÉÔ ÍÏÄÅÌ ÓÕÍÍÁÒÙȡ ÍÅÍÂÅÒÓÈÉÐ ÏÆ /ÐÔÉÍÉÓÔÓ ÁÎÄ %ÎÔÈÕÓÉÁÓÔÓȭ ÃÌÁÓÓÅÓȢ 

Model 1-2: Optimist vs. Enthusiast  
     

Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant 0.158 0.114 1.391 .164  0.85  0.66 1.09 

LearnUrbRide -0.736 0.310 -2.373 .018 * 0.48 2.09 0.26 0.87 
Clothing -0.676 0.337 -2.010 .044 * 0.51 1.97 0.26 0.98 
PublicTransitBikes 0.468 0.233 2.011 .044 * 1.60  1.02 2.54 
EmployerIncentives 0.545 0.280 1.947 .052 . 1.72  1.01 3.03 
Parking 0.693 0.332 2.085 .037 * 2.00  1.06 3.95 
BikeShare 0.707 0.262 2.702 .007 ** 2.03  1.23 3.44 

Sample size (n) 618 
    

  
  Optimists (0) 259 (42%)         

Enthusuasts (1) 359 (58%)         
AIC 823.04 

 
AIC i 850.35 

 
  

  LL -404.52 
 

LL i -391.18 
     LL null -420.24 

        LL ratio test ʔ2(7)=31.43 ***  
       AUROC 0.620 ***  AUROC i 0.678 ***          

Hosmer-Lemeshow test: H0 not rejected 
 

     3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ 

ConsiÄÅÒÉÎÇ ÔÈÅ ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ %ÎÔÈÕÓÉÁÓÔÓȭ ÁÎÄ RÅÃÅÎÔ #ÙÃÌÉÓÔÓȭ membership (Table 

5.13), the model presents a good quality of fit (AUROC = 86%). It is noticeable the 

magnitude of the model coefficients, suggesting that Enthusiasts have very 

different perspectives of what would make them bicycle, when comparing to the 

triggers that led Recent Cyclists to take up cycling. Respondents who depend on 

the possibility  to carry a bicycle in public transit and the general reduction of car 

traffic  speed are 22 and 10 times more likely to be Enthusiasts than to become 

cyclists, respectively. The absence of room to store a bike at home, the lack of an 

electric bicycle, and the need to live closer to work/school in order to change to 

cycling are more likely to decrease the likelihood of being ÉÎ 2ÅÃÅÎÔ #ÙÃÌÉÓÔÓȭ ÓÔÁÇÅ 

ÁÓ ÃÏÍÐÁÒÅÄ ÔÏ ÂÅÉÎÇ ÉÎ ÔÈÅ %ÎÔÈÕÓÉÁÓÔÓȭ ÓÔÁÇÅ ɉalso factors with an OR lower than 

1). 
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Table 5.13 ɀ "ÉÎÁÒÙ ÌÏÇÉÔ ÍÏÄÅÌ ÓÕÍÍÁÒÙȡ ÍÅÍÂÅÒÓÈÉÐ ÏÆ %ÎÔÈÕÓÉÁÓÔÓȭ ÁÎÄ ÒÅÃÅÎÔ #ÙÃÌÉÓÔÓȭ ÃÌÁÓÓÅÓȢ 

Model 2-4: Enthusiast vs. recent Cyclist  
    Included (final)  B Std.Err. z value p-value  sig OR 1/OR OR (IC-95%)  

Constant -1.120 0.182 -6.150 .000 ***  0.33 0.00a 0.23 0.46 
HealthNeed 3.170 0.575 5.512 .000 ***  23.80 

 
8.41 83.10 

Friends 2.738 0.579 4.732 .000 ***  15.45  5.26 52.45 
DistanceCloser -1.343 0.459 -2.924 .003 ** 0.26 3.83 0.10 0.60 
BikeEOwn -1.560 0.548 -2.846 .004 ** 0.21 4.76 0.06 0.56 
BikeRoom -1.919 0.822 -2.334 .020 * 0.15 6.82 0.02 0.58 
SpeedLowerTraffic -2.337 1.019 -2.293 .022 * 0.10 10.35 0.01 0.50 
PublicTransitBikes -3.100 1.080 -2.869 .004 ** 0.05 22.19 0.00 0.24 

Sample size (n) 446 
    

  
  Enthusuasts (0) 359 (80.5%)         

Recent Cyclists (1) 87 (19.5%)         
AIC 302.03 

 
AIC i 201.07 

 
  

  LL -143.02 
 

LL i -66.54 
    

 
LL null -220.10 

 
  

    
 

LL ratio test ʔ2(7)=154.16 ***  
      

 
AUROC 0.862 ***  AUROC i 0.978 ***        

Hosmer-Lemeshow test: H0 not rejected 
 

     3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. 
a Odds-ratio computed for an matrix where the 0 were replaced by 1 and the 1 were replaced by 0, modeling 

the probability to change from recent Cyclist to Enthusiast. 

It is interesting to note that the primary factors that Enthusiasts say would prompt 

them to bicycle are different than the Optimists. The Enthusiasts are not as 

concerned with the availability of hard cycling infrastructure and equipment, but 

rather have practical concerns. For them, single deterrents can be challenging 

barriers, such as the inability to take a bike on transit to complete a leg of their 

commute, or lack of room to store a bike at home. For this group of people, the 

access to bicycle infrastructure would not be enough to fix their problem. 

On another hand, if riding a bicycle became necessary to improve heath or if 

having friends and colleagues that influence to ride a bicycle, it is 23 and 15 times 

more likely to be a cyclist than an Enthusiast, respectively. These results seem 

reasonable: if someone does not have friends or colleagues who encourage her to 

bicycle and is not concerned with improving personal heath, that person is less 

likely to become a cyclist. In the end, an individuÁÌȭÓ ÓÏÃÉÁÌ ÃÏÎÔÅØÔ ÁÎÄ ÐÅÒÓÏÎÁÌ 

concerns and attitudes provide a final push to change behavior and take up cycling. 

The results for the Recent Cyclists are in line with previous studies. In a research 

carried out by Sherwin et al. (Sherwin, Chatterjee, & Jain, 2014), in which they 

assessed the role of social influence to bicycle, by comparing non-regular and new 

regular bicyclists, they found social influence to be the dominant factor for a 

minority of the cases where participants started bicycling recently. These results 

also suggest that social processes could be harnessed to improve the efficacy of 

bicycling promotion programs, on the closer or later stages of bicycle adoption. 
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 Discussion and  conclusions from modeling transition to 5.3.

bicycle  

Assuming that potential cyclists have assigned a probability to changing behavior 

directly proportional to how Ȱcloseȱ they are to becoming cyclists, we can say that 

Pessimists are at an early stage of change, and Enthusiasts position themselves at a 

more advanced stage in the transition  process of change. 

A graphical representation of the most relevant findings from the modeling 

process is presented in Figure 5.13. In this diagram, the transition between stages 

is represented by the classes of potential cyclists, displayed in a sequential order, 

towards becoming cyclists, being the Pessimists farther and Enthusiasts closer to 

change to cycling. 

 

Figure 5.13 ɀ Graphical relation of the binary logit regression models results, on a transition stages to 
change behavior towards cycling.  

The boxes between the classes include the variables and respective positive odds-

ratio, from the binary model results, followed by the variables with inverted odds-

ratio that have positive influence on the opposite direction (their OR were inferior 

to 1). The explanatory factors between behavioral stages can be interpreted  as 

follows: 

¶ Ȱ)Æ ) ÎÅÅÄ ɍpositive  item] to make me bicycle, the probability to be a/an 

[right -side class ->] is [odds-ratio] higher than the probability of being a/an 

[ left -side class <-].ȱ 

¶ Ȱ)Æ ) ÎÅÅÄ ɍnegative  item] to make me bicycle, the probability to be a/an 

[ left -side class <-] is [odds-ratio] higher than the probability of being a/an 

[right -side class ->].ȱ 
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Based on this description we can, for instance, build these sentences as findings 

from the model process, as the following examples illustrate :  

¶ ȰIf I need the cycling network expansion to make me bicycle, the probability 

of being an Optimist is 4.6 times higher than the probability of being a 

Pessimist. Or  

¶ Ȱ)Æ ) ÎÅÅÄ ÔÏ ÌÅÁÒÎ ÈÏ× ÔÏ ÒÉÄÅ Á ÂÉËÅ to make me bicycle, the probability of 

being a Pessimist is 2.8 times higher than the probability of being an 

/ÐÔÉÍÉÓÔȱȢ Or  

¶ Ȱ)Æ ) need room to store a bike at home to make me bicycle, the probability 

of being an Enthusiast is 6.8 times higher than the probability of being a 

#ÙÃÌÉÓÔȱȢ Or also,  

¶ Ȱ)Æ ) ÎÅÅÄ ÔÏ ÃÁÒÒÙ ÂÉÃÙÃÌÅÓ ÏÎ ÐÕÂÌÉÃ ÔÒÁÎÓÉÔ ÔÏ ÍÁËÅ ÍÅ ÂÉÃÙÃÌÅȟ ÔÈÅ 

probability of being an Enthusiast is 1.6 times higher than the probability of 

being an Optimist, and 22.2 times higher than the probability of being a 

Cyclist. 

Yet, if we think not ÁÂÏÕÔ ×ÈÁÔ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÎÅÅÄÓ but on how to provide the 

tools to eliminate or satisfy those needs, it can be said that people would have a 

higher probability to belonging to each subsequent stage if those needs were 

suppressed, in a transition process to change to cycling. The reverse direction can 

also be assumed, and understanding why people stop cycling (relapse) is also a 

critical question, although less of an issue in a LCM city, and not the focus of this 

research. 

As found in chapter four, the elimination of the barriers that one has to shift to 

bicycle are not necessarily correspondent to what would make one bicycle. Though 

this was verified for non-cyclists, that had similar  motivators and barriers, it was 

not for actual cyclists. In a policy making perspective to increase cycling levels with 

targeted policies for different  groups of potential-cyclists, a response to their 

claims should be provided. Asking non-cyclists what they need in order to start 

cycling and with which cert ain degree they would change, is a good base to inform 

the policy making process. This chapter analyzes and models the answers to those 

questions and summarizes a set of policies and measures that respond to those 

identified needs, for different  transition stages to change behavior towards cycling, 

by acknowledging the motivations of potential new cyclists and learn from current 

recent cyclists. 

Thinking of the Maslow pyramid, or Hierarchy of Needs (Figure 5.14), where the 

author outlines the base for the Theory of Human Motivation (Maslow, 1943), a 

parallel may be built over this theory, to summarize the results of the modeling 

process of needs to transition to bicycling. In the Theory of Human Motivation, the 

needs that motivate humans to act towards fulfilment of a need are arranged on a 

hierarchical approach, with the basic needs on the lower tiers that usually should 
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be fully satisfied prior to reach higher level ones leading motivation. Nevertheless, 

the theory was revised, and the author added that a need does not have to be 

completely satisfied to move onto the next need in the hierarchy (Maslow, 1954). 

Instead, the needs can be partially satisfied, which means that, in the end, an 

individual can pursue all five needs to some extent, at the same time. The most 

basic human needs, at the lowest levels of the pyramid, are physiological, followed 

by higher-order needs such as: safety, love, esteem, and self-actualization.  

Inspired by the -ÁÓÌÏ×ȭÓ Hierarchy of Needs, Singleton (2013) outlines the 

Hierarchy of Travel Needs (Figure 5.15), in which the author categorizes and ranks 

the personal, social, and environmental attributes that are hypothesized to drive 

the evaluative process of transportation decisions. The hierarchy defines 

characteristics of those needs, motivations, or intentions and attributes of 

alternatives that are of importance during travel decision-making, defining five 

general categories of needs as: feasibility, accessibility, safety and security, cost, 

and pleasure. 

  
Figure 5.14 ɀ -ÁÓÌÏ×ȭ (ÉÅÒÁÒÃÈÙ ÏÆ .ÅÅÄÓ (Maslow, 

1943) 11. 
Figure 5.15 ɀ 3ÉÎÇÌÅÔÏÎȭÓ (ÉÅÒÁÒÃÈÙ ÏÆ 4ÒÁÖÅÌ 

Needs (Singleton, 2013) . 

 

The Pyramid of Cycling Needs, based on Maslow's ÁÎÄ 3ÉÎÇÌÅÔÏÎȭÓ Pyramids of 

Needs and Travel Needs, was outlined, centered on the results of the modeling 

process of needs to transition to bicycling, placing the identified differentiating 

needs of Pessimists/Optimists, Optimists/Enthusiasts, and Enthusiasts/Cyclists by 

order of propensity to change to cycling (Figure 5.16). It is arranged in six tiers, 

corresponding to each negative and positive set of needs for each pair of stages, 

and is described as follows. 

                                                        
11 Retrieved from https://medium.com/@jnnielsen/inverting -maslows-hierarchy-b2c32156f091 
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Figure 5.16 ɀ 0ÙÒÁÍÉÄ ÏÆ ÎÅÅÄÓ ÔÏ ÃÈÁÎÇÅ ÔÏ ÃÙÃÌÉÎÇȟ ÂÁÓÅÄ ÏÎ ÔÈÅ ÍÏÄÅÌÓȭ ÒÅÓÕÌÔÓȢ 

The base of the pyramid represents the most fundamental things that need to be in 

place before people can adopt cycling. Learning how to ride a bike is the initial, 

most basic step. Without knowing how to bike in the first place, people cannot ever 

grow into regular cyclists.  

The second tier of the pyramid represents the next most basic needs potential 

cyclists have. For the potential cyclists, if the built environment facilitates cycling, 

by reducing the safety concerns, they are much more likely to become cyclists. This 

includes protected bicycle paths, bike lanes, etc. 

Layer three represents the third level of need identified by potential cyclists. These 

potential cyclists are not confident in cycling in the city, either because they feel 

they lack the skills or believe it is dangerous, or both. These respondents indicated 

that training or bike lessons specific to urban cycling would greatly influence 

whether or not they become cyclists. Not with less relevance is a practical need 

related with clothing. For this segment of potential-cyclists, not to be worried if the 

working clothes are compatible or not with cycling would make them closer to 

bicycle. 

Tier four represents the complementary equipment and practical amenities. These 

include the bike-sharing system, the availability of public bike racks, the ability to 
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take bikes on transit, and employer incentives. Most of the time, these are added 

conveniences that make biking more accessible, but nonetheless, could make the 

difference between whether or not people do or do not end up becoming regular 

cyclists. In cities with physical barriers, such as a river that separate sections of the 

city, or extremely large metropolitan areas, being able to bring a bicycle on public 

transit becomes a necessity. 

Tier five describes strong incentives that, like tier four, represent added 

conveniences for practical usage of this transport mode. These include a place to 

store a bike at home, access to or owning an electric bike ɀ that are relevant in a 

city like Lisbon, as previously stated ɀ, having a shorter commuting distance, and a 

need for routes with low traffic speeds, that would also reduce safety concerns. 

Finally, the last pyramid layer describes the least necessary factors that influence 

whether or not non-cyclists start biking, and are related to social context and 

personal needs. People are more likely to take up cycling if they have any friends, 

coworkers or classmates who bicycle, and also if they have a personal desire to 

improve their health or become more physically fit. While these incentives are not 

directly related to equipment, facilities, programs or policies, they are nonetheless 

important drivers, and can be seen as the last push towards becoming a cyclist. 

A factor not explicitly included in the model, but of great practical importance, is 

access to a functioning bicycle, as other authors also denoted (S. Handy, Xing, & 

Buehler, 2010; Thigpen et al., 2015), and therefore it  is marked in the pyramid 

with an asterisk. This variable was not included in the final models due to a 

similarity of owning a bike between the last stages, but this factor is very relevant 

ɀ as demonstrated by the results of section 4.1, in which both Cyclists and Non-

Cyclists aÓÓÉÇÎ ȰNot o×Î Á ÂÉÃÙÃÌÅȱ ÁÓ Á ÔÏÐ ÒÅÌÅÖÁÎÔ ÂÁÒÒÉÅÒ ÔÏ ÂÉÃÙÃÌÅȟ ÁÎÄ ÉÎ ×ÈÉÃÈ 

Cyclists declare that it  was the most relevant trigger to bicycle. Nevertheless, and 

as noted in section 4.2, the Recent Cyclists do not attach as much importance to 

owning a bicycle as First Cyclists did. A binary logit model was made for the group 

of Enthusiasts (0) and Cyclists (1), including the recent and the previous Cyclists. 

The model summary is available in Table C.8 (supporting materials) and it unveils 

Ȱ/×Î Á ÂÉÃÙÃÌÅȱ ÁÓ Á ÓÉÇÎÉÆÉÃÁÎÔ ÖÁÒÉÁÂÌÅ ×ÉÔÈ ÁÎ /2 ÏÆ ςȢρȢ 7Å ÍÕÓÔ ÁÌÓÏ ÃÏÎÓÉÄÅÒ 

that 62% of the respondents have access to a bicycle in the household (Table 3.5), 

and that an individual that is on the last stages of change is more likely to acquire a 

bicycle to ride than an individual that does not consider cycling as a near future 

option. 

It should be remembered that the modelled factors were those identified as the 

most important motivators and triggers (top 3 and top 5) to potential cyclists and 

cyclists respectively, meaning that other factors may have been chosen ɀ there are 

other needs for cycling, but for those sub-groups, these were the most important 

ones. 
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! ÒÅÓÅÍÂÌÁÎÃÅ ÏÆ ÔÈÅÓÅ ÆÉÎÄÉÎÇÓ ÃÁÎ ÂÅ ÆÏÕÎÄ ÉÎ ÔÈÅ ÄÉÁÇÒÁÍ ÏÆ Ȱarriving at the 

decision to bicycle commuteȱ ÍÁÄÅ ÂÙ ÔÈÅ !ÍÅÒÉÃÁÎ &ÅÄÅÒÁÌ (ÉÇÈ×ÁÙ 

Administration  (Federal Highway Administration, 1992), referred in sub-section 

2.2 (p. 31) of this thesis. In this diagram, the authors segment the decision to 

bicycle process in a sequential order of needs, that if overcame, the decision to 

ÂÉÃÙÃÌÅ ÈÁÐÐÅÎÓȢ 4ÈÏÓÅ ÁÒÅȡ ȰÉÎÉÔÉÁÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎÓȱ ɉÓÕÃÈ ÁÓ ÔÉÍÅ ÁÎÄ ÄÉÓÔÁÎÃÅɊȠ 

ÔÈÅÎ ȰÔÒÉÐ ÂÁÒÒÉÅÒÓȱ ɉÓÕÃÈ ÔÒÁÆÆÉÃ ÓÁÆÅÔÙ ÁÎÄ ÁÃÃÅÓÓɊȠ ÔÈÅÎ ȰÄÅÓÔÉÎÁÔÉÏÎ ÂÁÒÒÉÅÒÓȱ 

(such as storage and showers); and, with a final push from employer and peer 

support, there is the decision to bicycle. Also, when comparing the nature of the 

ÔÉÅÒÓ ÏÎ 3ÉÎÇÌÅÔÏÎȭÓ 0ÙÒÁÍÉÄȟ ÔÈÅ ÁÒÒÁÎÇÅÍÅÎÔ ÏÆ ÔÈÅ ÐÙÒÁÍÉÄ ÌÁÙÅÒÓ ÍÁÔÃÈȡ ÔÈÅ 

individual factors (feasibility) on the basis, the environmental factors (safety 

infrastructure and equipment, facilities and added conveniences, accessibility) in 

the middle tiers; leaving social context and personal needs for the top layer. 

This pyramid summarizes the hierarchy of needs to cycling and informs which 

interventions and policies have impact, and to whom, on raising the probability to 

belong to each stage of change towards cycling, and thus, rising cycling levels if 

those needs are suppressed. Moreover, this Pyramid follows the idea pointed by 

Maslow (1954), that there is no need to satisfy and fulfill all the lower needs before 

moving onto a higher level, and that some needs may be coexist even being at 

farther or closer stages of change to cycling.  

People that do not know how to ride a bicycle are farther to become cyclists, as 

shown by the base-layer of the Pyramid. For this population group, a policy of 

teaching how to ride a bicycle, for instance, at school ages, would suppress this 

barrier and move the whole population to the be closer to become a cyclist. This is 

a high-impact measure with low cost, if applied systematically, and which could 

rise-up the cycling maturity of a city. Nevertheless, the outcomes of this measure 

may have short or long-term impacts, depending on the age of the target 

population. 

The needs for cycling infrastructure and equipment ɉȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓɊ are higher 

on the definition of the membership to the earlier stages of change. For instance, a 

population that is not served by a safe cycling infrastructure nor a bicycle sharing 

system (which is common in LCM cities), is less willing to become a cyclist. Such 

improvements require a higher a higher expense for the municipality, but would 

ÂÅÎÅÆÉÔ Á ÌÁÒÇÅ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÐÏÐÕÌÁÔÉÏÎ, as the literature and case studies has 

been proving to us.  

The facilities, incentives and practical needs (i.e., room to store a bicycle, employer 

incentives such as financial or paid time off, bring a bike in public transit) have 

higher impacts on the membership of the middle stages. The possible interventions 

that suppress those needs are reachable by legislation and small personal, 

employer, ÁÎÄ ÔÒÁÎÓÉÔ ÏÐÅÒÁÔÏÒÓȭ ÉÎÖÅÓÔÍÅÎÔÓȢ This kind of interventions would 
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benefit mostly directly  the population that is willing to bicycle but still lack of this 

support on their own lives, houses or commuting trips. For instance, owning an 

electric bike ɀ that is included in the nature of this group of needs ɀ is more 

suitable for a group of population that needs to climb steep streets, that commutes 

long distances, or that has physical requirements. 

Personal concerns, such as improvements in health or fitness, and peer and social 

ÉÎÆÌÕÅÎÃÅȟ ÁÒÅ ÉÎ ÔÈÅ ÇÒÏÕÐ ÏÆ ÉÎÄÉÖÉÄÕÁÌ ÎÅÅÄÓ ÔÈÁÔ ÍÉÇÈÔ ÂÅ ÔÁÎÇÉÂÌÅ ×ÉÔÈ ȰÓÏÆÔȱ 

measures and initiatives to promote cycling, from a municipal perspective. 

#ÁÍÐÁÉÇÎÓ ÓÕÃÈ Ȱ"ÉËÅ-to-×ÏÒËȱȟ ÓÕÐÐÏÒÔÅÄ ÂÙ ÅÍÐÌÏÙÅÒÓȟ ÈÁÖÅ proven to increase 

levels of bicycle use among workers. In another hand, regarding the nature of this 

influence, it might be ÍÏÒÅ ÅÆÆÅÃÔÉÖÅ ÉÆ ÉÓ ÍÁÄÅ ÂÙ ÐÅÏÐÌÅȭÓ ÐÅÒÓÏÎÁÌ circles, such as 

friends or colleagues who bicycle. If more people bicycle, the probability to be 

influenced by a peer is higher. This means that all the previous strategies would 

benefit this population and indirectly lobby the almost-cyclists to take up cycling. 

In LCM cities, the population that does not bicycle is ɀ by definition ɀ the majority, 

and ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÓÈÁÒÅ ÉÓ ÖÅÒÙ ÌÁÒÇÅȢ )Æ ×Å ÏÒÇÁÎÉÚÅ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ÐÏÌÉÃÉÅÓ 

and interventions, regarding the size of the potential target population, its outline 

would be as follows: Bike lessons > Infrastructure and equipment > Facilities and 

practical incentives > Individual  measures. Regarding the responsibility and 

influence of these policies and interventions, we may also organize them in scale, 

ranging from National strategies to Municipal, to Operators, Employers, 

Companies, and finally to the Individual politic agent. 

The Pyramid of Cycling Needs contributes to fill a scale of greys between the 

theories that sustain that building bicycle infrastructure and facilities will foster 

cycling, and the theories that sustain that individual beliefs and social norms play 

an important role to change to bicycle. 

 3ÅÎÓÉÂÉÌÉÔÙ ÏÆ ÔÈÅ ÃÌÁÓÓÅÓȭ ÔÈÒÅÓÈÏÌÄÓ 5.4.

In section 5.1, sub-groups of potential cyclists were defined, according to 

thresholds of self-ÁÓÓÅÓÓÅÄ ÐÒÏÐÅÎÓÉÔÙ ÔÏ ÂÉÃÙÃÌÅ ÁÎÄ ÌÁÂÅÌÅÄ ÁÓȡ Ȱ0ÅÓÓÉÍÉÓÔÓȱ ɀ less 

ÔÈÁÎ υπϷȠ Ȱ/ÐÔÉÍÉÓÔÓȱ ɀ ÂÅÔ×ÅÅÎ υπ ÁÎÄ ωωϷȠ ÁÎÄ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ ɀ for 100%. In 

ÔÈÉÓ ÓÅÃÔÉÏÎȟ ÏÔÈÅÒ ÆÏÕÒ ÔÅÓÔÓȭ ÒÅÓÕÌÔÓ are summarized below, considering an 

analysis to the 50% threshold. For these analyses, the individuals who assessed a 

50% propensity to change to cycling ɀ if a set of motivators became a reality ɀ are 

ÌÁÂÅÌÅÄ ÁÓ Ȱ.ÅÕÔÒÁÌÓȱ, and the distribution of the remaining classes are shown in 

Table 5.14.  
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Table 5.14 ɀ Testing the  sensibility of the  classification of sub -groups of potential cyclists.  

Class Class label Rule Freq. % 
0 Pessimists Change degree < 50 79 11 
- Neutrals Change degree = 50 86 12 
1 Optimists Change degree > 50 & <100 173 25 
2 Enthusiasts Change degree = 100 359 52 

1. The correlation between Neutrals' motivators with those of both Pessimists and 

Optimists were analyzed. The conclusion was that Neutrals preferences are 

more correlated with Pessimists ɉ3ÐÅÁÍÁÎȭÓ ÒÈÏЀ πȢψχχȟ Ð-value= .000) than 

×ÉÔÈ /ÐÔÉÍÉÓÔÓ ɉ3ÐÅÁÍÁÎȭÓ ÒÈÏЀ πȢψςπȟ Ð-value= .000), although correlations do 

not differ much (0.057). Correlation differences were tested with the Fisher r-

to-z transformation test that confirmed that Neutrals' motivators preferences 

correlated more with  Pessimists preferences that the equivalent for Optimists. 

2. Another set of binary logit models were performed, this time with the Neutral 

respondents were in the Pessimistsȭ ÃÌÁÓÓ (Table C.9 and Table C.10, in 

supporting materials). The models robustness was generically lower than the 

original models ɀ with Neutrals in the OptimÉÓÔÓȭ ÃÌÁÓÓ ɉTable 5.11 and Table 

5.12, in section 5.2.3). The nature of the statistically significant explanatory 

variables presented on both models does not differ from the original ones, not 

compromising the idea of the hierarchy of needs to cycling. Furthermore, the 

original models yielded more statistically significant explanatory variables than 

these ones, differ ing by 3 significant explanatory variables, where: 

a) The binary logit models of membership of Pessimists vs. Optimists have both 

2 explanatory variables, although "Learn how to ride a bike" is significant and 

with negative OR when Neutrals are included in the /ÐÔÉÍÉÓÔÓȭ ÃÌÁÓÓ; while 

"Cycling coach" replaces it, also with negative OR, when Neutrals are included 

ÉÎ ÔÈÅ 0ÅÓÓÉÍÉÓÔÓȭ ÃÌÁÓÓ; 

b)  The binary logit models of membership of Optimists vs. Enthusiasts differ by 

3 variables, by dropping the following variables when compared with the 

original one: ȰBike-sharing systemȱȟ ȰClothing compatible to workȱ, and 

ȰEmployer incentivesȱȢ !ÌÓÏȟ the model decreases its explanatory power. 

3. Moreover, other sets of logit binary models where tested, with more flexible 

thresholds: the 50% cutoff value that splitter Pessimists from Optimists was 

increased or decreased by 5%, and with Enthusiasts including more individuals 

below the 99% cutoff value. Models were performed with Pessimists class 

ranging from 0 to 45% and from 0 to 55%, and Optimists class ranging from 46 

to 95% and from 56 to 95% ɀ leaving the remaining individuals (96 to 99%) to 

ÔÈÅ %ÎÔÈÕÓÉÁÓÔÓȭ ÃÌÁÓÓ. The referred models are presented in Table C.11 to Table 

C.15, in supplementary materials. The models with  the Neutrals included in the 

Optimistsȭ ÃÌÁÓÓ (-5%) do not differ significantly from the original calibrated 

models, suggesting that the cutoff values do not alter these conclusions. The 
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ÍÏÄÅÌÓ ×ÉÔÈ ÔÈÅ .ÅÕÔÒÁÌÓ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÅ 0ÅÓÓÉÍÉÓÔÓȭ ÃÌÁÓÓ (+5%) do not present 

an acceptable robustness. 

4. Finally, sets of logit binary models were performed by isolating the Neutrals in 

their own propensity to change class, as Pessimists vs. Neutrals, Neutrals vs. 

Optimists, and Optimists vs. Enthusiasts (Table C.16 and Table C.17, in 

supporting materials). The goodness-of-fit of these models is significantly 

reduced when compared to the original ones, with the Neutrals in the /ÐÔÉÍÉÓÔÓȭ 

class. Furthermore, the number of significant variables in models Pessimists vs. 

Neutrals and Neutrals vs. Optimists decreases dramatically by 5 variables when 

compared to the original models. This is due to the fact that the new class 

includes 86 individuals, reducing in the same proportion the other categories. 

Isolating the Neutrals in a different class does not compensate the loss of 

degrees of freedom, and as such is does not lead to more interesting 

conclusions. 

 Willingness and likelihoo d to bicycle bias  5.5.

Regarding the willingness and likelihood to bicycle bias, a caveat should be made: 

it is important  to avoid socially-desirable answers (stated) and obtain more 

realistic forecasting of the propensity to bicycle. Therefore, it is possible to 

distinguish those who are willing to change to bicycle from those who cannot 

change due their personal circumstances, by classifying ÔÈÅ Ȱ%ÎÔÈÕÓÉÁÓÔȱ 

respondents into different levels of likelihood of actually change to cycling. 

The developed methodology in previous research (Félix, Sobral, & Moura, 2018), 

that identified a bias on willingness and likelihood to enter an university bicycle 

lending program, identifies the group of people that have some characteristics that 

might deter them to bicycle, such as:  

¶ No cycling proficiency; 

¶ Commuting trip distance is more than 15 km long and does not travel by 

train. 

This group of people is less likely to change to bicycle, and we may label them as 

Ȱ0ÒÏÆÉÌÅ ρ ɀ .ÏÔ ÒÅÁÌÉÓÔÉÃ ÏÐÔÉÏÎȱȢ 4Ï ÂÅÌÏÎÇ ÔÏ 0ÒÏÆÉÌÅ ρȟ the individual must have at 

least one of those characteristics. If the individual does not belong to Profile 1, it 

×ÉÌÌ ÂÅÌÏÎÇ ÔÏ Ȱ0ÒÏÆÉÌÅ ς ɀ Very unlikely optionȱ ÉÆ ÉÔ ÈÁÓ ÁÔ ÌÅÁÓÔ ÏÎÅ ÏÆ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ 

characteristics: 

¶ The commuting trip is between 8 to 15 km long; or 

¶ Having a regular intermediate stop on the commuting trip, and carry a 

dependent or goods; or 
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¶ Living in a multiple-story building, in floors "-2" or below, "2" or above, 

without a lift, and not having any bike storage in the building (e.g., 

communal areas or garage). 

For the referred research, a rule-based method was proposed to categorize 

respondents according to five profiles. The remaining profiles created on the 

referred research are presented below, as well as the rule-based diagram to 

classify respondents on those profiles (Figure 5.17): 

¶ Profile 3 ɀ Unlikely option; 

¶ Profile 4 ɀ Likely option; and 

¶ Profile 5 ɀ Brings together the ideal conditions to change to bicycle. 

 

 

Figure 5.17 ɀ Rule-based diagram to classify respondents in five profiles . 

For the present research, we may consider as less likely to change to bicycle the 

respondents that belong to Profiles 1 and 2, where constraints to cycling are 

higher.  

The criteria that influence potentially the decision of shift to cycling were selected 

based on existing literature. Nine criteria were included in the rule-based approach 

to define and populate these profiles. Table 5.15 presents the variables used for 

each criterion  ÔÏ ÄÅÆÉÎÅ 0ÒÏÆÉÌÅÓ ρ ÁÎÄ ς ɉȰ.ÏÔ ÒÅÁÌÉÓÔÉÃȱ ÁÎÄ Ȱ6ÅÒÙ ÕÎÌÉËÅÌÙ ÏÐÔÉÏÎȱɊ, 

the assumptions that justify their relevance, and the references sustaining these 

assumptions. 

 



Rosa Félix 

115 

Table 5.15 ɀ List  of variables used to define and populate profiles  1 and 2 of potential bicycle users.  

Related 

to... 

Variable for 

criteria  Assumptions  References 

Trip  Commuting 

distance (8 - 15 

km; > 15 km) 

¶ Distance is a major factor that influences 

the decision to bicycle. 

¶ Within the range of 8 - 15 km it is 

unlikely to bicycle; above 15 km cycling 

is a very unlikely option (when not 

combined with motorized modes, e.g., 

suburban trains). 

Heinen, Maat & 

van Wee (2011) 

Shanon et al. 

(2006), Uttley & 

Lovelace (2016), 

Vale, Pereira, & 

Viana (2018) 

Intermediate 

activities before 

reaching 

work/school or 

returning home 

that involves 

carrying a person 

or goods 

(Yes/No) 

¶ Intermediate activities involving driving 

other persons (e.g., driving or picking-up 

children to or from school, same for a 

senior dependent, carpooling, among 

other) or some errand (e.g., shopping). 

¶ Respondents who have regular 

intermediate activities that involve 

carrying a person or a heavy-bulky load 

before going to work/school, or 

returning home, are very unlikely to 

bicycle. 

Transport for 

London (2010), 

Handy & Xing 

(2011), Heinen, 

Maat & van Wee 

(2013), Fowler, 

Berrigan, & 

Pollack (2017) 

Cycling Cycling 

proficiency 

(Inexperienced) 

¶ For inexperienced respondents, cycling 

is not likely to be option. 

Telfer, Rissel, 

Bindon, & Bosch 

(2006) 

Housing  Apartment below 

"-2" or above "2" 

floor and 

building without 

a lift (Yes/No) 

¶ Respondents who live in the floor "-2" 

(or below) or in the floor "2" (or above) 

in a building without a lift, are less likely 

to bicycle as they cannot carry the bike 

home easily. 

Assumption 

Storage at home, 

whether in the 

house, 

apartment, or in 

the building 

(Yes/No) 

¶ Respondents who do not have safe bike 

storage (e.g., at home, a storeroom in the 

building, a garage) are less likely to 

bicycle than those who have. 

Fernández-

Heredia, Jara-

Díaz, & Monzón 

(2016) 

Although several authors focus on the parking availability at the destination as a 

critical factor to encourage bike choice (Hunt & Abraham, 2007; Pucher et al., 

2010, just to name a few), the literature concerning the availability of bicycle 

storage or parking at home is scarce. In this research, it was assumed that not 

being able to store a bicycle safely or carrying it home without a lift in a multi-

story building are significant barriers to be considered for the definition of the 

potential bicycle adopters. 
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&ÏÒ ÔÈÅ ÒÕÌÅ ȰÉÎÔÅÒÍÅÄÉÁÔÅ ÓÔÏÐ ÏÎ ÔÈÅ ÃÏÍÍÕÔÉÎÇ ÔÒÉÐȱȟ Á ÓÕÂÓÔÉÔÕÔÉÏÎ ×ÁÓ ÍÁÄÅ 

×ÉÔÈ ȰÈÁÖÉÎÇ Á ÃÈÉÌÄÒÅÎ ÕÎÄÅÒ ρπ ÙÅÁÒÓ ÏÌÄ ÁÇÅȱȟ ÄÕÅ ÔÈÅ ÄÁÔÁ ÁÖÁÉÌÁÂÉÌÉÔÙ from this 

research survey. As such, the rule-base was applied to this dataset, and from the 

Ȱ%ÎÔÈÕÓÉÁÓÔÓȱȟ ×Å ÍÁÙ ÉÄÅÎÔÉÆÙ ÔÈÅ ÏÎÅÓ ÔÈÁÔ ÁÒÅ Ȱ%ÎÔÈÕÓÉÁÓÔÓ ÂÕÔ ÕÎÌÉËÅÌÙȱ ÔÏ 

change to bicycle, the ones with an optimism bias. This new sub-group represents 

σχϷ ÏÆ ÔÈÅ ÐÒÅÖÉÏÕÓ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱȢ Table 5.16 shows the number of respondents 

that match each criteria for each profile. 

Table 5.16 ɀ Partial  and total effects for each  criteria on each  Profile . 

Profile  Criteria  n % 
Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ -- 359 100 
1 ɀ Not a realistic option No cycling proficiency 51 14 

Commuting distance >15 km, and does not travel 
by train 

42 12 

Total 83 23 
2ÅÍÁÉÎÉÎÇ ÁÓ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ ÁÆÔÅÒ 
Profile 1 criteria 

Total remaining 276 77 

2 ɀ Very unlikely option 8 km < Commuting distance < 15 km 49 18 
 Intermediate stop on the commuting trip 

(children under 10 years old) 
55 20 

(ÏÍÅ ÉÎ ÆÌÏÏÒ ÂÅÌÏ× Ȱ-ςȱ ÏÒ ÁÂÏÖÅ Ȱςȱȟ ÎÏ ÌÉÆÔȟ 
and no bike storage 

9 3 

Total 102 37 
2ÅÍÁÉÎÉÎÇ ÁÓ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ 
after Profile 2 criteria 

Total remaining 174 63 

&ÒÏÍ ÔÈÅ ÁÐÐÌÉÅÄ ÍÅÔÈÏÄÏÌÏÇÙȟ ×Å ÍÁÙ ÃÏÎÓÉÄÅÒ ÔÈÁÔ σχϷ ÏÆ ÔÈÅ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ 

have an optimism bias. This percentage is higher than the findings from previous 

referred research, which revealed a 27% optimist bias for a group of respondents 

in the same Stages of Change with the restrictions criteria of Profiles 1 and 2, 

although with different socio-demographic characteristics ɀ a college population ɀ 

that might be more aware and informed. 

The analysis of the results holds upon the rationale that a respondent is more 

social desirably biased (i.e., potentially more unrealistic) when she refers to be 

willing to change to cycling if some policies would have place12 while being less 

likely to actually bicycle due to daily personal, mobility and housing constraints 

(i.e., belonging to Profiles 1 and 2). 

The results suggest that we should be cautious about extrapolating the models to 

the real world, or at least, that reveled preferences questionnaires or observations 

should be conducted ad-hoc, in order to verify the willingness of a stated 

preference method of data acquisition. In any case, there is no reason for us not to 

trust the results of this research and consider a willingness bias. 

                                                        
12 Unless those policies and initiatives are directly related to these constraints. 
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 Highlights  5.6.

¶ Different population groups that are willing to bicycle have different 

needs. 

¶ The impacts of cycling infrastructure and equipment are higher on the 

definition of the membership to the earlier stages of change 

¶ The facilities and practical needs (i.e. room to store a bicycle, bring a bike 

in public transit) have higher impacts on the membership of the middle 

stages. 

¶ )ÎÄÉÖÉÄÕÁÌȭÓ ÓÏÃÉÁÌ ÉÎÆÌÕÅÎÃÅ ÁÎÄ ÐÅÒÓÏÎÁÌ ÃÏÎÃÅÒÎÓ ÐÒÏÖÉÄÅ Á ÆÉÎÁÌ ÐÕÓÈ ÔÏ 

change behavior and take up cycling. 

¶ The Pyramid of Cycling needs provides insights to the cycling decision-

making process to encourage people that do not bicycle to progressively 

change behavior, potentially shifting to cycling, in order to increase cycling 

levels in LCM cities. 

¶ 37% of the stated preferences survey participants revealed an optimism 

bias when considering changing to cycling. 

 





Rosa Félix 

119 

6. Assessing the impact of Ȱhardȱ 

measures for bicycle promotion 

in Lisbon  
Barriers and motivators to cycling in Lisbon are specially related with safety 

perceptions, lack of cycling infrastructure and facilities, and bicycle or e-bicycle 

availability, as observed in chapters 4 and 5. The implementation of two policies 

for rising cycling levels is assessed: the segregated cycling infrastructure 

expansion, particularly in the center of Lisbon, and a bike-sharing system. In this 

chapter, an overview is made regarding the municipal investments that 

accompanied the period of development of this research, the detailed methodology 

used for data collection, the presentation of the results, and the discussion and 

conclusions of this assessment.  

 Overview  6.1.

,ÉÓÂÏÎȭÓ #ÅÎÔÒÁÌ "ÕÓÉÎÅÓÓ $ÉÓÔÒÉÃÔ ɉ#"$Ɋ ÂÅÇÁÎ Á ÍÁÊÏÒ ÕÒÂÁÎ ÁÎÄ ÍÏÂÉÌÉÔÙ 

ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÉÎ ςπρφȟ ×ÉÔÈ ÒÏÁÄ ÄÉÅÔÉÎÇ ÍÅÁÓÕÒÅÓ ÔÏ ÒÅÄÕÃÅ ÍÁÉÎ ÁÖÅÎÕÅÓȭ ÃÁÒ 

capacity and driving speeds. Recent municipal improvements included: 

¶ The expansion and completion of a more comprehensive, connected, and 

commuting-oriented bicycle network, with 100 km of dedicated cycling 

infrastructure  (Jan 2017); and 

¶ A bike-sharing system of 1.400 bicycles, with 70% of the fleet as e-bikes 

(pedelec), covering mainly the central business areas and the waterfront 

(Sep 2017). 

These interventions were an opportunity to measure how much the expansion of a 

utilitarian -oriented cycling network and an electric bike-sharing system can 

potentially impact the cycling volumes, and how these initiatives contribute to 

overcoming barriers to bicycle adoption in an LCM city. The plans for cycling 

infrastructure network may be seen in Figure D.3 (supporting materials), as well 

as the distribution of the bike-sharing stations. City efforts are being made for the 

cycling infrastructure to reach 200 km in 2021. 
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The city of Lisbon is not counting nor observing cyclists' activity, in a systematic 

wayȟ ÅØÃÅÐÔ ÆÏÒ ÏÎÅ ÁÕÔÏÍÁÔÉÃ ÃÏÕÎÔÅÒ ÉÎÓÔÁÌÌÅÄ ÁÔ !ÖȢ $ÕÑÕÅ Äȭ<ÖÉÌÁ ɀ an avenue in 

the city center ɀ that meters the number and flow directions of cyclists on this 

segment of the segregated infrastructure. A finer and direct observation allowing 

to capture more detailed features of the cyclists, the trip and his/her vehicle ɀ 

which cannot be captured by standard automatic counters ɀ enables the 

municipality to better characterize and understand the requirements of the users 

of the bicycle infrastructure and better plan future investments that meet real 

needs and ensure a safer circulation for cyclists. The direct observation also allows 

distinguishing bike-sharing cyclists from those with private bicycle, and contribute 

to clarify if the evidences on increases in bicycle mode share after implementation 

of bicycle sharing programs might be confounded by improvements in bicycling 

facilities made at the same time, raised by Pucher et al. (2010). 

 

Figure 6.1 ɀ New electric bike -sharing system (photo credit: Sapo24).  

7ÉÔÈ ÔÈÅ ÅÍÅÒÇÉÎÇ ÔÅÃÈÎÏÌÏÇÙ ÏÆ ÃÙÃÌÉÓÔÓȭ ÄÁÔÁ ÃÏÌÌÅÃÔÉÏÎȟ ÓÕÃÈ ÁÓ ÌÁÓÅÒȟ ÃÁÍÅÒÁÓȟ 

infrared cameras, or wi-fi networks detectors, it gets easier to collect data like 

flows of cyclists at a given spot. Also, bike-sharing or rental programs, and user-

applications such as Strava or Map my Ride, collect precious data on routes, speeds, 

and profiles of cyclists that are not collected by the previous observation methods. 

Nevertheless, there are some disadvantages to these methods, as follows: 

1. The equipment required to collect data, and its cost; 

2. The possibility to collect data at simultaneous locations, when not having 

much equipment; 

3. The data processing and analysis effort; 

4. The availability of data from commercial companies and potential privacy 

issues; 

5. The existing technics to collect data on the type of cyclist (e.g., gender, age, 

vehicle) does not have a reliable accuracy level yet, and require much 

processing 
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In the context of a city that has plans for rapid improvements, installing equipment 

for data collection is less flexible, especially when the dynamics of the built 

environment are changing quickly. The observations of the cyclists' flows before 

installing a leg of a cycling infrastructure ought to be made prior to the 

intervention . The assessments prior and post interventions in the cycling network 

are a way of validation of such improvements and rely on a fast-implementation 

method. 

Manual counting methods are relatively easier to set up compared to automated 

counting methods. Because the observer can move around, it is flexible to adapt 

and react to infrastructure planning. Moreover, several counting locations can be 

observed simultaneously for a lower cost than using automated counting systems. 

On the other hand, automated counting systems can collect data continuously and 

for extended periods of time. Also, automated counting can be considered to be 

less subjective than human observation. Manual counting relies on the person's 

observation skills, and different persons may have different appreciations. 

However, human observation is capable of capturing, processing, and recording 

more diversified and detailed information and features of the cyclists when 

compared to video or machine processing. The potential for capturing a wider set 

of information is particularly noteworthy as other cycling attributes can provide 

additional behavioral insights that sheer numbers of cycling flows cannot provide. 

Understanding who pedals at which locations can help manage and plan cycling 

network interventions and equipment. Indicators such as gender, age, wearing a 

helmet, or child seats, informs, for instance, the risk and safety levels of specific 

locations. Besides, evidence on the type of bicycle used in different areas, such as 

electric or folding bicycles, may also provide insights on city dynamics of housing 

conditions, transportation, or commuting distances.  

 Data collection methodology and m ethods 6.2.

Data regarding before and after cycling levels was collected using manual counting 

methods on three occasions: 2016, 2017, and 2018.  

For the characterization of the baseline cycling data, an existing dataset of cycling 

volumes focused on the "Central Axis" area of Lisbon was used, which corresponds 

to the CDB, where significant cycling infrastructure improvements took place 

following a street improvement program. This area is characterized by a regular 

and orthogonal mesh, and a flat orography, favorable to bicycle circulation. The 

"Central Axis" improvement program was monitored in detail in other studies 

(Cambra, Nunes da Silva, & Moura, 2019) which collected data for pedestrian and 

cycling volumes in July 2016. Cycling data was available for seven locations: three 

locations within the "Central Axis"; two locations in adjacent streets to the "Central 
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Axis" and two locations in external streets to the study area, which were used as 

experimental controls. Data was collected using a screen line manual counting 

approach, which provided quantitative data on cyclist volumes. 

A more comprehensive data collection was made in 2017 and 2018, improving the 

counting method while increasing the number of counting locations from 7 to 45, 

and also the spatial coverage. During one entire week in 2017 and 2018, 45 

locations in Lisbon were observed during the morning and afternoon peak traffic 

hours, in order to register the cyclists and their vehicles. Figure 6.2 shows a map of 

the 45 locations and the existing cycling infrastructure by 2016 and 2017, in 

Lisbon.  

 

Figure 6.2 ɀ Location  of the 45 observation points, and the  existing and expanded  cycling 
infrastructure  by 2016 and 2017 . ESRI gray light basemap . 

The observations were made at intersections, in order to allow wider coverage of 

several axles, whenever possible. The criteria for selecting the 45 counting 

locations were as follows: 

¶ Places where there has recently been a bicycle network i ntervention; 

¶ Places where there will be future intervention of the cycling network; 

¶ Places on the existing cycle network; and 

¶ Places where there is a perception that cyclists are riding , although they are 

not close to the existing cycle network (control area). 
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Since the current expansion of the cycling network was made mainly for 

commuting and utilitarian travel, in order to capture the flows of the commuting 

cyclists, the counting periods were defined as: 

¶ Morning peak period: between 8:00 - 10:00 am; and 

¶ Afternoon peak period: between 5:00 - 7:00 pm. 

The observations were registered in a pre-formatted paper sheet that was filled by 

hand in each 15 minutes period. The following characteristics were registered for 

each observed cyclist: 

¶ Cyclists (number), by flow direction; 

¶ Gender (male/female); 

¶ Helmet (yes/no); 

¶ Age group (autonomous kid / adult / senior); 

¶ Child transport (trailer, chair);  

¶ Driving on the cycling infrastructure / on the road / on the sidewalk; 

¶ Type of bicycle (folding / electric / rental /  shared / cargo); and 

¶ Type of trip (utilitarian / sport / leisure or tourism  / deliveries ). 

The 2017 observation campaign took place between May 29th and June 2nd 

(Monday to Friday). In 2018, the counting campaign occurred with the same 

methodology during the week of May 21st to 25th, with an extra counting day on 

June 5th. Sites were covered more than once each period, for data validation. The 

counting periods were chosen to match the spring season when the probability of 

rain is very low, and during weeks that did not interfere with school vacation or 

holidays. Ten observers were trained and were responsible for five sites each, 

working for 4 hours/day. 

 Results 6.3.

Table 6.1 presents the aggregated results per year of observation campaign, for the 

45 observation points during the 20 peak hours. 

Table 6.1 ɀ Aggregated data collected in each observation campaign.  

Campaign Cyclists Cyc./h  
Cyc./h/ 
location  

Female 
(%)  

Helmet  
(%)  

Folding 
(%)  

Child 
seat (%)  

Bike -
shar ing 

(%)  

2017 6 414 320.7 7.13 15.68 45.33 8.03 2.73 - 

2018 11 356 567.8 12.62 21.44 30.02 12.18 2.74 34.21 

Difference 77 % 5.76 -15.31 4.15 0.01 34.21 
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2017 observation campaign  

A total of 6.414 cyclists were counted in the first observation campaign, during 20 

peak hours spread over 5 days, representing an overall average of 320 observed 

cyclists per peak hour in the city, or 7.13 cyclists per peak hour per location. 

Overall, more male than female cyclists were observed, with a female share of 

about one sixth (16%), below the average of other European cities ɀ approximately 

one quarter (25%). 45% of the cyclists were wearing a helmet. 

During this observation campaign, 515 folding bicycles were registered, 

representing 8% of the total number of bicycles observed. There were 80 electric 

bicycles (around 1%) registered in this campaign, although it is not possible to find 

a pattern of their spatial distribution. A total of 175 bicycle trips with a child seat 

or trailer were recorded, which is equivalent to 3% of the total number of 

observations. It is noteworthy to observe that most of this bicycle equipment was 

ÏÂÓÅÒÖÅÄ ÏÎ ÔÈÅ Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ ÁÒÅÁȟ ×Èere the existing segregated cycling 

infrastructure provides higher safety. 

2018 observation campaign  

A total of 11.356 cyclists were counted in 2018, also during 20 peak hours spread 

over 5 days, representing an overall average of 568 registered cyclists per peak 

hour in the city, 12.62 per peak hour per location. 

Overall, more male than female cyclists were observed, with  a proportion of one 

fifth (2 1%), which is closer to the European average. 30% of the cyclists were 

observed wearing a helmet, which is lower than the previous counting period. 

During this observation campaign, 910 folding bicycles were registered, 

representing 12% of the total number of bicycles observed. A total of 205 bicycle 

trips with a child seat or trailer were recorded, which is the same percentage of 

non-shared bicycles registered in 2017. The bike-sharing bicycles accounted for 

34% of the observed vehicles. 

Comparing the observations from 2017 to 2018, we observed: 

¶ !Î ÏÖÅÒÁÌÌ ÉÎÃÒÅÁÓÅ ÏÆ ÃÙÃÌÉÓÔÓȭ ÖÏÌÕÍÅ ÏÆ ÁÌÍÏÓÔ Ô×ÉÃÅ ÁÓ ÍÕÃÈ ɉt(44)=4.06, 

p=.000); 

¶ An overall increase of the women shares, from 16 to 21% (t(44)=3.82, 

p=.000); 

¶ A decrease of the bicycle helmet wearing, from 45 to 30% (t(44)=-712, 

p=.000); 

¶ More than twice folding bicycles were counted in 2018, and more bicycles 

with a child seat or trailer, in absolute terms; 

¶ Bike-sharing bicycles accounted for 34% of the observed vehicles in 2018. 

The system did not exist in 2017 at the time of the observation campaign. 
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Cycling network expansion (2016 to 2017)  

Based on the manual observations carried out by Instituto Superior Técnico in July 

2016 (Cambra et al., 2019), a comparison was made within the 7 corresponding 

locations and equivalent periods of time with 2017 and 2018 observations. These 

locations can be grouped into three areas, as shown below on Table 6.2. Figure 6.3 

shows the location of the 7 observation points with data from 2016, in relation to 

existing and improved the cycling infrastructure. In Table 6.3 the results are 

presented, comparing the volumes per hour by 2016, 2017 and 2018. 

Table 6.2 ɀ Areas and corresponding comparable locations for observations of cyclists between 2016, 
2017 and 2018.  

Area Label Location (s treets or segments ) Notes 
Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ A Av. da República New segregated cycling 

infrastructure ( bi-directional)  
B Av. da República / Campo Pequeno New segregated cycling 

infrastructure ( bi-directional)  
C Av. Fontes Pereira de Melo / Picoas New segregated cycling 

infrastructure (uni-directional)  
Adjacent area 
ÔÏ ÔÈÅ Ȱ#ÅÎÔÒÁÌ 
!ØÉÓȱ 

D Av. Duque d'Ávila Segregated cycling infrastructure 
prior to recent interventions 

E Av. Cinco de Outubro Parallel to Av. República, with 
lower traffic speed 

Control area F Av. Almirante Reis Important Lisbon artery 
G Rua Morais Soares Adjacent to Av. Almirante Reis 

 

 

Figure 6.3 ɀ Location of the comparative 2016 observation points. ESRI gray light basemap. 
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Table 6.3 ɀ Volume of cyclists per hour (during the four peak hours), by location and year of 
observation.  

 2016  2017  2018  Variation  

Label 
Own 

bicycle  
Bike 

sharing  
Total  

Own 
bicycle  

Bike 
sharing  

Total  
Own 

bicycle  
Bike 

sharing  
Total  

2016  -
2017  

2017  -
2018  

2016 - 
2018  

A 9.0 - 9.0 48.5 - 48.5 62.5 73.5 136.0 439 % 180 % 1411 % 

B 5.9 - 5.9 51.8 - 51.8 55.3 66.3 121.5 785 % 135 % 1977 % 

C 3.9 - 3.9 27.8 - 27.8 34.5 33.0 67.5 612 % 143 % 1631 % 

D 17.6 - 17.6 18.3 - 18.3 36.5 25.8 62.3 4 % 241 % 254 % 

E 6.1 - 6.1 4.3 - 4.3 1.5 0.8 2.3 -31 % -47 % -63 % 

F 6.3 - 6.3 8.3 - 8.3 11.5 0.8 12.3 32 % 48 % 96 % 

G 8.0 - 8.0 7.3 - 7.3 11.8 0.0 11.8 -9 % 62 % 48 % 

 Discussion and conclusions from the observations of cyclists  6.4.

From the comparison of the 2016 with the 2017 data, we conclude that: 

¶ The volume of cyclists grew 4 ÔÏ χ ÔÉÍÅÓ ÁÔ ÔÈÅ Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ ÁÒÅÁ ɉÐÒÅ- and 

post-bicycle infrastructure); 

¶ The volume of cyclists, which in 2016 was higher on Av. Duque d'Ávila ɀ 

location D (with an existing segregated cycle track in 2016), did not 

increase significantly in 2017; 

¶ The volume of cyclists was higher in 2017 in ÔÈÅ Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ ÁÒÅÁȟ ×ÈÅÒÅ 

the interventions made it clearly more attractive for cycling; 

¶ The volume of cyclists decreased in Av. Cinco de Outubro ɀ location E, a 

street with lower traffic speeds, but with no cycling infrastructure. The 

ÐÁÒÁÌÌÅÌ Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ ÂÅÃÁÍÅ Á ÂÅÔÔÅÒ ÁÌÔÅÒÎÁÔÉÖÅ ÆÏÒ ÃÙÃÌÉÎÇȠ 

¶ The volume of cyclists increased only slightly where the cycling network 

did not expand (i.e., experimental control area ɀ locations F and G); 

¶ In places with no cycling infrastructure, more cyclists without helmets were 

observed, probably more experienced and confident. More cyclists were 

observed riding with helmets in areas with new cycling infrastructure, 

which may be due to the fact that they are new bicycle users (although 

more data should be collected to sustain this hypothesis). 

 
Figure 6.4 ɀ Cyclists in morning peak  hour in 2018, on a segregated cycling infrastructure in  central  

Lisbon, and using the bike -sharing system. (photo credits: Ana Quare sma/ MUBi) 
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In locations A, B, C, and D, corresponding to the central area of the city with both 

cycling infrastructure and bike-sharing, it was possible to detect a four-fold 

increase (+302%) of bicycle users between the expansion of the cycling network, 

and an additional  2.5-fold increase (+165%) after the implementation of a bicycle-

sharing system (see Figure 6.5). From 2016 to 2018, cyclists' volume increased 

almost ten times in this area (+965%). 

 

Figure 6.5 ɀ Comparison of the volume of observed cyc lists by location, in 2016, 2017 and 2018.  On the 
ÒÉÇÈÔ ÏÆ ÔÈÅ ÖÅÒÔÉÃÁÌ ÌÉÎÅȡ ÔÈÅ Ȱ#ÅÎÔÒÁÌ !ØÉÓȱ ÌÏÃÁÔÉÏÎÓȠ ÏÎ ÔÈÅ ÌÅÆÔȡ ÔÈÅ ÃÏÎÔÒÏÌ ÁÒÅÁ ÌÏÃÁÔÉÏÎÓȢ 

On another hand, the volume of cyclists in the control area increased only slightly 

(in relative terms) when compared to 2016 (refer to the right side of Figure 6.5). 

Still, there was a significant volume of cyclists in this area, with places without a 

cycling network, which can be associated to a systemic increase in cycling levels in 

the city of Lisbon. Again, the decreasing number of cyclists observed at Av. Cinco 

de Outubro (location E) confirms that this segment was no longer the best route 

for the North-South flows, when the parallel Av. da República (location A) became 

a better alternative for cycling ɀ with a segregated infrastructure. At Av. Duque 

Äȭ<ÖÉÌÁ ɉÌÏÃÁÔÉÏÎ $Ɋ ɀ that already presented cycling infrastructure, prior to 2016 ɀ, 

the effects of new cycling infrastructure in the surroundings did not impact the 

ÃÙÃÌÉÓÔÓȭ ÖÏÌÕÍÅ at that location by 2017. /Î ÁÎÏÔÈÅÒ ÈÁÎÄȟ ÉÎ ςπρψ ÔÈÅ ÃÙÃÌÉÓÔÓȭ 

volume tripled, with a great contribution from the bike-sharing users. 

Grouping the locations with similar characteristics regarding the built 

environment and bike-sharing availability, it is possible to assess the impacts of 

the two policies and summarize the previous considerations as it is shown in Table 

6.4. 

�$�������$�Y���5�H�S�~�E�O�L�F�DB - Campo Pequeno C - FPMelo �'�������'�X�T�X�H���G�
�È�Y�L�O�DE - Cinco de Outubro F - Almirante Reis G - Morais Soares

2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018

V
o
lu

m
e
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f 
c
y
c
lis

ts

Own bicycle

Bike-sharing

Comparision of the observed cyclists' volume per location
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Table 6.4 ɀ Summary of the impacts of each policy at four different groups of locations.  

Local Situation  2016 -2017  2017 -2018  

Cycling infrastructure  

A, B, C New ++ + 

D Existing 0 ++ 

E None - - 

F, G None 0 + 

Bike-sharing system 

A, B, C Served 

n.a. 

++ 

D Served ++ 

E Served 0 

F, G Not Served 0 

.ÏÔÅÓȡ ȬϹϹȭ ÈÕÇÅ ÐÏÓÉÔÉÖÅ ÉÍÐÁÃÔȠ ȬϹȭ ÐÏÓÉÔÉÖÅ ÉÍÐÁÃÔȠ Ȭπȭ ÎÏ 

ÉÍÐÁÃÔȠ Ȭ-ȭ ÎÅÇÁÔÉÖÅ ÉÍÐÁÃÔȠ ȬÎȢÁȢȭ ÎÏÔ ÁÐÐÌÉÃÁÂÌÅ. 

There was a strong and significant increase in the cycling volume, from 2016 to 

2017, in locations where infrastructure was improved. Likewise, there was also a 

strong and significant increase in the cycling volume from 2017 to 2018, in the 

locations served by the bike-sharing system. 

Regarding local F (Av. Almirante Reis), it can be observed that this street is served 

by two bike-sharing stations, North and South from the observation point, but still 

separated by 2 km apart from each other. Nevertheless, bike-sharing cyclists were 

low in the 2018 campaign, suggesting that even with the access to bicycles (or e-

bikes), if the street is not served by a safe cycling infrastructure, this policy might 

not have an impact on rising cycling levels at such locations. 

With respect to overall results at city level, the ramp-up effect of the cycling 

network expansion might have also been captured in 2018 and should not be 

ignored. This effect might impact not only the observation locations, but also as an 

overall effect on the city cycling levels (see Figure D.4, in supporting materials). 

Although the improvements on the cycling network were not made at exactly the 

same time as the implementation of a bike-sharing program, we should be aware 

that evidence on cycling increases after the implementation of a bicycle sharing 

programs can be sometimes confounded with  improvements in bicycling facilities 

made at the same time, as suggested in previous research (Pucher et al., 2010). 

Besides the advantage of the used method that allows to differentiate bike-sharing 

cyclists from the other cyclists, we cannot conclude how bike-sharing supported 

the arise of private bicycle users, and the effects of both together on the overall 

cycling levels. For instance, bike-sharing users may acquire a bicycle after an 

experimental period of cycling adaptation; or more people riding bicycles 

(regardless of its kind) can influence more people to adopt cycling, by peer 

pressure ɀ as found on previous chapters. 
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4ÈÅ ÒÅÓÕÌÔÓ ÓÕÇÇÅÓÔ ÔÈÁÔ ȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓ ÆÏÒ ÂÉÃÙÃÌÅ ÐÒÏÍÏÔÉÏÎȟ ÓÕÃÈ ÁÓ ÃÙÃÌÉÎÇ 

networks and bike-sharing systems can have massive impacts in raising levels of 

bicycle modal share in an LCM city, where there is almost no cyclists and bicycle 

infrastructure. These types of interventions are a game-changer to start the 

ÐÒÏÃÅÓÓ ÏÆ Á ÃÉÔÙȭÓ ÐÒÏÇÒÅÓÓÉÏÎ ÔÏ×ÁÒÄÓ ÈÉÇÈÅÒ ÃÙÃÌÉÎÇ ÍÁÔÕÒÉÔÙ ÌÅÖÅÌÓȟ ÐÁÒÔÉÃÕÌÁÒÌÙ 

if they are implemented in a city with almost no cycling modal share, such as this 

research case study. However, results should be compared with other comparable 

cities within similar interventions.  

It should be noted that the type of cycling infrastructure  under scrutiny was mostly 

a segregated bicycle lane, mainly at the sidewalk level and where cyclists only have 

contact with other road users at intersections (Figure 6.6).  

  

Figure 6.6 ɀ Segregated bicycle infrastructure at sidewalk level,  uni and bi -directional  respectively , in 
central Lisbon (photo credits: Sexta de Bicicleta / MUBi).  

This type of cycling infrastructure is known to be safer than physically non-

segregated bike lanes, though also many criti cize building the cycling 

infrastructure at the sidewalk level (which might potentially generate conflicts 

with pedestrians) and bi-directional lanes (which conflicts with car drivers at 

intersections). Nevertheless, the implemented bicycle infrastructure provides a 

safer environment, in particular for more risk-averse persons, that otherwise 

would not bicycle. A segregated bicycle lane serves any bicycle user, being more 

inclusive, and is therefore expected to attract more people to experience cycling. 

From the observations of 2018, it was noticed that more female cyclists were 

observed in locations with cycling infrastructure and bike-sharing stations (Figure 

6.7), while a lower percentage of cyclists wearing a helmet were observed at the 

same locations (Figure 6.8), which may sustain this conclusion regarding risk-

averse persons, as discussed by several authors (Garrard, Handy, & Dill, 2012; 

Garrard et al., 2008; Sustrans, 2018). In another hand, bike-sharing users are less 

likely to carry and wear a helmet (Basch, Ethan, Rajan, Samayoa-Kozlowsky, & 

Basch, 2014; Fischer et al., 2012). Data regarding autonomous kids cycling and 

child seats were not were not enough to reach solid conclusions. 
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Figure 6.7 ɀ Share of women at each observation 

point. ESRI grey light  basemap. 
Figure 6.8 ɀ Share of helmet use at each 

observation point. ESRI grey light  basemap. 

! ÓÅÃÏÎÄ ÃÁÖÅÁÔ ÓÈÏÕÌÄ ÂÅ ÍÁÄÅ ÒÅÇÁÒÄÉÎÇ ÔÈÅ ÔÙÐÅ ÏÆ ÂÉÃÙÃÌÅÓ ÉÎ ,ÉÓÂÏÎȭÓ ÂÉËÅ-

sharing system fleet, which has 70% of e-bikes (pedelec). Many people believe that 

that the city is too hilly to bicycle, even if their trips are mostly in flat ɀ or almost 

flat ɀ areas. When having access to an e-bike, these users may overcome the 

perceived barriers of distance, trip duration, effort, hills, and the risk of arriving 

sweaty to destinations. This is particularly  relevant in a city like Lisbon, as 

suggested by the results from Section 4.1.1. In addition, it is more ȰÔÒÅÎÄÙȱ to use a 

vehicle with more technology such as an e-bike, in contrast to the simplicity of a 

conventional bicycle. Electric bicycle fleets are uncommon generally, but are 

becoming more common in municipal bike-sharing systems. The results suggest 

that a bike-sharing system increases cycling levels, although we cannot conclude 

that a bike-sharing system with only conventional bicycles would result in similar 

impacts. In this case, we observed that the bike-sharing system was responsible for 

the largest share of the growth in the volume of cyclists (79%) in 2018 when 

compared to the volume registered in 2017. 

Cycling levels have been reported to increase following infrastructure 

improvements in various studies (see for instance Forsyth and Krizek, 2010, 

Pucher et al. 2010), either by increasing overall time spent cycling (Panter, Heinen, 

Mackett, & Ogilvie, 2016) or attracting new users (Goodman, Sahlqvist, & Ogilvie, 

2013). However, few existing studies have reported on cycling volume change 

following infrastructure improvement. One of the reasons may be related to the 

difficulty of collecting baseline data before the implementation of cycling projects. 

The lack of baseline data to compare against still stands as a challenge for 

researchers and policy makers to evaluate the effectiveness of cycling 

interventions (Krizek, Handy, et al., 2009). Despite the development of 

technological solutions to count cyclists over longer periods, these systems lack 

the flexibility to be placed in the intervention sites within short notice. 

The results suggest that a synergy exists between these two pro-bicycle programs. 

In the case study, we found places where there were bike-sharing stations 
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available but no dedicated cycling infrastructure. In these cases, there was not a 

significant increase in the cycling volume. These findings corroborate the necessity 

to overcome the barriers associated with safety perception, stated in previous 

chapters, and in similar studies (Félix, Moura, & Clifton, 2019; Fowler et al., 2017; 

Muñoz et al., 2016), as a pre-requisite to increasing cycling levels. 

Looking back at Figure 5.16 (the Pyramid of needs to change to cycling), if the 

basic needs are provided, the propensity to be closer to shift to bicycle is higher. 

The cycling network is on the bottom of the pyramid of needs. The bike-sharing is 

in the middle tiers of the pyramid, along with bicycle parking equipment. The 

ÐÒÏÖÉÓÉÏÎ ÏÆ ÂÁÓÉÃ ÂÉÃÙÃÌÅ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ÁÎÄ ÂÉÃÙÃÌÅ ÆÁÃÉÌÉÔÉÅÓ ɉȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓɊ 

may make a thinner bottom of the pyramid of needs, and the change to bicycle 

motivators may be easier to achieve, depending on ȰÓÏÆÔerȱ ÍÅÁÓÕÒÅÓȢ 

 Highlights  6.5.

¶ It was observed a five-fold increase of bicycle users between the expansion 

of the cycling network in the central area of the city (2016-2017). 

¶ After the implementation of an electric bicycle-sharing system, it was 

observed an added two-fold increase of cyclists (2017-2018). 

¶ The combined policies induced a 10-fold increase of cycling volumes in the 

central area.  

¶ In areas with no cycling infrastructure intervention and no bike-sharing 

stations, there was not a significant increase of cyclists. 

¶ More female cyclists were observed on locations with segregated cycling 

infrastructure.  

¶ Bike-sharing accounted for one-third  of all observed cyclists in 2018. 
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7. Conclusions and leads for future 

work  
The benefits of cycling are well known for cities, including sustainability, equity, 

health, and life quality. Increasing active mobility behavior, such as cycling, could 

help to address increasing rates of obesity, benefit physical and mental health, and 

reduce serious health problems associated with lack of exercise and air quality. 

However, changing the behavior of a population could be described as one of the 

challenges of our time. 

Cities with low cycling development and maturity are cities with low cycling modal 

share and little cycling infrastructure  of facilities. This research explores the 

motivators and deterrents for the adoption of cycling in these types of cities by 

addressing a population that does not bicycle on a regular basis, segmented into 

different stages of cycling propensity. The underlying objective of this research is 

to search for leads that can provide knowledge about how to significantly increase 

bicycle modal share in cities with low cycling maturity. This objective is based on 

three main questions that this thesis aims to answer: 

1) How potential cyclists are defined and identified; 

2) How far do perceived barriers for non-cyclists condition their motivation  

whether or not to bicycle; and 

3) What triggers non-cyclists to take up cycling in a city with little cycling 

infrastructure or facilities. 

The research questions led to different approaches for this research. In order to 

answer the established questions, this research was divided into four major pars 

with particular methodologies: 

A) Identification of potential cyclists; 

B) Exploration of barriers and motivators to bicycle; 

C) Segmentation and characterization of sub-groups of potential cyclists and 

modeling their motivations to bicycle in transition al stages of change 

towards cycling; and finally, 

D) Assessment of the impact of bicycle infrastructure and equipment on 

cycling levels of a low cycling maturity city. 
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A literature review of the relevant fields for this research was conducted and the 

three research questions were answered on the subsequent chapters. This chapter 

summarizes the main findings, along with the contributions of this research, 

identifies limitations of the research, and finally, proposes further  research. 

 Summary and contributio ns 7.1.

This section is divided in the conclusions from each task of this research, ending 

with the overall conclusions and contributions.  

 From typologies of  urban  cyclists  and conceptual change model  7.1.1.

In the first task of this research, several studies identified market cycling 

typologies, some resort to empirical methods, mainly from the academic realm, 

ÏÔÈÅÒÓ ÓÏÕÇÈÔ ÏÎÌÙ Á ÃÙÃÌÉÓÔÓȭ ÓÅÇÍÅÎÔÁÔÉÏÎ ÔÏ ÂÅÔÔÅÒ ÁÄÖÉÓÅ ÔÁÒÇÅÔÅÄ ÐÏÌÉÃÉÅÓ ÁÎÄ 

measures to encourage cycling. From the analysis of 20 reports, papers and bicycle 

plans and guides, the methods to differentiate the cyclist population were 

compared and communalities, advantages and limitations were found. Despite the 

variety of group categorizations, commonalities were found in most cases referring 

to three main types of cyclist: current cyclist (typically more proficient), potential 

cyclist (willing but not convinced), and non-cyclist (unaware or unwilling to shift 

to cycling). The three clear profiles of bicycle users reveal a natural segmentation 

related to the personal motivations and fears of users in a context of change and 

evolution. To identify those groups, it is suggested a simple rule-based approach 

using direct and objective answers that is easy to apply to any city regardless of 

cycling maturity levelȢ !ÌÔÈÏÕÇÈ ÂÅÉÎÇ Á ÔÒÁÎÓÆÅÒÁÂÌÅ ÃÏÎÃÅÐÔȟ ÃÙÃÌÉÓÔÓȭ ÔÙÐÅ share 

may vary according to the stage of cycling maturity. Although the group of people 

who do not currently cycle at all is unlikely to take up cycling at least in the short 

term, cycling promotion campaigns should not disregard them. 

Using marketing techniques to maximize the benefit of investments, such as 

cycling infrastructures and promotion campaigns, may produce more successful 

solutions, since these investments are targeted for typified groups and therefore, 

presumably more effective. Dividing cyclists into groups rather than analyzing 

them as a whole population has proven to give better, more nuanced results. In an 

LCM city, more non-cyclists and potential cyclists are expected; whereas in a high 

cycling maturity city, more cyclists are expected. As cities cycling maturity levels 

increase, different approaches are needed to urge more people to start cycling or 

to maintain levels of cycling. Using 0ÒÏÃÈÁÓËÁȭ Stages of Change to better 

understand what could shift people in the earlier stages towards cycling could 

provide a useful tool for creating targeted policies that are more efficient at 

fostering a change in behavior towards cycling.  

A conceptual model of change behavior to bicycle was proposed, based on travel 

decision theories, planned behavior, social learning, and stages of change, which 
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set the underlying framework for qualitative and quantitative research. The 

referred conceptual model splitting  the analysis into a ȰBÅÆÏÒÅȱ ÁÎÄ an ȰAÆÔÅÒȱ of a 

change in behavior: whether people become cyclists or not. However, the behavior 

change should be viewed as a transition process, rather than an instant moment. 

The challenge is to measure and model the key factors that lead to a change in 

travel behavior towards cycling, as well as to identify the perceived barriers 

towards, and expectations for, cycling. Modeling can help to unravel the underlying 

combination of causes that may be further extrapolated or transferred to other 

cycling environments, and thus support the planning and design of pro-cycling 

policies and actions.  

Besides being a support for the subsequent research tasks of this thesis, this task is 

a contribution to the state-of-art of cycling market segmentation and it intends to 

show how useful it can be to outline different policy approaches for the cycling 

planning practice. 

 From barriers and motivators to bicycle  7.1.2.

This research task explored the perceived barriers to and the motivators to cycling, 

and how ÔÈÅÙ ÁÒÅ ÐÒÅÓÅÎÔ ÏÒ ÃÈÁÎÇÅ ÏÖÅÒ ÔÉÍÅȟ ÔÈÒÏÕÇÈÏÕÔ Á ÃÉÔÙȭÓ cycling maturity 

evolution. There is a general assumption that barriers to cycling have opposing 

motivators, and that acting on these motivators will eventually remove those 

barriers. Based on a review of the literature, it is not uncommon for researchers to 

seek to understand the barriers to bicycling, addressing cyclists and non-cyclists as 

two different groups. However, the literature does not address the (less obvious) 

triggers that induce changes towards cycling separately from barriers to cycling. 

There is even less research in cities with low cycling development and maturity, 

which typically have a sizeable non-cyclist population, where the potential cyclists 

are included. This task aimed to: understand the key motivators and deterrents to 

cycling in an LCM city; compare the perceived barriers to cycling between cyclists 

and non-cyclists; compare triggers and motivators to start cycling between cyclists 

and non-cyclists; and understand how they are present or change over time, 

ÔÈÒÏÕÇÈÏÕÔ Á ÃÉÔÙȭÓ ÅÖÏÌÕÔÉÏÎȢ 

From the analysis of a survey data to cyclists and non-cyclists in Lisbon, it was 

found that the factors related to the perception of safety, effort, the lack of a cycling 

network, and bicycle ownership were considered relevant barriers for both groups 

of Cyclists and Non-Cyclists. The Non-#ÙÃÌÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓ ÔÏ ÂÉÃÙÃÌÅ ÁÒÅ related 

with infrastructure, and bicycle availability and ownership. Consistently, those 

factors were pointed as relevant motivators by Non-Cyclists (with a particular 

emphasis on e-bike availability) and as relevant triggers to bicycle by Cyclists in 

this LCM city, although not on the top of the most relevant ones. Personal concerns 

and interests are more relevant triggers for Cyclists, playing an important role in 

the decision to adopt cycling. 
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Although there is a general similarity between the perceived barriers between 

Non-Cyclists and Cyclists, there is not a similarity between the triggers that led 

Cyclists to bicycle and the expectations the Non-cyclists have regarding of what 

could make them switch to cycling. Nevertheless, the Non-#ÙÃÌÉÓÔÓȭ ÐÅÒÃÅÉÖÅÄ 

barriers and motivators to bicycle are much related. 

As also found, the motivators for cycling vary over time, and it is expected that they 

also change as cities transition along cycling maturity levels. In an LCM city, there 

is an expectation that people will start cycling without or with little infrastructure 

and few facilities. With time and implementation of policies that support increased 

cycling, the factors that lead people to bicycle also change. What triggered people 

ÔÏ ÂÅÃÏÍÅ ÔÈÅ ȰÆÉÒÓÔ ÇÅÎÅÒÁÔÉÏÎȱ ÏÆ ÃÙÃÌÉÓÔÓ ÉÓ ÎÏÔ ÔÈÅ ÓÁÍÅ ÁÓ ×ÈÁÔ ÔÒÉÇÇÅÒÅÄ 

subsequent generations of cyclists. 

The evolution of cycling maturity of cities is a continuous process from an LCM 

until an HCM. However, this continuum of evolution occurs also within each of 

these levels of cycling maturity. For instance, the results from the time effect 

analyses suggest that the first generation taking-up cycling had different 

requirements for cycling when compared with the most recent generation that, 

while having access to better cycling conditions, expressed different concerns to 

change behavior towards cycling. For example, peer pressure, advocacy for cycling 

(e.g., the critical mass in Lisbon) or personal experiences (e.g., having lived in or 

visited a more cycling-mature city) exerted much more influence on behavioral 

change than nowadays. Interestingly, individual concerns (for instance, 

environmental, health, physical and political) are constant triggers to shift to 

cycling, over time. As such, one would argue that these should be triggers to target 

with specific policy measures, on a continuous basis (as they are constant concerns 

for everyone), but complementary policy measures are needed to match the 

remaining motivators highlighted by Non-Cyclists.  

The relationship between the observed choice to bicycle and the factors 

influencing this choice is complex. However, overcoming perceived barriers to 

cycle may not be enough to make the modal shift, as learned from Cyclists. 

Individuals make deliberated choices, but also life circumstances and contextual 

changes play an important role in behavioral change. For example, breaking a leg 

or having a new bike lane in ÏÎÅȭÓ ÈÏÍÅ ÓÔÒÅÅÔ ÃÁÎ ÓÔÒÏÎÇÌÙ ÉÎÆÌÕÅÎÃÅ ÂÅÈÁÖÉÏÒȢ 

What happens, in reality, is not necessarily related to the expectations people have 

to start bicycling. 

This research task contribut es to the understanding of cycling behavior change, 

and to the identification of the barriers to cycling and the understanding of triggers 

that led people to cycle in a low cycling maturity city. Additionally, it is a 

contribution to  the planning and definition of local policies and actions (hard and 

soft measures) that can potentially foster a modal shift to cycling in cities with low 
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rates of cycling. The proposed methodology to understand and compare the 

barriers and motivators to bicycle is transferable to other contexts, regardless of 

their cycling maturity level. From the results, practitioners should look at the 

barriers and motivators in the fields of urban planning and engineering with a 

strong focus on the built  environment and built interventions, regulation, and 

programs. 

 From modeling  self-assessed propensity to bicycle in a n LCM city 7.1.3.

In the context of changing cycling maturity, policies and interventions outlined and 

directed toward people who are willing to cycle (or cycle more often) should be a 

priori ty when attempting to increase cycling modal shares. 

The conceptual model for change drawn in the first task of this research provided 

the framework for modeling the key factors that lead to a behavior change, in 

order to adopt cycling. Potential cyclists were segmented in sub-groups, based on 

the TTM conceptual model, using as a dependent variable their self-assessment of 

propensity to change to bicycle, and were characterized by their socio-

demographic, personal traits, and experience in cycling variables. The outcome of 

this process was de definition of four sub-groups: the non-cyclists (nothing would 

make them bicycle), the pessimists, the optimists and the enthusiasts. Assuming 

that potential cyclists have assigned a probability to changing behavior directly 

proportional to how Ȱcloseȱ they are to becoming cyclists, it can be said that 

pessimists are at an early stage of change, and enthusiasts position themselves at a 

more advanced stage in the process of transition to change.  

The expected transition change towards cycling was intended to be assessed in 

this task, by modeling the probability of belonging to each class regarding the 

motivations to bicycle. The results of a set of binary logit models were used to 

assess the factors that are more likely to define the belonging to each sub-group, in 

Á ÔÒÁÎÓÉÔÉÏÎÁÌ ÏÒÄÅÒ ÔÏ ÂÅÌÏÎÇ ÔÏ ÔÈÅ #ÙÃÌÉÓÔȭÓ ÇÒÏÕÐȢ It was found that the impacts 

of cycling infrastructure and equipment are higher on the definition of the 

membership to the earlier stages of change, while the facilities and practical needs 

ɀ such as room to store a bicycle and be able to bring a bike in public transit ɀ have 

higher impacts on the membership of the middle stages, closer to cycling. And in 

the endȟ ÉÎÄÉÖÉÄÕÁÌȭÓ ÓÏÃÉÁÌ ÉÎÆÌÕÅnce and personal concerns provide a final push to 

change behavior and take up cycling  

This research task summarizes a set of comprehensive policies and measures that 

respond to the identified needs, for different transition stages to change behavior 

towards cycling, by acknowledging the motivations of potential new cyclists and 

learning from current  recent cyclists. "ÁÓÅÄ ÏÎ -ÁÓÌÏ×ͻÓ ÁÎÄ 3ÉÎÇÌÅÔÏÎȭÓ 0ÙÒÁÍÉÄÓ 

of Needs and Travel Needs, a Pyramid of Cycling Needs was outlined, centered on 

the results of the modeling process of needs to transition to bicycling, placing the 

identified differentiating needs of Pessimists/Optimists, Optimists/Enthusiasts, 
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and Enthusiasts/Cyclists by order of propensity to change to cycling. The Pyramid 

summarizes the hierarchy of needs to cycling and informs which interventions and 

policies have impact, and to whom, on raising the probability to belong to each 

stage of change towards cycling, and thus, rising cycling levels if those needs are 

suppressed. Results do also suggest that there is a cumulative progress from the 

early to the later stages of behavior, i.e., the final push of social influence and 

personal concerns are not sufficient for the effective change to regular bicycling if 

people do not know how to ride a bike or if there are not sufficient cycling 

infrastructure. The results of this task of the research can be translated into 

effective policies, program interventions, and design guidelines, by bearing in mind 

that if the basic needs are provided, the propensity to be closer to shift to bicycle is 

higher. 

The Pyramid of Cycling Needs is a contribution to fill a scale of greys between the 

theories that sustain that building bicycle infrastructure and facilities will foster 

cycling, and the theories that sustain that individual beliefs and social norms play 

an important role to change to bicycle. 

When applying a methodology to identify optimism bias, it was found that 37% of 

the most enthusiast potential cyclists are less likely to take up cycling due 

restrictions. Findings from other research revealed a 27% optimist bias for a group 

of respondents in the same stages of change with the same restrictions criteria, but 

for a different population. These findings suggest the existence of an optimism bias 

regarding to willingness to take up cycling on a stated preferences survey of about 

one third, but further research is needed. 

 From assessment of the impact of hard measures for bicycle 7.1.4.

promotion in Lisbon  

Recent municipal investments in cycling infrastructure and equipment in Lisbon 

were an opportunity to measure how much the expansion of a utilit arian-oriented 

cycling network and an electric shared bicycle system can potentially impact 

cycling levels, and how these initiatives  contribute to overcoming barriers to 

bicycle adoption in an LCM city. 

Throughout manual counts of cyclists, prior and post interventions carried out in 

2016, 2017 and 2018 in 45 different locations in the city of Lisbon, it was possible 

to measure a 3.5-fold increase of ÔÈÅ ÃÙÃÌÉÓÔÓȭ ÖÏÌÕÍÅ ÉÎ ÔÈÅ ÃÉÔÙ ÃÅÎÔÅÒȟ ÁÆÔÅÒ ÔÈÅ 

cycling network expansion, and an additional 2.5-fold after the launching of a bike-

ÓÈÁÒÉÎÇ ÓÙÓÔÅÍȢ )Î ÔÈÅ ÃÉÔÙ ÃÅÎÔÅÒȟ ÔÈÅ ÃÙÃÌÉÓÔÓȭ ÖÏÌÕÍÅ ÉÎÃÒÅÁÓÅÄ ψρχϷ ÁÆÔÅÒ ÂÏÔÈ 

interventions, from 2016 to 2018. The method allowed to assess the effects of each 

policy separately and combined, by distinguishing bike-sharing cyclists from the 

others. Overall, it was also observed an increase of women share, from 16% to 

21% of the bicycle users between 2017 and 2018, and a decline of helmet wearing, 

which suggests that the built environment got safer for bicyclists.  
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The results from this task ÓÕÇÇÅÓÔ ÔÈÁÔ ȰÈÁÒÄȱ ÍÅÁÓÕÒÅÓ ÆÏÒ ÂÉÃÙÃÌÅ ÐÒÏÍÏÔÉÏÎȟ 

such as cycling infrastructure  and bike-sharing systems can have massive impacts 

in raising levels of bicycle modal share in an LCM city, where there is almost no 

cyclists and bicycle infrastructure. The results suggest that such interventions are 

a game-changer to start the process of a city's progression towards higher cycling 

maturity levels, especially if they are implemented in a city with almost no cycling 

modal share, such as this research case study. 

 Answering the research questions  7.1.5.

The following paragraphs attempt to answer the starting questions for this 

research:  

Q1. How are potential cyclists defined and identified? 

As a result from the revision of the literature (chapter 2), potential cyclists can be 

defined as a population that is willing to bicycle if a number of conditions are 

fulfilled; and identified by a rule-based decision criteria using direct and objective 

ÑÕÅÓÔÉÏÎÓȢ )Ô ÉÓ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓ ÁÒÅ Ȱ3ÏÍeone who cycled at least 

once in the past 12 months for recreation or commuting and would cycle again if a 

number of conditions were fulfilled, or someone who did not cycle in the past 12 

ÍÏÎÔÈÓ ÂÕÔ ÉÓ ×ÉÌÌÉÎÇ ÔÏ ÄÏ ÉÔȱȢ  

Q1.1. How can sub-groups of potential cyclists be identified? 

An attempt is made to segment the large group of potential cyclists ɀ that tends to 

be large in LCM cities ɀ in sub-groups and characterize them, in order to draw 

tailored policies targeted to each segment. Several experiments were carried out to 

segment this population. Based on the existing theories, assuming that potential 

cyclists assign a probability to changing behavior directly proportional to how 

Ȱcloseȱ they are to becoming cyclists, we can segment them in earlier and latter 

stages in the process of transition to change (based on the Transtheoretical 

Model). It can be said that the ones with less motivation to change behavior are at 

an early stage of change, and the ones with higher motivations position themselves 

at a more advanced stage. These segments of population have different needs to 

shift to cycling. In this research, segments of potential cyclists labeled as 

Ȱ0ÅÓÓÉÍÉÓÔÓȱȟ Ȱ/ÐÔÉÍÉÓÔÓȱȟ ÁÎÄ Ȱ%ÎÔÈÕÓÉÁÓÔÓȱ ×ÅÒÅ ÃÈÁÒÁÃÈÔÅÒÉÚÅÄ ÁÎÄ ÃÏÍÐÁÒÅÄ 

×ÉÔÈ ÔÈÅ Ȱ#ÙÃÌÉÓÔÓȱ ÉÎ ÔÈÅÉÒ socio-demographic and housing variables, personality 

traits and cycling experience, as shown in section 5.1.  

Q2. How far do perceived barriers for non-cyclists condition their motivation to 

bicycle? 

Theories of behavior change and modal choice, explored in the Literature Review 

chapter, contribute to the understanding how the perceived barriers are weighted 

on the decision to change behavior. The following supporting questions and the 

conclusions of chapters 4 and 5 help to answer this question, by taking into 

account not only the non-ÃÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓ ÂÕÔ ÁÌÓÏ ÔÈÅÉÒ ÍÏÔÉÖÁÔÏÒÓȢ 
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Q2.1. Are the perceived barriers and motivators alike for all non-cyclists? 

In this case study it was found that non-cyclists' motivators to bicycle are related 

to their perceived barriers. It was also found that motivators and needs are 

different depending on the stage they are in the transition to change process. So, it 

can be concluded that non-cyclists barriers and motivators are not alike for the 

whole population, as demonstrated by the survey results. 

Q2.2. Are the perceived barriers and triggers alike for all cyclists? 

)Ô ×ÁÓ ÆÏÕÎÄ ÔÈÁÔ ÃÙÃÌÉÓÔÓȭ ÐÒÅÖÉÏÕÓ ÐÅÒÃÅÉÖÅÄ ÂÁÒÒiers are not much related to 

what eventually made them shift to cycling. Not all the cyclists have the same 

ÐÅÒÃÅÐÔÉÏÎÓȢ $ÅÓÐÉÔÅ ÔÈÁÔ ÔÈÅ ÃÙÃÌÉÓÔÓȭ ÒÅÓÐÏÎÄÅÎÔÓ ÉÄÅÎÔÉÆÉÅÄ ÄÉÆÆÅÒÅÎÔ ÂÁÒÒÉÅÒÓ ÁÎÄ 

triggers, their perceived barriers were more constant in time, than their triggers.  

Q2.3. Are the barriers to cycling similar for non-cyclists and cyclists?  

For this case study, cyclists' and non-ÃÙÃÌÉÓÔÓȭ ÂÁÒÒÉÅÒÓ ÔÏ ÂÉÃÙÃÌÅ ÁÒÅ ÖÅÒÙ ÓÉÍÉÌÁÒȟ 

however the motivators to bicycle are not similar between both groups. 

 

Q3. What triggers non-cyclists to take up cycling in a city with little cycling 

infrastructure and facilities? 

Depending on their willingness to take up cycling and their motivators and needs, 

non-cyclists may require actions ranging from learning to ride a bike, to being able 

to take a bike on public transport, or needing to improve their health. The 

following supporting questions and answers assist to better understand and 

answer this research question.  

Q3.1. Do the triggers identified by active cyclists correspond to the motivators 

identified by the non-cyclists? What are the key differences, if any? 

It is suggested that there is no similarity between the triggers that led people to 

bicycle and the motivators non-cyclists have regarding what could make them 

change to bicycle. The relevant triggers for cycling are not considered relevant 

motivators for non-cyclists, and vice-versa, except for the cycling infrastructure 

expansion. For non-cyclists, the most relevant motivators are: the expansion of the 

cycling network; moving closer to work, school or home; owning an electric-

bicycle; better and easier access of bicycles on public transit; having room to store 

a bike at home; and the existence of a bike-sharing system. Environmental 

concerns lead the list of factors that triggered cyclists to start bicycling, along with 

interest in personal health and concern with physical fitness. The affordability of 

cycling, owning a bicycle and the cycling network expansion were also relevant 

triggers. 



Rosa Félix 

141 

Q3.2. Is it possible to establish a relationship between the triggers and the time of 

shifting in the city context? 

Yes. It was possible to identify different time periods with different contexts of 

investment in infrastructure, facilities, and public policy initiatives for bicycle 

transportation , as well as external factors, and establish a relationship between the 

triggers and the time of shifting. Results suggest that the triggers for cycling vary 

over time, and it is expected that they also change as cities transition along cycling 

maturity levels.  

Q3.3. What moves potential cyclists to become cyclists? 

Potential cyclists are not all the same. They can be segmented according to their 

willingness to change behavior to cycling, and these segments of population have 

different needs. In the earlier stages of change, the impacts of cycling 

infrastructure and equipment are higher on their membership definition. The 

facilities and practical needs (i.e. room to store a bicycle, bring a bike in public 

transit) have higher impacts on the membership of the middle stages, and finally, 

ÉÎÄÉÖÉÄÕÁÌȭÓ ÓÏÃÉÁÌ ÉÎÆÌÕÅÎÃÅ ÁÎÄ personal concerns provide a final push to change 

behavior and take up cycling. 

Q3.3. What is the impact of the expansion of a segregated cycling network and a 

bike-sharing system in cycling levels in a low cycling maturity city? 

Based on the results of the methods applied in the case study, the expansion of a 

segregated cycling network induces major impacts on levels of bicycle usage, and 

the implementation of a bike-shared system also raises the cycling modal share, 

making an LCM city transition to a higher maturity level. Nevertheless, these 

impacts were also observed in other cities, regardless of their cycling maturity 

levels, as the case studies in the literature have been showing us.  

During this research process, other questions were raised and aimed to answer, 

meaning that this thesis evolved and does not necessarily strict to the 

aforementioned questions. Furthermore, many questions that have been raised 

have still not been answered and are therefore possible future research 

developments. 

 Overall summary  7.1.6.

Cities with high levels of cycling modal share, like Copenhagen or Amsterdam, are 

held out as urban planning models for cycling and have been receiving great 

attention and research over the last decades. This is for a good reason: much can 

be learned from such cities on how urban cycling can compete with the remainder 

transportation modes for a relevant modal share. However, few studies have been 

addressed the case of cities with fewer cyclists and almost no cycling 

infrastru cture or facilities, where gains in cycling modal shares can have significant 

impacts in urban areas in terms of avoiding private car trips and corresponding 
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negative externalities. Furthermore, the literature does little to inform the best 

strategies to significantly increase cycling levels in these cities. Low cycling 

maturity cities face difficult  challenges because there are few cyclists, and local 

authorities often are not interested in collecting data on who is bicycling (and who 

is not), and to understand the barriers and motivators of the potential cyclists. 

This thesis contributes for the advancement of scientific knowledge in the field of 

sustainable urban mobility and travel behavior, which has been receiving 

considerable attention from the scientific community ɀ although not in low cycling 

maturity  cities. It contributes to understanding how LCM cities may significantly 

increase bicycle modal share from near zero cyclists, and how to transition to a 

higher maturity level. Furthermore, it adds important insights on the cycling 

situation in Lisbon and the impact of concrete hard measures for bicycle 

encouragement. 

By adopting an approach that targets policies to different segments of population 

that are willing to bicycle, but have different needs, this research proposes a 

Pyramid of Cycling Needs, which structur es the most relevant needs of the 

potential cyclists in an hierarchical order, from the population that is farther to the 

ones that are closer to change behavior to cycling. 

For cities with low cycling maturity levels that want to commit to urban cycling, 

this research informs structur ed public investment in cycling, providing insights to 

encourage people that do not bicycle to progressively change behavior and, 

eventually, shift to cycling. However, considering the urban mobility system, it is 

known that policies to encourage cycling are more efficient and provide better 

results when policies to discourage the use of other modes of transport are applied 

in an articulated and coordinated approach. 

This research supports the definition of effective public transport  policy, planning 

and infrastructure interventions that foster cyclingȢ 4ÈÅ 5.ȭ 17 Sustainable 

Development Goals ɀ in particular the 11th - Sustainable Cities and Communities, 

and the 13th - Climate Action ɀ are clearly addressed, and can benefit from such 

policies. 

 Limitations  and Further Research  7.2.

The relationship between the observed choice to bicycle and the factors 

influencing this choice is a complex analysis process. Regarding the limitations of 

this research, it is known that relying on stated preferences data, as was mostly 

done in this research, one should ensure that the findings and conclusions are 

taken with caution, due a pro-social behavior on the given answers that might 

produce bias. Some of this optimism bias was identified in the end of chapter 5, 
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although a methodology relying on reveled preferences would give more reliable 

results to discuss. 

Also, in order to better assess the transition or the behavior change of an 

individual, longitudinal data would be preferred over static data, as used in this 

research. However, concerning the available time to conduct this research, this was 

not possible. 

Regarding the typologies of urban cyclists, many aspects were explored in this 

research, but others may become relevant to explore deeper in further research, 

such as: if there are different socio-demographic profiles for different types of 

ÃÙÃÌÉÓÔÓ ÉÎ ÄÉÆÆÅÒÅÎÔ ÃÉÔÉÅÓȠ ÉÆ ÔÈÅ ÃÙÃÌÉÓÔÓȭ ÔÙÐÏÌÏÇÉÅÓ ÁÒÅ ÔÈÅ ÓÁÍÅ ÉÎ ÄÉÆÆÅÒÅÎÔ ÃÙÃÌÉÎÇ 

maturity levels, or if there are some types that disappear or arise; and which are 

ÔÈÅ ȰÐÒÅÄÏÍÉÎÁÎÔȱ ÇÒÏÕÐÓ ÉÎ ÅÁÃÈ ÓÔÁÇÅ ÏÆ ÔÈÅ ÃÙcling maturity. 

This research would benefit if a comparisons with other LCM cities was performed, 

although regarding cycling this kind of cities are scarce in the literature. It would 

also benefit if the barriers and motivators to bicycle were compared with the 

barriers and motivators to bicycle of non-cyclists and cyclists from a city with high 

cycling maturity. Nevertheless, the same survey was applied to Portland, an HCM 

city, which collected 231 responses, between March and April 2018, and the 

analysis of the survey results and comparison with the findings from this thesis 

provides an opportunity for future investigation. 

7ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ ÓÅÇÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ÌÁÒÇÅ ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÇÒÏÕÐȟ it is 

acknowledged that other methods could be considered to create and characterize 

sub-groups. For instance, cluster analysis and other regression models, such as 

ordered models, could have been used to better define and characterize the 

ÐÏÔÅÎÔÉÁÌ ÃÙÃÌÉÓÔÓȭ ÓÕÂ-groups. It is also recognized that the modeling process could 

be more exhaustive, making usage of the existing software tools that allow 

exploring the effects of combination of variables on the binary logit models. The 

analysis of those effects might provide insights of how combinations of 

interventions together impact the probability of belonging to one stage of change, 

instead a single intervention. Some interactions were already tested although they 

did not produce obvious or significant outputs on the models, and for that reason 

they were not mentioned. Moreover, in order to capture the effect of latent 

variables on the behavior change, it can be explored the use of a structural 

equation model (SEM). 

Finally, it would be interesting to develop predictive models of the impact of each 

policy and intervention on cycling modal share levels, using the case study city as 

reference, and comparing with the produced effects of known interventions in 

similar cities. 
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A.1 

 A. Typologies of cyclists  
Table A.1 ɀ Detailed  analysis of methods for cyclist segmentation and typology definition . 

Location  Reference 

Typology defined based on  
Consider 

non-
cyclists  

Method  Purpose of segmentation  

Cycling 
modal 
share 
[%]  

Cycling 
infrastru

ctures  
Usage / 

Frequency  
Purpose  

Cycling 
facilities 

dependence 

Weather 
conditions  

USA 
FHWA (W. C. 
Wilkinson et al., 
1994) 

  x   Expert judgment Planning guidance na na 

Sydney 
City of Sidney Council 
(2007) 

 x   x Expert judgment Planning guidance ɍρ-σɎ ++ 

Europe ECF (Mayne, 2008)  x   x Expert judgment Segmentation per se na na 

Wales 
Welsh Department 
for Transportation 
(2008) 

 
x 

   
Expert judgment Planning guidance ÎÁ na 

Belgium 
Belgian Road Traffic 
Research Centre 
(2009) 

x 
    

Expert judgment Planning guidance na na 

Portugal IMTT (2011) 
 

x 
   

Expert judgment Planning guidance na na 

Australia Austroads (2014) 
 

x x 
  

Expert judgment Planning guidance na na 

Sweden 
Bergström and 
Magnusson (2003) 

x 
 

x x x Rule based decision 
Socio-demographic profiles, 
transport mode choice 

na na 

Portland, OR 
USA 

Geller (2006); Dill 
and McNeil (2013)  

x x 
 

x 
Expert judgment / 
Rule based decision 

Segmentation per se ɍυ-ρπɎ +++ 

Sydney 
Taverner Research 
(2009) 

x 
   

x Rule based decision 
Compare cycling views, 
behavior and actions between 
2006 and 2009 

ɍρ-σɎ ++ 

Vancouver Winters et al. (2011) x 
    

Rule based decision 
Socio-demographic profiles, 
route choice preferences 

ɍσ-υɎ ++ 

Netherlands Heinen et al. (2011) x x 
  

x Rule based decision 
Decision to cycle for 
commuting 

na na 
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A.2 

Location  Reference 

Typology defined based on  
Consider 

non-
cyclists  

Method  Purpose of segmentation  

Cycling 
modal 
share 
[%]  

Cycling 
infrastru

ctures  
Usage / 

Frequency  
Purpose  

Cycling 
facilities 

dependence 

Weather 
conditions  

Dar-es-
Salaam 

Nkurunziza et al. 
(2012) 

x x 
   

Rule based decision Segmentation per se ɍυ-ρπɎ 0 

Montréal 
Larsen and El-
Geneidy (2011) 

x 
 

x 
  

Self-decision 
Socio-demographic profiles, 
route choice preferences 

ɍρ-σɎ +++ 

UK Davies et al. (2001) x x 
  

x Cluster analysis Segmentation per se na na 

Lisbon Félix (2012) 
 

x 
   

Cluster analysis 
Socio-demographic profiles, 
route choice preferences 

ɍπ-ρɎ + 

Netherlands 
Kroesen and Handy 
(2014) 

x x   x Cluster analysis 
Socio-demographic profiles, 
Distance sensitivity to decision 
to cycle  

na na 

UK 
Gatersleben and 
Haddad (2010)  

x 
   

Factor analysis Socio-demographic profiles na na 

Montréal 
Damant-Sirois et al. 
(2014) 

x x x x 
 

Factor analysis Segmentation per se ɍρ-σɎ +++ 

 
NA ï not available, problem investigated but no results. 

na ï not applicable. 

0  no cycling infrastructure 

+ some bicycle paths but an unconnected network 
++ good density of bicycle paths but an unconnected network 

+++ good density of bicycle paths and a connected network 
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Inicio  

 
1.1. 

Inquérito sobre hábitos de mobilidade em Lisboa 

Este questionário tem como objectivo caracterizar as escolhas de mobilidade e transportes de residentes, 
trabalhadores ou visitantes de Lisboa. 
Em particular, pretende-se compreender as barreiras e motivações à utilização da bicicleta em meio urbano, para 
melhor apoiar o desenho de políticas de promoção deste modo. 

 
O inquérito está dividido em 4 grupos de questões que procuram cobrir: 

Os seus padrões de mobilidade 
A sua atitude actual face à utilização da bicicleta em meio urbano 
As suas características pessoais 
As características da sua habitação 

 
Tempo estimado para preenchimento do formulário: 15 a 25 minutos . A qualquer momento poderá parar e retomar 
o preenchimento, as suas respostas ficarão guardadas. 
Todas as perguntas são de resposta fechada, à excepção de uma questão final de resposta aberta, a qual é 
opcional. 

 
Desaconselhamos o preenchimento em smartphone. 

 
 

Agradecemos desde já a sua participação. 
 
 
 

1.2. Este questionário é realizado no âmbito de uma tese de doutoramento em Sistemas de Transportes, do Departamento de Engenharia 
Civil e Arquitectura do Instituto Superior Técnico (Universidade de Lisboa), em parceria com a Portland State University (EUA). Os resultados 
deste estudo poderão ser divulgados em eventos, publicações em livros e revistas, e nos meios de comunicação virtuais na esfera académica. 
As respostas são anónimas, e serão alvo de análise de dados para fins académicos. Os dados recolhidos não serão partilhados com outras 
entidades. Para dúvidas ou questões relacionadas com este questionário, envie um email para: info@inquerito.bike 

 

Concordo em participar voluntariamente neste inquérito. Estou ciente do objectivo desta investigação, de 

que os resultados desta investigação poderão ser difundidos nos meios de comunicação académicos e  

de que este questionário é anónimo, não permitindo a identificação do/a participante. 
 

Lisboa  

2.1. É residente, trabalhador ou visitante regular em Lisboa? 
 

Sim 

Não 

Agradecemos a sua participação  
 

3.1. Agradecemos a sua participação  

 
3.2. 
Se desejar deixar um comentário, por favor utilize a caixa de texto em baixo. 
 

 
 
 

3.3. Para submeter as suas respostas, por favor carregue em "Continuar".  
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Idade e Genero  
 

4.1. Idade 
Anos 

 

 

4.2. Género 
 

Feminino 

Masculino 

Outro 

25.1. Qual a sua situação laboral? 
 

Trabalhador/a em full-time 

Trabalhador/a em part-time 

Trabalhador/a e Estudante 

Estudante 

Desempregado/a, mas à procura de emprego 

Desempregado/a 

Pensionista ou Reformado/a 

Outra: 

 
25.11. Como classifica o seu local de trabalho? 

 

Trabalho em local fixo 

Trabalho a partir de casa 

Trabalho em diferentes locais 

Trabalho em local móvel (ex: taxista, estafeta, motorista, etc.) 
 
 

25.2. Quantos dias por semana se costuma deslocar ao seu local de trabalho/estudo? 
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A pé 
 

Automóvel ou motociclo 

Transportes públicos 

Bicicleta 

Transporte escolar ou 
da empresa 

 
Táxi ou semelhante 

Pelo menos 5 
vezes por 
semana 

 
3 a 5 vezes 
por semana 

 
1 ou 2 vezes 
por semana 

 
 
Esporadicamente 

 
 

Nunca 

 
 
 
 

A pé 
 

Automóvel, como condutor/a 

Automóvel, como passageiro/a 

Motociclo 

Autocarro ou eléctrico 

Metro 

Comboio 

Barco 

Bicicleta 

Bicicleta pública 
 

Transporte escolar ou da empresa 

Táxi ou semelhante 

Outro: 

 
 

Segunda opção 

Modo de transporte habitual 
ou combinação para a mesma 

viagem 

Mobilidade  

5.1. 

Hábitos de mobilidade 

Para as seguintes questões tenha como referência as deslocações realizadas nos últimos três meses.  

Considere viagens "A pé" apenas se forem exclusivas ou se representarem mais de 10 min numa viagem 
combinada. 

 

5.2. Quantas vezes utilizou cada modo de transporte (em média) para as suas  deslocações?  
 

 
5.3. Qual considera o seu modo  de transporte  habitual , nos seus trajectos entre casa e trabalho/estudo? 
Caso não trabalhe nem estude, refira-se aos seus destinos mais frequentes. 

 
Seleccione mais do que um modo na mesma coluna apenas se utiliza uma combinação de modos de 
transporte para a mesma cadeia de viagem . 
Exemplo: Para chegar ao meu trabalho apanho o Barco e o Metro. 

 

 
 Nem sempre se desloca da mesma  forma?  

Se considera que usa dois modos (ou combinações) de transporte habituais, por exemplo em diferentes dias da semana, 
indique-os em colunas separadas. 
Exemplo: "Por vezes opto por autocarro demorando menos de 10 min a pé até à paragem, e outras vezes uso o comboio, demorando 15 min a 
pé até à estação. Neste caso, selecciono Autocarro na primeira coluna e A pé + Comboio na segunda opção. 
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5.4. Quanto tempo costuma demorar a sua viagem entre casa e trabalho/estudo, desde  o momento  em que 
sai de casa até chegar ao seu  destino ? 
Caso não trabalhe nem estude, refira-se aos seus destinos mais frequentes. 

 

 
 

5.5. A sua viagem de ida e de regresso a casa, no mesmo dia, costuma ser feita pelo mesmo modo de 
transporte? 

 

 
 

5.6.  
Recorde-se de todas as viagens entre origem e destino da última terça -feira , ignorando o modo utilizado. 
Considere também as viagens para ir almoçar, ir ao café, ir deixar uma carta no correio a caminho de casa, 
mesmo que curtas. 
Ir para a paragem de autocarro, ou ir até ao automóvel estacionado não é considerado por si só como viagem. 
Considere ida e volta como 2 viagens. 

 
Quantas viagens fez na última terça-feira? 

 

 

5.6.2. Considera que foi um dia típico? 
 

Sim 

Não 

 

5.7. Afirmou que nos últimos 3 meses utilizou a bicicleta nas suas deslocações. 
Com que finalidade e em que altura da semana recorreu à bicicleta?  

 

 
5.8. Das seguintes opções de pagamento, quais subscreve? 

 

Título de transporte público mensal (Passe) 

Subscrição mensal ou anual de Sistema público de bicicletas partilhadas - GIRA, U-Bike ou outro 

Conta de Carsharing - CityDrive, DriveNow ou outro 

Conta de Scooters partilhadas - eCooltra ou outro 

Conta de Táxi a pedido - Uber, Cabify, Cooptaxis ou outro 

Nenhuma das opções acima 

 
 
 

Quando opto por: 
${q://QID156/ChoiceGroup/SelectedChoicesForAnswer/1} 

Quando opto por: 
${q://QID156/ChoiceGroup/SelectedChoicesForAnswer/2} 

 
Nunca 

 
Por vezes 

Sim, quase 
sempre 

Sim, 
sempre 

 
 
 

Para ir para o trabalho ou escola 

Para visitar amigos ou família 

Para ir a lojas, supermercado, restaurantes, bares e 
entretenimento 

 
Para ir para actividades extra-escolares ou colectivas 

Para praticar desporto 

Para lazer ou turismo 

Fim-de- 
semana 

 
Dias úteis 

 
Nunca 
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5.9. Em geral, como classifica o seu gosto em usar cada um dos seguintes modos de transporte? 
Considere também viagens para além de casa-trabalho/estudo. 

 

 

Fluxo  
 

6.1. Nos últimos 12 meses deslocou-se alguma vez de bicicleta em Lisboa, mesmo que para lazer? 
 

Sim 

Não 

 
6.2. No último mês utilizou a bicicleta para ir para o trabalho/escola ou outras actividades diárias? 

 

Sim 

Não 

 
6.3. Considera a hipótese de se deslocar de bicicleta alguma vez nos próximos 3  meses ? 

 

Sim 

Não 

 
6.4. Tem algum interesse ou considera deslocar-se de bicicleta alguma vez nos próximos  12 meses , mesmo 
que para lazer? 

 

Sim 

Não 

 
6.5. Já utilizou a bicicleta anteriormente de forma regular para deslocações habituais, em Lisboa , e depois 
desistiu? 

 

Sim 

Não 

 

 

 
 
 

A pé 

Automóvel 

Autocarro 

Eléctrico 

Metro 

Comboio Urbano ou Sub- 
urbano 

Barco 

Bicicleta 

Motociclo 
 

Táxi 

 
Adoro 

 
Gosto 

 
Indiferente 

 
Não gosto 

 
Detesto 

Nunca 
experimentei 



B.8 

7.1. Qual a sua postura em relação a circular de bicicleta em meio urbano? 
 

Eu desloco-me de bicicleta quase sempre 

Eu por vezes desloco-me de bicicleta 

Eu não me desloco de bicicleta mas estou interessado/a em fazê-lo 

Não estou interessado/a nem estarei nos próximos anos 

 
7.2. Qual o seu nível de confiança ao circular de bicicleta em meio urbano? 

 

Muito confiante 

Confiante mas cauteloso/a 

Não estou confiante em circular na rodovia 
 
 

7.3. Em meio urbano, considera-se um/a utilizador/a de bicicleta: 
 

Experiente 

Com alguma experiência 

Principiante 

Inexperiente 
 

Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 
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Ciclistas - Motivos adocao  
 

8.1. Para as seguintes  questões,  tente  recordar -se de quando  utilizava  a bicicleta  de forma  regular,  antes 
de desistir.  

8.2. Há quanto tempo começou por usar a bicicleta nas suas deslocações habituais em Lisboa? 
 

 

8.3. Qual o modo de transporte (ou combinação de modos) que reduziu a frequência de utilização, depois de 
optar pela bicicleta, há [X] anos? 

 

A pé 

Automóvel 

Motociclo 

Transportes públicos 

Sempre usei a bicicleta como modo de transporte 

Outro: 

 

 
8.4. Para esta questão,  tente  recordar -se do momento  referido  de há [X] anos . 

 
O que fez com que optasse por usar a bicicleta nas suas deslocações?  
Pense se existiu algum factor decisivo, nalgum momento, que o fez tomar essa decisão. 
Seleccione, da seguinte lista, todos os factores que se aplicam ao seu caso. 

 
BICICLETA  

Aquisição ou oferta de uma bicicleta 

Aquisição ou oferta de uma bicicleta adequada a deslocações na cidade 
 

Aquisição ou oferta de uma bicicleta eléctrica 

Aprendi a andar de bicicleta 

Aprendi a andar de bicicleta em meio urbano, através de aulas de condução e/ou acompanhamento 

RESIDÊNCIA E TRABALHO  

Passei a residir próximo/a do local de trabalho/estudo/convívio 

Mudei de local de residência 

Mudei de local de trabalho/estudo 

A minha residência passou a ter espaço para guardar uma bicicleta 

A minha indumentária de trabalho passou a ser compatível com deslocações em bicicleta 

Passou a estar disponível um chuveiro ou balneário no meu local de trabalho/estudo  

É/era a minha ferramenta de trabalho (ex. estafeta de bicicleta) 

OUTRAS CIDADES 

Vivi noutra cidade onde era comum as pessoas deslocarem-se de bicicleta 

Visitei outra cidade onde era comum as pessoas deslocarem-se de bicicleta 

INFRAESTRUTURAS, EQUIPAMENTOS E SEGURANÇA  

Expansão da rede de ciclovias 

Aumento do número de parques de estacionamento para bicicletas 

Existência de um sistema de bicicletas de uso partilhado 

O tráfego automóvel passou a circular com menor velocidade 
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INTERESSES 

Preocupação com melhoria da forma física 

Preocupação com condições de saúde 

Preocupação ambiental 

Preocupação em transmitir uma mensagem política 

Questão de imagem, transmitir aos que me rodeiam que utilizo um modo sustentável 

Questão de moda 

CÍRCULOS PESSOAIS 

Influência de familiares 

Influência de amigos 

Influência de colegas 

EVENTOS, CAMPANHAS E MÉDIA  

Participação em evento tipo Massa Crítica 

Participação em evento ou competição tipo Bike to Work Day 

Campanhas de promoção da bicicleta, levadas a cabo pelo meu empregador/estabelecimento de 

ensino 

Campanhas de promoção da bicicleta, levadas a cabo pelo Município ou Junta de Freguesia 

Campanhas de promoção da bicicleta, levadas a cabo por Associações, Colectividades ou outras 

Organizações Não-Governamentais 

Campanhas de promoção da bicicleta, levadas a cabo por entidades comerciais, tipo World Bike Tour 

Publicidade 

Revistas da especialidade 

Artigos de jornal, blogues ou revistas 

Aplicações tipo Strava ou MapMyRide 

PREÇOS OU TRANSPORTES PÚBLICOS  

O estacionamento no meu local de trabalho/estudo deixou de ser gratuito 

Subida do preço da gasolina/gasóleo 
 

Subida do preço dos transportes públicos 

Chegar rapidamente à rede de Transportes Públicos 

O sistema de transportes públicos passou a permitir transportar bicicletas 

Degradação dos sistemas de transportes públicos (Merto / Carris / CP) 

PESSOAIS 

Deixei de ter de levar crianças à escola 

A bicicleta era o modo mais barato quanto comparado com outros modos de transporte 

Sabia que ia ser o modo mais rápido quando comparado com outros modos de transporte 

Fiquei sem automóvel 

Outro: 

 
 

8.6. 
Dos items anteriores, quais os factores mais importantes que contribuíram para a sua decisão de 
utilizar a bicicleta? 
Seleccione até 5 factores. 
Seleccione e arraste cada item seleccionado para dentro da caixa. 

 
 

 
 

OS FACTORES MAIS IMPORTANTES  
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8.8. 
Se o seu motivo mais importante valer 10 pontos, quanto valem os restantes? 

 
Pontue a importância relativa dos motivos seleccionados anteriormente. 
Sugestão: manter o motivo mais importante com 10 pontos, e atribuir pontuação aos restantes. 

 
 [slider 0-�������S�D�U�D���F�D�G�D���P�R�W�L�Y�R���V�H�O�H�F�F�L�R�Q�D�G�R���F�R�P�R���³�R�V���I�D�F�W�R�U�H�V���P�D�L�V���L�P�S�R�U�W�D�Q�W�H�V�´] 
 
 

8.10. Quais eram as barreiras que tinha antes de optar por utilizar a bicicleta, há [X] anos ? 
Tente recordar-se das preocupações, receios, ou imagem que tinha. 
Seleccione, da seguinte lista, as que se aplicavam ao seu caso 

 
BICICLETA  

Não tinha uma bicicleta em Lisboa 

Não andava de bicicleta há vários anos 

Não sabia andar de bicicleta 

Nunca tinha andado de bicicleta em meio urbano 

Tinha medo de andar de bicicleta 

Não gostava de andar de bicicleta 

Estava incapacitado/a de andar de bicicleta 

Considerava caro ter uma bicicleta e respectivo equipamento 

Não tinha uma bicicleta adequada para a cidade, não tinha cadeado ou luzes 

Considerava não ser prático ter de lidar com um capacete, cadeado ou outro acessório de 

segurança 

Preocupava-me ter de lidar com um possível problema mecânico 

SEGURANÇA E EQUIPAMENTOS  

Não me sentia confortável com a ideia de andar de bicicleta no meio do tráfego 

Preocupava-me não ter uma rede ciclável que satisfizesse as minhas deslocações 

Não existia um percurso seguro entre a minha casa e local de trabalho 

Considerava que é perigoso andar de bicicleta 

Tinha medo de sofrer um acidente 

Preocupava-me que os automobilistas não respeitassem os ciclistas 

Tinha medo que me roubassem a bicicleta quando estacionada na rua 

Tinha medo de ser assaltado/a na rua se estivesse de bicicleta 

Tinha medo de ser assediado/a na rua se estivesse de bicicleta 

CÍRCULOS PESSOAIS 

Os meus pais ou familiares não me deixavam andar de bicicleta na cidade 

RESIDÊNCIA E TRABALHO  

Não tinha espaço para ter uma bicicleta em casa ou residência 

Não tinha uma maneira simples de carregar a bicicleta até casa 

Residia demasiado longe do meu local de trabalho para a bicicleta poder ser uma opção 

Residia demasiado perto do meu local de trabalho para a bicicleta se justificar ser uma opção 

Preocupava-me chegar transpirado/a ao trabalho 

  Preocupava-me que a minha indumentária de trabalho fosse compatível com deslocações em bicicleta 

Não existia um chuveiro ou balneário no meu local de trabalho/estudo 

ROTINAS 

Tinha de fazer várias deslocações por dia 
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Tinha de levar crianças à escola 

Precisava de transportar carga ou volumes regularmente 

Utilizava o automóvel para trabalhar, como ferramenta de trabalho (estafeta, taxista, ...) 

OUTROS 

Considerava que a cidade tem demasiadas subidas 

Considerava que iria demorar mais tempo a chegar ao meu destino 

Preocupava-me não conhecer a cidade ou não saber como ir de bicicleta para os locais que 

frequento habitualmente 

Preocupava-me que fizesse demasiado calor no verão ou chovesse muito no inverno, para poder 

andar de bicicleta 

Outro: 

Não me recordo. 

Nenhuma. Para mim usar a bicicleta sempre foi algo natural. 
 
 

Actualmente - Ciclistas  

9.1. Actualmente, porque utiliza a bicicleta nas suas deslocações? 
 

Para manter a forma física 

Por questões de saúde 

Preocupação ambiental 

Por uma questão de imagem 

Para transmitir uma mensagem política 

Porque é o modo mais rápido para as minhas deslocações 

Pela facilidade de estacionamento (tempo e dinheiro) 

Porque não tenho acesso fácil à rede de transportes públicos onde resido ou trabalho 

Porque não quero estar dependente de horários de transportes públicos 

Porque é mais barato que outros modos 

Por prazer em andar de bicicleta 

Porque os meus amigos/colegas/familiares também o fazem 

Porque é a minha ferramenta de trabalho (ex: estafeta de bicicleta) 

Outras razões: 
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Desistir  
 

10.1. Afirmou que já utilizou a bicicleta de forma regular, e que depois desistiu. Há quanto tempo desistiu de 
utilizar a bicicleta de forma regular? 

 

 
 

10.2. Quais os motivos que o/a levaram a essa desistência? 
Seleccione os que se aplicam 

 

Sofri um acidente 

Quase que sofri um acidente 

Alguém próximo de mim sofreu um acidente 

Roubaram-me a minha bicicleta 

Incapacidade física 

Passei a ter medo 

Envelhecimento 

Tive um filho 

Mudei de cidade 

Mudei de casa 

Mudei de local de trabalho/estudo 

Passei a trabalhar a partir de casa 

Adquiri um automóvel ou motociclo 

Outro motivo: 

 
 

Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 

 
Barreiras adocao - NC 

11.1. 
Quais os motivos que o/a levam a não deslocar-se de bicicleta mais vezes? 
Seleccione, da seguinte lista, as afirmações com as quais concorda. 

 
BICICLETA  

Não tenho uma bicicleta em Lisboa 

Não ando de bicicleta há vários anos 

Não sei andar de bicicleta 

Nunca andei de bicicleta em meio urbano 

Tenho medo de andar de bicicleta 

Não gosto de andar de bicicleta 

Estou incapacitado/a de andar de bicicleta ou a minha condição física não o permite 

É caro ter uma bicicleta e respectivo equipamento 

A minha bicicleta não está equipada para a cidade, não tenho cadeado ou luzes  

Não acho prático lidar com um capacete, cadeado ou outro acessório de segurança 

Preocupa-me ter de lidar com um possível problema mecânico 

SEGURANÇA E EQUIPAMENTOS  

Não me sinto confortável com a ideia de andar de bicicleta no meio do tráfego 
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Não existe um percurso seguro entre a minha casa e local de trabalho 

Não tenho uma rede ciclável que satisfaça as minhas deslocações 

Considero perigoso andar de bicicleta 

Tenho medo de sofrer um acidente 

Preocupa-me que os automobilistas não respeitem os ciclistas 

Tenho medo que me roubem a bicicleta quando estacionada na rua 

Tenho medo de ser assaltado/a na rua se estiver de bicicleta 

Tenho medo de ser assediado/a na rua se estiver de bicicleta 

CÍRCULOS PESSOAIS 

Os meus pais ou familiares não me deixam andar de bicicleta na cidade 

RESIDÊNCIA E TRABALHO  

Não tenho espaço para ter uma bicicleta em casa ou residência 

Não tenho uma maneira simples de carregar a bicicleta até casa 

Resido demasiado longe do meu local de trabalho para a bicicleta poder ser uma opção 

Resido demasiado perto do meu local de trabalho para se justificar a bicicleta ser uma opção 

Preocupa-me chegar transpirado/a ao trabalho 

A minha indumentária de trabalho não é compatível com deslocações em bicicleta 

Não existe um chuveiro ou balneário no meu local de trabalho/estudo 

ROTINAS 

Tenho de fazer várias deslocações por dia 

Tenho de levar crianças à escola 

Preciso de transportar carga ou volumes regularmente 

Utilizo o automóvel para trabalhar, como ferramenta de trabalho (estafeta, taxista, etc.) 

Utilizo o tempo de viagem para realizar outras actividades incompatíveis com andar de bicicleta, tais 

como ler, falar ao telemóvel, trabalhar, etc. 

OUTROS 

Considero que a cidade tem demasiadas subidas 

Considero que demoraria mais tempo a chegar ao meu destino 

Não conheço a cidade ou não sei como ir de bicicleta para os locais que frequento habitualmente 

Faz demasiado calor no verão ou chove muito no inverno, para poder andar de bicicleta 

Gosto de conduzir um automóvel / motociclo 

Outro: 

 
 
 

11.3. Dos items anteriores, quais os factores mais importantes que contribuem para a sua opção 
de não utilizar a bicicleta? 
Seleccione até 5 factores 
Seleccione e arraste cada item seleccionado para dentro da caixa. 

 
 

ITENS 

»  
 
 
 

OS MAIS IMPORTANTES 
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 11.5. 
Se o seu motivo mais importante valer 10 pontos, quanto valem os restantes? 

 
Pontue a importância relativa dos motivos seleccionados anteriormente. 
Sugestão: manter o motivo mais importante com 10 pontos, e atribuir pontuação aos restantes. 

 
[slider 0-�������S�D�U�D���F�D�G�D���P�R�W�L�Y�R���V�H�O�H�F�F�L�R�Q�D�G�R���F�R�P�R���³�R�V���I�D�F�W�R�U�H�V���P�D�L�V���L�P�S�R�U�W�D�Q�W�H�V�´�@ 
 

 
11.7. O que o/a levaria a passar a usar a bicicleta mais vezes nas suas deslocações?  
Seleccione os items que se aplicam ao seu caso. 

 
BICICLETA  

Ter uma bicicleta 

Ter uma bicicleta adequada a deslocações na cidade 

Ter uma bicicleta eléctrica 

Aprender a andar de bicicleta 

Ter aulas de condução de bicicleta em meio urbano Ser 

acompanhado/a nas minhas primeiras deslocações 

RESIDÊNCIA E TRABALHO  

Passar a residir próximo/a do local de trabalho/estudo/convívio 

Mudar de local de residência 

Mudar de local de trabalho/estudo 

Ter espaço para guardar uma bicicleta em casa ou na residência 

A minha indumentária de trabalho passar a ser compatível com deslocações em bicicleta 

Ter chuveiro ou balneário disponível no meu local de trabalho/estudo 

INFRAESTRUTURAS, EQUIPAMENTOS E SEGURANÇA  

Expansão da rede de ciclovias 

Aumento do número de parques de estacionamento para bicicletas 

Existência de um sistema de bicicletas de uso partilhado 

Redução geral da velocidade do tráfego automóvel 

O sistema de transportes públicos permitir o transporte de bicicletas de um modo simples 

CÍRCULOS PESSOAIS 

Os meus amigos/familiares/colegas passarem a deslocar-se de bicicleta 

CAMPANHAS  

Campanhas de promoção da bicicleta, levadas a cabo pelo meu empregador/estabelecimento de ensino 

Campanhas de promoção da bicicleta, levadas a cabo pelo Município ou Junta de Freguesia 

Campanhas de promoção da bicicleta, levadas a cabo por Associações, Colectividades ou outras 

Organizações Não-Governamentais 

Campanhas de promoção da bicicleta, levadas a cabo por entidades comerciais 

Ter vantagens em lojas se chegar de bicicleta 

CUSTO 
 

 
 

 

 

 

 
Subida do preço da gasolina/gasóleo 

Subida do preço dos transportes públicos 

O estacionamento no meu local de trabalho/estudo deixar de ser gratuito 

Incentivos fiscais à aquisição de uma bicicleta 

Incentivos do meu empregador à adopção da bicicleta (salariais ou dias de férias) 
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PESSOAIS 

Alteração da minha situação financeira 

A minha condição de saúde o permitir  

A minha condição de saúde o exigir 

Deixar de ter de levar crianças à escola 

Outro: 

Nada 
 
 
 

11.9. Na questão anterior, seleccionou vários motivos que poderiam fazer com que passasse a utilizar a bicicleta 
mais vezes. 

 
Se tivesse de escolher apenas 3, quais seriam e com que ordem?  
Seleccione e arraste cada item seleccionado para dentro da caixa. 

 
 

ITENS 

»  
 
 
 
 
 

 
 
 
 

11.11.0. Imagine um cenário em que o seguinte conjunto de condições seriam uma realidade: 
�>�³�����P�R�W�L�Y�R�V���P�D�L�V���L�P�S�R�U�W�D�Q�W�H�V�����V�H�O�H�F�F�L�R�Q�D�G�R�V�@ 

 
 

11.11. 
Acredita que, neste cenário, alteraria os seus hábitos de mobilidade, passando a optar mais vezes pela 
bicicleta? 

 

Não, com toda a certeza 

Talvez 

Sim, com toda a certeza 

Não faço ideia 

 
11.11.2. Tendo escolhido a opção "Talvez" na pergunta anterior, com que grau de certeza considera que alteraria 
os seus hábitos de mobilidade? 

 
 

Quase de certeza que não Quase de certeza que sim 
 
 

   

 
 
 
 
 

3 MOTIVOS MAIS IMPORTANTES 
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11.12. 
Com que finalidade e frequência se imagina a usar a bicicleta nesse cenário? 

 
 

... Viagens  Por  ... 
 Nenhuma 1       2      3 4 5 6 Ano Mês     Semana 

Para lazer ou turismo        

Para praticar desporto 

Para viagens utilitárias (visitar 
amigos/familiares,  restaurantes, 
compras, cinema, tratar de assuntos, etc) 

Para ir para o local de trabalho/estudo 

 

       

 
       

 
       

 

   

 
   

 
   

 
 

Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 
 
 
 
 

Perceived Behaviour - Ciclistas  
 

12.1. Até  que ponto  considera  provável  optar  por  usar  a bicicleta  (em relação  a outro  modo)  nas 
seguintes  situações?  
Considere viagens inferiores a 5 km, em Lisboa. 
Seleccione e arraste cada item para dentro da caixa apropriada, sem ordem de importância. 
 

 
ITENS 

Ir de bicicleta mesmo que esteja a chover 

Ir de bicicleta de madrugada ou ao fim do dia, quando 
ainda/já é de noite 

Ir de bicicleta, mesmo que demore mais tempo do que outro 
modo de transporte 

Ir de bicicleta quando tenho de fazer compras 

Ir de bicicleta após um dia cansativo 

Ir de bicicleta, mesmo sabendo que vou chegar suado/a 

Ir de bicicleta, mesmo que me seja oferecida uma boleia de 
automóvel 

Ir de bicicleta, sabendo que não existe estacionamento 
próprio para bicicletas no destino 

Ir de bicicleta, mesmo tendo um título de transporte público 
(passe) válido 

 
 
 

12.2. Utilizaria a bicicleta como modo de transporte nas seguintes condições meteorológicas? 
Seleccione as que se aplicam 

 

Dia de muito calor 

Dia de chuva 

Dia de muito frio 

Dia muito ventoso 

Em qualquer condição meteorológica descrita acima 

Em nenhuma das condições meteorológicas descritas acima 
  

PROVÁVEL 

POUCO PROVÁVEL  

NADA PROVÁVEL  
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PB Self Efficacy - Ciclistas  
 

13.1. 
Até que ponto se considera capaz de...  

 

 
 

Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 

 
Percieved Behaviour - NC 

 

14.1. Até que ponto  considera  que poderia  optar  por  usar  a bicicleta  (em relação  a outro  modo)  nas 
seguintes  situações?  
Considere viagens inferiores a 5 km, em Lisboa. 
Seleccione e arraste cada item para dentro da caixa apropriada, sem ordem de importância. 

 
 

ITENS 

Ir de bicicleta mesmo que esteja a chover 

Ir de bicicleta de madrugada ou ao fim do 
dia, quando ainda/já é de noite 

Ir de bicicleta, mesmo que demore mais 
tempo do que outro modo de transporte 

Ir de bicicleta quando tenho de fazer 
compras 

Ir de bicicleta após um dia cansativo 

Ir de bicicleta, mesmo sabendo que vou 
chegar suado/a 

Ir de bicicleta, mesmo que me seja 
oferecida uma boleia de automóvel 

Ir de bicicleta, sabendo que não existe 
estacionamento próprio para bicicletas no 
destino 

Ir de bicicleta, mesmo tendo um título de 
transporte público (passe) válido 
 

 
 
 

 
 
 

Andar de bicicleta na rodovia, juntamente com outros 
veículos 

 
Reparar um furo no pneu da bicicleta 

 
Manobrar a bicicleta de forma segura caso encontre 
um obstáculo 

 
Subir uma rua íngreme 

 
Percorrer um troço de terreno irregular (não 
pavimentado) 

 
Planear um percurso de bicicleta 

 
Sim, sou 

Não tenho a 
certeza 

Tenho a certeza 
que não 

PROVÁVEL 

POUCO PROVÁVEL  

NADA PROVÁVEL  
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PB Self -efficacy - NC 

 

15.1. 
Até que ponto seria capaz de...  

 

 
 

15.2. 
Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 

 
Comum - Veiculos  

 

16.1. Quantos automóveis, motociclos e bicicletas existem no conjunto das pessoas que residem na sua 
habitação? 
Insira, por favor, o número de veículos existentes na sua habitação, diferenciando os seus dos dos restantes elementos que residem 
consigo. O total  deverá indicar o número de veículos de entre todas  as pessoas que residem na sua habitação. 

 

    
Automóveis 

 
Motociclos 

Bicicletas de 
adulto 

Bicicletas 
criança 

de 

Que considera como seus 
 

Das restantes pessoas que 
residem na sua habitação 

 0 

 
0 

0 

 
0 

0 

 
0 

0 

 
0 

 

Total   0 0 0 0 

 
 

Após esta página, não será possível retroceder para alterar as respostas já introduzidas. 

 
Comum - Bicicletas  

17.1. Afirmou que tem [X] bicicletas que considera como suas. 
 
 

17.2. Alguma das suas bicicletas é auxiliada por motor eléctrico? 
 

Sim 

Não 

 
17.3. Alguma das suas bicicletas é dobrável? 

 

Sim 

Não 

 
 
 

Andar de bicicleta na rodovia, juntamente com 
outros veículos 

 
Reparar um furo no pneu da bicicleta 

 
Manobrar a bicicleta de forma segura caso encontre 
um obstáculo 

 
Subir uma rua íngreme 

 
Percorrer um troço de terreno irregular (não 
pavimentado) 

Planear um percurso de bicicleta 

Andar de bicicleta enquanto chove 

 
Sim, seria 

Não tenho a 
certeza 

Tenho a certeza 
que não 
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17.4. Alguma das suas bicicletas está equipada com suporte de bagagem? 
Por exemplo: cesto dianteiro, suporte traseiro, atrelado ou outro 

 

Sim 

Não 

 
17.5. Alguma das suas bicicletas está equipada com cadeira ou atrelado para transporte de crianças? 

 

Sim 

Não 

 
17.6. Onde guarda a sua bicicleta durante a  noite ? 
Habitualmente 

 

Dentro de casa ou varanda 

No prédio, em zonas comuns 

Na garagem ou arrecadação 

Na rua, em parques de estacionamento para bicicletas 

Na rua, outras situações 

Outro: 

 
 

17.7. �5�H�O�D�W�L�Y�D�P�H�Q�W�H���D�R���Y�D�O�R�U���G�H���U�H�I�H�U�r�Q�F�L�D���G�H���������¼�����D���V�X�D���E�L�F�L�F�O�H�W�D foi: 
No caso de ter mais que uma bicicleta, considere aquela que mais utiliza. 

 

Mais barata 

De valor semelhante 

Mais cara 

Não sei estimar / foi oferecida 
 

Comum - Acidentes  
 

18.1. Já sofreu ou esteve envolvido/a num acidente de bicicleta em Lisboa? 
 

Sim 

Quase 

Não 

 

18.2. Qual o grau de gravidade do seu acidente mais grave? 
 

Sem gravidade e sem danos materiais 

Sem gravidade e com danos materiais 

Ferido ligeiro 

Ferido com gravidade 
 
 

18.3. Qual a causa do seu acidente mais grave? 
 

Um ou mais veículos automóveis 

Abertura inesperada de porta de um veículo 
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Peões 

Outra bicicleta 

Um motociclo 

Um autocarro 

Obstáculos na via 

Condições do pavimento 

Carris de eléctrico 

Condições atmosféricas 

Desequilíbrio por responsabilidade própria 

Outra: 

 

 
18.4. Qual a causa do seu quase-acidente mais grave? 

 

Um ou mais veículos automóveis 

Abertura inesperada de porta de um veículo 

Peões 

Outra bicicleta 

Um motociclo 

Um autocarro 

Obstáculos na via 

Condições do pavimento 

Carris de eléctrico 

Condições atmosféricas 

Desequilíbrio por responsabilidade própria 

Outra: 

 

 
18.5. Ponderou deixar de utilizar a bicicleta após o acidente? 

 

Não 

Sim, até uns dias 

Sim, até umas semanas 

Sim, até uns meses 

Sim, até uns anos 

18.6. Ponderou deixar de utilizar a bicicleta após esse incidente? 
 

Não 

Sim, até uns dias 

Sim, até umas semanas 

Sim, até uns meses 

Sim, até uns anos 
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Comum - Furto  
 

19.1. Já foi alvo de um furto de bicicleta estacionada na via pública? 
 

Apenas uma(s) roda(s) da bicicleta 

Sim, uma bicicleta 

Sim, uma bicicleta, mais do que uma vez 

Não 

 
19.2. Após o último furto, quanto tempo passou até ter outra bicicleta? 

 

Nenhum. Tinha outra bicicleta, ou arranjei imediatamente outra bicicleta 

Umas semanas 

Uns meses 

Uns anos 

Não voltei a ter outra bicicleta 
 
 

19.3. Após o último furto, quanto tempo passou até ter novamente outra(s) roda(s)? 
 

Nenhum. Tinha outra roda, ou arranjei imediatamente outra roda 

Umas semanas 

Uns meses 

Uns anos 

Não voltei a ter a bicicleta operacional 
 

Capacete - Ciclistas  
 

20.1. Costuma usar capacete nas suas deslocações de bicicleta em meio urbano? 
 

Nunca Por vezes A maioria das vezes Sempre 

 

 

Subjective norm - Comum  

21.1. 
As seguintes pessoas encorajam -no/a a usar a bicicleta para deslocações em Lisboa? 

 

   Não tenho / Não 
se aplica 

 
Desencorajam 

Não encorajam 
nem desencorajam 

 
Encorajam 

Parceiro/a, 
companheiro/a, 
marido/esposa 

Filhos 

Pais 

  
    

 
 

    
 

    

 

 

Família alargada 

Colegas 

Amigos 
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21.2. As seguintes pessoas deslocam-se de bicicleta em Lisboa? Com que finalidade? 
 

   
Não tenho 
/ Não se 

aplica 

 
 
 

Não 

 
 

Para casa- 
trabalho/estudo 

Para 
compras, 

restaurante, 
cinema, etc. 

 
 

Para 
desporto 

 
Para 

turismo e 
lazer 

Parceiro/a, 
companheiro/a, 
marido/esposa 

 
Filhos 

Pais 

Família alargada 

Colegas 

Amigos 

  
      

 
 

      
 

      
 

      
 

      
 

      

 

 

 

 

 

 
 

Comunidade - Comum  
 

22.1. Faz parte de algum grupo, ou participa em algum evento regular que promova a utilização da bicicleta em 
meio urbano? 

 

Associação / Organização / Federação 

Rede social na internet 

Lista electrónica de discussão / Fórum online 

Evento regular 

Nenhum dos acima mencionados 
 

Comum - crianca  
 

23.1. Costumava andar de bicicleta em criança? 
 

Não 

Sim, por vezes para ir para a escola 

Sim, por vezes para brincar 

Sim, por vezes nas férias ou fim-de-semana 

Sim, por vezes em passeios ou viagens de bicicleta 

Outra situação: 

 

 
23.2. Os seus pais ou encarregados de educação costumavam andar de bicicleta? 

 

Nenhum aprendeu a andar de bicicleta 

Não 

Sim, por vezes para ir para o trabalho 

Sim, por vezes para lazer ou desporto 

  Sim, por vezes nas férias ou fim-de-semana 

Sim, por vezes em passeios ou viagens de bicicleta 

Outra situação: 
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23.3. Quando era criança, os seus pais ou encarregados de educação deslocavam-se regularmente em 
transportes públicos? 

 

Sim 

Não 

 

 

Personalidade  
 

24.1. Por favor indique em que medida cada item corresponde à sua personalidade. Eu sou do tipo de pessoa... 
Seleccione e arraste cada item para dentro da caixa apropriada, sem ordem de importância. 

 
 

Optimista Aventureiro/a  

Gosto de rotinas  

Espontâneo/a 

Gosto de estar ao ar livre 

Gosto de arriscar 

Gosto de estar próximo de casa 

Eficiente 

Gosto de variedade  

Pontual 

Gosto de estar sozinho/a 

Independente 

Criativo/a  

Paciente 

Inquieto/a  

Gosto de liderar  

Participativo/a  

Preguiçoso/a 

TENS

SIM, SOU EU 

UM POUCO 

NÃO, DE TODO 
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24.2. Nos últimos 12 meses alguma das seguintes circunstâncias ocorreram consigo? 
Assinale, por favor, todas as que se aplicarem. 

 

Mudei de modo de transporte sem ter alterado o local de residência e/ou trabalho 

Passei a praticar desporto de forma regular 

Passei a participar em actividades pós-laborais (por exemplo: voluntariado, aulas de dança, apender 

outra língua, etc.) 

Alterei os meus hábitos alimentares 

Deixei de fumar 

Mudei de emprego por decisão própria 

Outra mudança de hábito: 

 
Individuo  

Q140. Estamos quase a terminar...  

 
25.3. Formação escolar 
Seleccione o seu grau de escolaridade mais elevado. 

 

 

25.4. Sobre os seus rendimentos 
 

Os meus rendimentos permitem-me viver sem dificuldades 

Os meus rendimentos permitem-me viver com moderada facilidade 

Vivo com dificuldades financeiras 

 

25.5. Quantas pessoas residem na sua habitação? 
Inclua-se a si próprio. 

 

 

25.6. Tem filhos ou dependentes menores a seu cargo? 
 

Não 

Sim 

 

25.7. Qual a idade do seu dependente mais novo? 
 

Menos de 1 ano 

1 a 5 anos 

6 a 10 anos 

11 a 15 anos 

Mais de 15 anos 

Residencia  
 

26.1. Seleccione o seu concelho e freguesia de residência: 

Concelho 
Freguesia 
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26.2. Indique o código postal do seu local de residência 
Coloque os 7 dígitos. Se não souber os últimos 3 dígitos, coloque -000 

 

 
 

26.3.  
Seleccione o seu concelho e freguesia de local de trabalho/estudo: 
Caso não trabalhe nem estude, refira-se ao destino das suas deslocações mais frequentes 

 
Concelho 
Freguesia 

 
 

26.4. Sabe a morada ou código postal do seu local de trabalho/estudo? 
Ou destino das deslocações mais frequentes. 

Sim 

Não 

 
26.5. Indique a morada e/ou código postal do seu local trabalho ou estudo 
Coloque os 7 dígitos. Se não souber os últimos 3 dígitos, coloque -000 

 

 
 

26.6. No seguinte mapa, arraste o marcador para o seu local de trabalho/estudo, ou local aproximado. 
Caso não trabalhe ou estude, refira-se ao destino das suas deslocações mais frequentes 

 
  [Javascript] 
 
 

26.7. Em que tipo de habitação reside? 
 

Apartamento 

Moradia 

Outro 

 

 
26.8. A sua habitação é... 

 

Própria 

Arrendada 

Partilhada, arrendo uma parte da casa (quarto, outro) 

Resido nesta habitação sem qualquer custo 

Outra situação 

 
 

26.9. Há quanto tempo reside nesta habitação? 
 

Menos de 1 ano 

1 a 3 anos 

3 a 10 anos 

Mais de 10 anos 
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26.10. Em que piso reside? 
 

R/C 

1º andar ou Cave 

2º andar ou Sub-cave 

3º andar 

4º andar 

Acima do 4º andar 
 
 

26.11. O seu prédio tem elevador? 
 

Sim 

Não 

 
26.12. Tem espaço para guardar uma bicicleta dentro de casa ou no edifício? 

 

Não 

Sim, dentro de casa 

Sim, nos espaços comuns do prédio 

Sim, na garagem ou arrecadação 

Sim, o meu prédio está equipado com um estacionamento abrigado próprio para bicicletas 

Sim, na varanda, logradouro ou quintal (em espaço desabrigado) 

Outra situação: 

 

Automóvel  

27.1. Possui carta de condução de veículos ligeiros? 
 

Sim 

Sim, mas não me sinto confiante em conduzir 

Sim, mas não estou de momento habilitado/a a conduzir 

Não 

27.2. Tem acesso a estacionamento automóvel gratuito no seu local de residência? 
Por exemplo: garagem própria ou estacionamento gratuito na via pública. 

 

Sim 

Não 

Não sei 

 
27.3. Tem acesso a estacionamento automóvel gratuito no seu local de trabalho/estudo ou local de deslocações 
mais frequentes? 
Por exemplo: garagem própria ou estacionamento gratuito na via pública. 

 

Sim 

Não 

Não sei 
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27.4. Conseguiria abdicar de ter automóvel? 
 

Sim 

Talvez 

Não, de todo 

 
 
 
Opiniao - Ciclistas  

 

28.1. 
Por fim...  
Na sua opinião, o que poderia incentivar mais pessoas a adoptar a bicicleta como modo de transporte? 
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 Survey structure  B.2.
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Figure B.1 ɀ ,ÉÓÂÏÎȭ ÓÕÒÖÅÙ ÓÔÒÕÃÔÕÒÅ ÄÉÁÇÒÁÍ 
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 Questions of survey , in English B.3.

Barriers to bicycle (Non -Cyclists)  
What are the reasons that you do not ride your bike more often?  

Select, from the following list, the ones that apply to you. 
 

BICYCLE 

I do not have a bike in Lisbon 

I have not biked for several years 

I do not know how to ride a bike 

I have never ridden a bicycle in the city 

I'm afraid to ride a bike 

I do not like bicycling 

I am physically unable to ride a bike 

It is expensive to have a bike and its equipment 

My bike is not suited for riding in the city; I do not have a lock or lights 

It is not practical to manage a helmet, lock or other safety gear 

I am concerned about having to deal with potential mechanical problems 

SAFETY AND EQUIPMENT 

I do not feel comfortable with the idea of cycling in the traffic 

There is not a safe route between my home and workplace 

There aren't enough bike lanes, bike paths or low traffic streets that suit my commute 

I consider it too dangerous to ride a bicycle, in general 

I'm afraid of having an accident 

I am concerned that motorists do not respect cyclists 

I'm afraid that someone will steal my bike when it's parked outside 

I'm afraid I'll be robbed on the street if I'm on my bike 

I am afraid of being harassed on the street if I am on my bicycle 

PERSONAL CIRCLES 

My parents or family will not let me ride my bike in the city 

RESIDENCE AND WORK 

I do not have room to have a bike at home 

I do not have a simple way to carry the bike home 

I live too far from my workplace/school for cycling to be a good option 

I live too close to my workplace/school for cycling to be a good option 

I'm worried about getting to work sweaty 

My work clothes are not compatible with cycling 

There is no shower or dressing room at my workplace/school 

ROUTINES 

I have to make several trips a day 

I have to take children to school 

I need to carry cargo or large things regularly 

I use the car for work (e.g. courier, taxi driver, etc.) 

I use my commute time for other activities incompatible with cycling, such as reading, talking on 

the phone, working, etc. 

OTHER 

I think the city is too hilly 

I think it will take longer to reach my destination 

I do not know how to cycle to the places I usually go 

It's too hot in summer or it rains a lot in winter to ride a bike 

I like to drive a motor vehicle 

Other: 
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Barriers to bicycle (Cyclists)  
What were the barriers you had before choosing to bicycle for commuting, X years ago? 

Try to remember the worries, fears, or image you had before you started biking. 
Select, from the following list, the ones that apply to you 
 

BICYCLE 

I did not have a bicycle in Lisbon 

I had not biked for several years 

I didn't know how to ride a bike 

I had never biked in the city 

I was afraid to ride a bike 

I did not like to ride a bike 

I was physically unable to ride a bicycle 

I considered it too expensive to have a bicycle and equipment 

I didn't have a bicycle adapted for the city, and/or I don't have a lock or lights 

It seemed too impractical to manage a helmet, lock or other safety gear 

I was worried about having to deal with potential mechanical problems 

SAFETY AND EQUIPMENT 

I was not comfortable with the idea of cycling in traffic 

I worried there weren't enough bike lanes, bike paths or low traffic streets that suit my commute 

There wasn't a safe route for my commuting 

I considered it too dangerous riding a bicycle, in general 

I was afraid of an accident 

I worried that motorists would not respect cyclists 

I was afraid that my bike would be stolen when parked outside 

I was afraid of being assaulted on the street if I were on a bicycle 

I was afraid of being harassed on the street if I were on a bicycle 

PERSONAL CIRCLES 

My parents or family would not let me ride my bike in the city 

RESIDENCE AND WORK 

I didn't have room to store a bike at home 

There was no simple way to carry the bike home 

I lived too far from my workplace/school for cycling to be a good option 

I lived too close to my workplace/school for cycling to be a good option 

I was worried about getting to work sweaty 

I worried that my work clothes would not be compatible with bicycling 

There was no shower or dressing room at my workplace/school 

ROUTINES 

I had to make several trips a day 

I had to take children to school 

I needed to carry heavy or bulky items regularly 

I used a vehicle for my work, as a work tool (e.g. courier, taxi driver, plumber, etc.) 

OTHER 

The city seemed too hilly 

I thought it would take me longer to reach my destination 

I worried about not knowing how to cycle to the places that I usually go 

I was worried that it would be too hot in summer or it would rain too much in the winter to be 

able to ride a bicycle 

Other: 

I do not remember. 

None. For me to use the bike was always something natural. 
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Motivators to bicycle (Non -Cyclists)  

 

What could make you ride a bike more often?  

Select the items that apply to you. 
 

BICYCLE 

If I had a bicycle 

If I had a bike suitable for urban trips 

If I had an electric bicycle 

If I learned to ride a bicycle 

If I took biking lessons for urban cycling 

If I was accompanied during my first cycling trips 

RESIDENCE AND WORK 
If I change my place of residence 

If I moved workplace/school location 

If I had room to store a bike at home 

If my work clothes became compatible with cycling 

If I had showers or a dressing room available at my workplace/school 

INFRASTRUCTURE, EQUIPMENT, AND SAFETY 

Expansion of the cycling network, such as bike paths, bike lanes & sharrows 

More bike racks and secure of protected bike parking 

The existence of a bike sharing system 

General reduction of speed of car traffic 

If the public transportation system easily accommodated bicycles 

PERSONAL CIRCLES 

If my friends/family/colleagues regularly rode bicycles 

CAMPAIGNS 

Bicycle promotion campaigns carried out by my employer/school 

Bicycle promotion campaigns carried out by the Municipality or City Districts 

Bicycle promotion campaigns carried out by Associations, Collectivities or other Non-profit 

Organizations 

Bicycle promotion campaigns carried out by commercial entities 

Discounts or similar incentives in shops if arriving by bike 

COST 
The rise in the price of gas 

The rise in the price of public transport 

If parking at my workplace/school was no longer free or became too expensive 

If there were tax incentives for purchasing a bicycle 

If there were employer-based incentives for bicycle adoption (financial or paid time off) 

PERSONAL 

If my financial situation changed 

If I became physically able to ride more or at all 

If riding a bicycle became necessary for my health 

If I did not need to regularly transport children to daycare/school and/or another place 

Other: 

Nothing 
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Triggers to bicycle (Cyclists)  
 

For this question, recall the time before you started bicycling, X years ago. 

What made you start biking?  

Recall if there was any decisive factor that influenced your decision. 
Select, from the following list, all the factors that apply to you. 

 

BICYCLE 

I acquired a bicycle 

I acquired a bicycle adapted to urban cycling 

I acquired an electric bicycle 

I learned to ride a bike 

I took bike riding lessons in an urban setting, and/or have biked in the city with experienced 

cyclists 

RESIDENCE AND WORK 

I moved 

I moved to a closer work/study/living place 

I changed my workplace/school 

My residence now has room to store a bicycle 

My work clothes became compatible with cycling 

A shower or dressing room became available at my workplace/school 

I bicycle was/is part of my job (e.g. bike courier) 

OTHER CITIES  

I lived in another city where it was common for people to ride a bicycle 

I visited another city where it was common for people to ride a bicycle 

INFRASTRUCTURE, EQUIPMENT, AND SAFETY 

Expansion of the cycling network 

Increased the number of bicycle parking facilities 

The existence of a bicycle sharing system 

Traffic began to circulate at a lower speed 

INTERESTS 

I had an interest in improving my physical fitness 

I had an interest in improving my health 

I was concerned about the environment 

I wanted to convey a political message 

I wanted to convey to those around me that I use sustainable transportation 

I perceived riding a bike as fashionable 

PERSONAL CIRCLES 

Influence of family members 

Influence of friends 

Influence of colleagues 

EVENTS, CAMPAIGNS, AND MEDIA 

Participation in events such as Critical Mass 

Participation in event or competition such as Bike to Work Day 

Bicycle promotion campaigns carried out by my employer/school 

Bicycle promotion campaigns carried out by the Municipality or City 

Bicycle promotion campaigns carried out by Associations, Collectives or other Non-profit 

Organizations 

Bicycle promotion campaigns carried out by commercial entities 

Advertising 

Cycling magazines 
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Newspaper articles, blogs or magazines 

Strava, MapMyRide or similar applications 

PRICES OR PUBLIC TRANSPORTATION 

Parking at my place of work/study was no longer for free or became expensive 

The rise in the price of gas 

The rise in the price of public transport 

Get faster to the transit network 

The transit system started to allow the transport of bicycles 

Degradation of public transport systems 

The bicycle was the cheapest way compared to other modes of transport 

PERSONAL 

I stopped having to take children to school 

I knew a bicycle was going to be the fastest when compared to other transportation options 

I got without a car 

Other: 
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 Descriptive statistics  B.4.

 
Table B.1 ɀ Demographic  and socio-economics of Quitters  

  
Quitters  
n=117* 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test with 
Non-Cyclists  

 n % p-value 
Gender    
 Male 53 45 .799 
 Female 64 55  
 Other 0   
Age     
 16-20 0  .059 
 21-30 23 20  
 31-40 51 44  
 41-50 30 26  
 51-60 8 7  
 +60 5 4  
Education    
 Less than Secondary 0  .204 
 Secondary 6 5  
 Higher 104 95  
Commuting distance    
 Ѕ ρ ËÍ 13 12 .182 
 1 ɀ 5 km 45 42  
 5 ɀ 10 km 26 24  
 10 ɀ 15 km  10 9  
 +15 km 14 13  
Home location    
 Lisbon City 80 73 .449 
 Lisbon Metro Area 29 27  
Days/Week to workplace or school   
 0 to 4 16 16 .892 
 5 to 7 81 84  
Self-assessment of income status    
 Live without difficulties  44 40 .738 
 Live with moderate ease 55 50  
 Live with difficulties  11 10  
Children at household    
 Ѕ  ρπ ÙÅÁÒÓ ÏÌÄ 29 30 .442 
 >  10 years old 13 14  
 No 54 56  
Primary transportation mode   .116 
 Car 41 36  
 Motorcycle 11 10  
 Transit 18 16  
 Bicycle 0   
 Walk 14 12  
 Other 0   
 Car + Transit 6 5  
 Bicycle + Transit 0   
 Walk + Transit 25 22  
 Bicycle + Car 0   
Bicycle ownership at household    
 Yes 90 77 .000 
 No 27 23  
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Quitters  
n=117* 

0ÅÁÒÓÏÎȭÓ 
ʔ2 test with 
Non-Cyclists  

 n % p-value 
Car ownership at household     
 Yes  93 79 .946 
 No  24 21  
Driving license and ability do drive    
 Yes 100 92 .146 
 No 9 8  
Changed habits during the last year    
 Yes 80 68 .023 
 No 37 32  
*From 108 valid cases, where distance was able to be computed. 

 

 

 
Figure B.2 ɀ Reasons for quitting  cycling, for Quitters. Ordered by relevance.  
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 0ÁÒÔÉÃÉÐÁÎÔÓȭ ÓÐÁÔÉÁÌ ÄÉÓÔÒÉÂÕÔÉÏÎ B.5.

 
Figure B.3 ɀ 2ÅÓÐÏÎÄÅÎÔȭÓ ÈÏÍÅ ɉÏÒÉÇÉÎÓɊ ÁÎÄ ×ÏÒËÐÌÁÃÅȟ ÓÃÈÏÏÌ ÏÒ ÆÒÅÑÕÅÎÔ ÄÅÓÔÉÎÁÔÉÏÎÓ ɉÄÅÓÔÉÎÁÔÉÏÎÓɊ ÓÐÁÔÉÁÌ ÄÉÓÔÒÉÂÕÔÉÏÎȟ ÉÎ ,ÉÓÂÏÎȢ CartoDB basemap. 
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 Tables of correspondenc e of survey lists of answers  B.6.

Table B.2 ɀ Correspondence of Non-#ÙÃÌÉÓÔÓȭ "ÁÒÒÉÅÒÓ ÁÎÄ #ÙÃÌÉÓÔÓȭ ÐÒÅÖÉÏÕÓ "ÁÒÒÉÅÒÓ ÔÏ ÂÉÃÙÃÌÅ ɉÉÎ 0ÏÒÔÕÇÕÅÓÅɊ 

Barriers for Non -Cyclists Previous barriers for Cyclisyt  

A1 Não tenho uma bicicleta em Lisboa B1 Não tinha uma bicicleta em Lisboa 

A2 Não ando de bicicleta há vários anos B2 Não andava de bicicleta há vários anos 

A3 Não sei andar de bicicleta B3 Não sabia andar de bicicleta 

A4 Nunca andei de bicicleta em meio urbano B4 Nunca tinha andado de bicicleta em meio urbano 

A5 Tenho medo de andar de bicicleta B5 Tinha medo de andar de bicicleta 

A6 Não gosto de andar de bicicleta B6 Não gostava de andar de bicicleta 

A7 Estou incapacitado/a de andar de bicicleta ou a minha condição física não o 
permite 

B7 Estava incapacitado/a de andar de bicicleta 

A8 É caro ter uma bicicleta e respectivo equipamento B8 Considerava caro ter uma bicicleta e respectivo equipamento 

A9 A minha bicicleta não está equipada para a cidade, não tenho cadeado ou luzes B9 Não tinha uma bicicleta adequada para a cidade, não tinha cadeado ou luzes 

A10 Não acho prático lidar com um capacete, cadeado ou outro acessório de 
segurança 

B10 Considerava não ser prático ter de lidar com um capacete, cadeado ou outro 
acessório de segurança 

A11 Preocupa-me ter de lidar com um possível problema mecânico B11 Preocupava-me ter de lidar com um possível problema mecânico 

A12 Não me sinto confortável com a ideia de andar de bicicleta no meio do tráfego B12 Não me sentia confortável com a ideia de andar de bicicleta no meio do tráfego 

A13 Não existe um percurso seguro entre a minha casa e local de trabalho B13 Não existia um percurso seguro entre a minha casa e local de trabalho 

A14 Não tenho uma rede ciclável que satisfaça as minhas deslocações B14 Preocupava-me não ter uma rede ciclável que satisfizesse as minhas deslocações 

A15 Considero perigoso andar de bicicleta B15 Considerava que é perigoso andar de bicicleta 

A16 Tenho medo de sofrer um acidente B16 Tinha medo de sofrer um acidente 

A17 Preocupa-me que os automobilistas não respeitem os ciclistas B17 Preocupava-me que os automobilistas não respeitassem os ciclistas 

A18 Tenho medo que me roubem a bicicleta quando estacionada na rua B18 Tinha medo que me roubassem a bicicleta quando estacionada na rua 

A19 Tenho medo de ser assaltado/a na rua se estiver de bicicleta B19 Tinha medo de ser assaltado/a na rua se estivesse de bicicleta 

A20 Tenho medo de ser assediado/a na rua se estiver de bicicleta B20 Tinha medo de ser assediado/a na rua se estivesse de bicicleta 

A21 Os meus pais ou familiares não me deixam andar de bicicleta na cidade B21 Os meus pais ou familiares não me deixavam andar de bicicleta na cidade 

A22 Não tenho espaço para ter uma bicicleta em casa ou residência B22 Não tinha espaço para ter uma bicicleta em casa ou residência 

A23 Não tenho uma maneira simples de carregar a bicicleta até casa B23 Não tinha uma maneira simples de carregar a bicicleta até casa 
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Barriers for Non -Cyclists Previous barriers for Cyclisyt  

A24 Resido demasiado longe do meu local de trabalho para a bicicleta poder ser 
uma opção 

B24 Residia demasiado longe do meu local de trabalho para a bicicleta poder ser uma 
opção 

A25 Resido demasiado perto do meu local de trabalho para se justificar a bicicleta 
ser uma opção 

B25 Residia demasiado perto do meu local de trabalho para a bicicleta se justificar ser 
uma opção 

A26 Preocupa-me chegar transpirado/a ao trabalho B26 Preocupava-me chegar transpirado/a ao trabalho 

A27 A minha indumentária de trabalho não é compatível com deslocações em 
bicicleta 

B27 Preocupava-me que a minha indumentária de trabalho fosse compatível com 
deslocações em bicicleta 

A28 Não existe um chuveiro ou balneário no meu local de trabalho/estudo B28 Não existia um chuveiro ou balneário no meu local de trabalho/estudo 

A29 Utilizo o automóvel para trabalhar, como ferramenta de trabalho (estafeta, 
taxista, etc.) 

B29 Utilizava o automóvel para trabalhar, como ferramenta de trabalho (estafeta, 
taxista, etc.) 

A30 Tenho de fazer várias deslocações por dia B30 Tinha de fazer várias deslocações por dia 

A31 Tenho de levar crianças à escola B31 Tinha de levar crianças à escola 

A32 Preciso de transportar carga ou volumes regularmente B32 Precisava de transportar carga ou volumes regularmente 

A33 Utilizo o tempo de viagem para realizar outras actividades incompatíveis com 
andar de bicicleta, tais como ler, falar ao telemóvel, trabalhar, etc. 

B33   

A34 Considero que a cidade tem demasiadas subidas B34 Considerava que a cidade tem demasiadas subidas 

A35 Considero que demoraria mais tempo a chegar ao meu destino B35 Considerava que iria demorar mais tempo a chegar ao meu destino 

A36 Não conheço a cidade ou não sei como ir de bicicleta para os locais que 
frequento habitualmente 

B36 Preocupava-me não conhecer a cidade ou não saber como ir de bicicleta para os 
locais que frequento habitualmente 

A37 Faz demasiado calor no verão ou chove muito no inverno, para poder andar de 
bicicleta 

B37 Preocupava-me que fizesse demasiado calor no verão ou chovesse muito no 
inverno, para poder andar de bicicleta 

A38 Gosto de conduzir um automóvel / motociclo B38  

  B39 Não me recordo. 

  B40 Nenhuma. Para mim usar a bicicleta sempre foi algo natural. 

A41 Outro: B41 Outro:  
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Table B.3 ɀ Correspondence of Non-#ÙÃÌÉÓÔÓȭ -ÏÔÉÖÁÔÏÒÓ ÁÎÄ #ÙÃÌÉÓÔÓȭ 4ÒÉÇÇÅÒÓ ÔÏ ÂÉÃÙÃÌÅ ɉÉÎ 0ÏÒÔÕÇÕÅÓÅɊ 

Motivators  for Non -Cyclists Triggers  of Cyclists 

C1 Ter uma bicicleta D1 Aquisição ou oferta de uma bicicleta 

C2 Ter uma bicicleta adequada a deslocações na cidade D2 Aquisição ou oferta de uma bicicleta adequada a deslocações na cidade 

C3 Ter uma bicicleta eléctrica D3 Aquisição ou oferta de uma bicicleta eléctrica 

C4 Aprender a andar de bicicleta D4 Aprendi a andar de bicicleta 

C5 Ter aulas de condução de bicicleta em meio urbano D5 Aprendi a andar de bicicleta em meio urbano, através de aulas de condução e/ou 
acompanhamento 

C6 Ser acompanhado/a nas minhas primeiras deslocações D6  

C7 Passar a residir próximo/a do local de trabalho/estudo/convívio D7 Passei a residir próximo/a do local de trabalho/estudo/convívio 

C8 Mudar de local de residência D8 Mudei de local de residência 

C9 Mudar de local de trabalho/estudo D9 Mudei de local de trabalho/estudo 

C10 Ter espaço para guardar uma bicicleta em casa ou na residência D10 A minha residência passou a ter espaço para guardar uma bicicleta 

C11 A minha indumentária de trabalho passar a ser compatível com deslocações em 
bicicleta 

D11 A minha indumentária de trabalho passou a ser compatível com deslocações em 
bicicleta 

C12 Ter chuveiro ou balneário disponível no meu local de trabalho/estudo D12 Passou a estar disponível um chuveiro ou balneário no meu local de 
trabalho/estudo  

C13   D13 É/era a minha ferramenta de trabalho (ex. estafeta de bicicleta) 

C14   D14 Vivi noutra cidade onde era comum as pessoas deslocarem-se de bicicleta 

C15   D15 Visitei outra cidade onde era comum as pessoas deslocarem-se de bicicleta 

C16 Expansão da rede de ciclovias D16 Expansão da rede de ciclovias 

C17 Existência de um sistema de bicicletas de uso partilhado D17 Existência de um sistema de bicicletas de uso partilhado 

C18 Aumento do número de parques de estacionamento para bicicletas D18 Aumento do número de parques de estacionamento para bicicletas 

C19 Redução geral da velocidade do tráfego automóvel D19 O tráfego automóvel passou a circular com menor velocidade 

C20 O sistema de transportes públicos permitir o transporte de bicicletas de um 
modo simples 

D20 O sistema de transportes públicos passou a permitir transportar bicicletas 

C21   D21 Preocupação com melhoria da forma física 

C22   D22 Preocupação ambiental 

C23   D23 Preocupação em transmitir uma mensagem política 

C24   D24 Questão de imagem, transmitir aos que me rodeiam que utilizo um modo 
sustentável 
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Motivators  for Non -Cyclists Triggers  of Cyclists 

C25   D25 Questão de moda 

C29 Os meus amigos/familiares/colegas passarem a deslocar-se de bicicleta D26, 
D27, 
D28 

Influência de amigos / Influência de familiares /  Influência de colegas 

C30 Campanhas de promoção da bicicleta, levadas a cabo pelo meu 
empregador/estabelecimento de ensino 

D30, 
D35 

Campanhas de promoção da bicicleta, levadas a cabo pelo meu 
empregador/estabelecimento de ensino / Participação em evento tipo Bike to 
Work Day 

C31 Campanhas de promoção da bicicleta, levadas a cabo pelo Município ou Junta de 
Freguesia 

D31 Campanhas de promoção da bicicleta, levadas a cabo pelo Município ou Junta de 
Freguesia 

C32 Campanhas de promoção da bicicleta, levadas a cabo por Associações, 
Colectividades ou outras Organizações Não-Governamentais 

D32 Campanhas de promoção da bicicleta, levadas a cabo por Associações, 
Colectividades ou outras Organizações Não-Governamentais 

C33 Campanhas de promoção da bicicleta, levadas a cabo por entidades comerciais D33 Campanhas de promoção da bicicleta, levadas a cabo por entidades comerciais, 
tipo World Bike Tour 

C34  D34 Participação em evento tipo Massa Crítica 

C36  D36 Publicidade 

C37  D37 Revistas da especialidade 

C38  D38 Artigos de jornal, blogues ou revistas 

C39  D39 Aplicações tipo Strava ou MapMyRide 

C40 Ter vantagens em lojas se chegar de bicicleta D40  

C41 Subida do preço da gasolina/gasóleo D41 Subida do preço da gasolina/gasóleo 

C42 Subida do preço dos transportes públicos D42 Subida do preço dos transportes públicos 

C43 O estacionamento no meu local de trabalho/estudo deixar de ser gratuito D43 O estacionamento no meu local de trabalho/estudo deixou de ser gratuito 

C44 Incentivos fiscais à aquisição de uma bicicleta D44   

C45 Incentivos do meu empregador à adopção da bicicleta (salariais ou dias de 
férias) 

D45   

C46  D46 Chegar rapidamente à rede de Transportes Públicos 

C47   D47 Degradação dos sistemas de transportes públicos (Metro / Carris / CP) 

C48 Alteração da minha situação financeira D48   

C49, 
C50 

A minha condição de saúde o permitir / A minha condição de saúde o exigir D50 Preocupação com condições de saúde 

C51 Deixar de ter de levar crianças à escola D51 Deixei de ter de levar crianças à escola 

C57  D57 Passei a ter de levar crianças à escola 
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Motivators  for Non -Cyclists Triggers  of Cyclists 

C52   D52 A bicicleta era o modo mais barato quanto comparado com outros modos de 
transporte 

C53   D53 Sabia que ia ser o modo mais rápido quando comparado com outros modos de 
transporte 

C54   D54 Fiquei sem automóvel 

C55 Outro:  D55 Outro: 

C56 Nada D56  
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 C. Models 

 Sub-groups classification and sociodemographic variables  C.1.

Age 

 
Figure C.1 ɀ Age distribution of the sub -groups of potential -cyclists and cyclists.  

Gender 

 
Figure C.2 ɀ Gender distribution of the sub -groups of potential -cyclists and cyclists.  
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Commuting Distance 

 

Figure C.3 ɀ Commuting distance distribution of the sub -groups of potential -cyclists and cyclists.  

 

Figure C.4 ɀ Potential commuting trip distribution (distance) in cycling infrastructure of the sub -groups of 
potential -cyclists and cyclists.  
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Home 

 

Figure C.5 ɀ Home location distribution (Lisbon or otherwise) of the sub -groups of potential -cyclists and cyclists.  

 

 

 

Figure C.6 ɀ Room to store a bicycle at home distribution of the sub -groups of potential -cyclists and cyclists.  
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Work  

 

Figure C.7 ɀ Number of commuting days (per week) distribution of the sub-groups of potential -cyclists and 
cyclists.  

 

 

Figure C.8 ɀ Self-assessment of income status distribution of the sub -groups of potential -cyclists and cyclists.  
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Figure C.9 ɀ Children at household distribution (Age) of the sub -groups of potential -cyclists and cyclists.  

 

Vehicles and transportation mode  

 

Figure C.10 ɀ Bicycles at household a vailability distribution of the sub -groups of potential -cyclists and cyclists.  
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Figure C.11 ɀ Cats at household availability distribution of the sub -groups of potential -cyclists and cyclists.  

 

 

 

Figure C.12 ɀ 2ÅÓÐÏÎÓÅÓ ÔÏ Ȱ#ÏÕÌÄ ÙÏÕ ÇÉÖÅ ÕÐ ÈÁÖÉÎÇ Á ÃÁÒȱ ÑÕÅÓÔÉÏÎ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÔÈÅ ÓÕÂ-groups of potential -
cyclists and cyclists. Only car owners considered.  
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Figure C.13 ɀ Travel mode distribution of the sub -groups of potential -cyclists and cyclists. The numbers represent 
the modal share for each class.  

 

Bicycle experience 

 

Figure C.14 ɀ Bicycle experience distribution of the sub -groups of potential -cyclists and cyclists.  
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Figure C.15 ɀ Bicycle confidence in cycling in urban areas distribution of the sub -groups of potential -cyclists and 
cyclists.  

 

 

 

Figure C.16 ɀ Bicycle familiarity in childhood distribution of the sub -groups of potential -cyclists and cyclists.  
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Self-efficacy 

 

Figure C.17 ɀ Self efficacy Likert results summary for each item and class.  
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Personality traits  

 

Figure C.18 ɀ Personality traits Likert results sum mary for each trait.  
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Figure C.19ɀ Personality traits Likert  results summary for each class.  

 
Figure C.20 ɀ Correlation matrix of Personality traits of Potential -Cyclists. Spearman (two -tailed), ordered by 

first principal component and crossed for not significant correlations (p -value >=0.05)  
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 Summary of multiple linear regression for probability of change, C.2.

wi th Sociodemographic variables  

 
 
Call:  
lm(formula = CHANGE ~ Age + Gender + Income + Children + HomeLocal +  
    lenght + PercCiclovia + HBikeStorage + VehiclesOwnHouse +  
    VehiclesCARSOwnHouse + BConfidence + BExperience +  
    Childhood, data = MODELal lSDchangelinear)  
 
Residuals:  
    Min      1Q  Median      3Q     Max  
- 99.856 - 13.657   5.034  17.956  50.272  
 
Coefficients:  
                                      Estimate Std. Error t value Pr(>|t|)     
(Intercept)                          7.872e+01  6.2 56e+00  12.582  < 2e - 16 ***  
Age                                 - 3.720e - 01  8.981e - 02  - 4.143 3.86e - 05 ***  
Gender_Male                         - 1.216e+00  2.033e+00  - 0.598   0.5500     
Income_Live without difficulties    - 2.845e+00  2.019e+00  - 1.409   0. 1594     
Income_Live with difficulties       - 1.878e+00  3.675e+00  - 0.511   0.6095     
Children _Yes                         4.536e+00  2.165e+00   2.095   0.0365 *   
HomeLocal_Lisbon Municipality        2.648e - 01  2.555e+00   0.104   0.9175     
lenght                              - 1.299e - 05  1.355e - 04  - 0.096   0.9237     
PercCiclovia                        - 2.218e - 02  3.849e - 02  - 0.576   0.5646     
HBikeStorage _No                     - 2.264e+00  2.721e+00  - 0.832   0.4055     
VehiclesOwnHouse_Yes                 5.409e+00  2.314e+00   2.338   0.0197 *   
VehiclesCARSOwnHouse_Yes            - 8.203e+00  2.773e+00  - 2.958   0.0032 **  
BConfidence                          4.750e+00  1.795e+00   2.647   0.0083 **  
BExperience                          6.630e+00  1.159e+00   5.720 1.59e - 08 ***  
Childhood_Yes                       - 1.376e - 01  3.589e+00  - 0.038   0.9694     
---  
�6�L�J�Q�L�I�����F�R�G�H�V�����������¶�
�
�
�·���������������¶�
�
�·�������������¶�
�·�������������¶���·�����������¶���·����  
 
Residual standard error: 25.08 on 695 degrees of freedom  
Multiple R - squared:  0.1939,  Adjusted R - squared:  0.1776  
F- statistic: 11.94 on 14 and 695 DF,  p - value: < 2.2e - 16 
AIC:6606.958  
 
 
 
Removing non - significant and s caling the variables  
 
 
Call:  
lm(formula = scale(CHANGE) ~ scale(Age) + Children + VehiclesOwnHouse +  
    scale(BCo nfidence) + scale(BExperience) , data = MODELallSDchangelinear )  
 
Residuals:  
    Min      1Q  Median      3Q     Max  
- 3.7288 - 0.5664  0.1722  0.6708  1.7788  
 
Coefficients:  
                          Estimate Std. Error t value Pr(>|t|)     
(Intercept)               - 0.19741    0.05027  - 3.927 9.34e - 05 ***  
scale(Age)                - 0.15665    0.03346  - 4.682 3.34e - 06 ***  
Children_Yes               0.15791    0.07444   2.121  0.03419 *   
VehiclesOwnHouse_Yes       0.27593    0.06925   3.985 7.37e - 05 ***  
scale (BConfidence)         0.12171    0.03900   3.121  0.00187 **  
scale(BExperience)         0.22795    0.04029   5.658 2.13e - 08 ***  
---  
�6�L�J�Q�L�I�����F�R�G�H�V�����������¶�
�
�
�·���������������¶�
�
�·�������������¶�
�·�������������¶���·�����������¶���·����  
 
Residual standard error: 0.9057 on 803 degrees of freedom  
Multiple R - squared:  0.1847,  Adjusted R - squared:  0.1797  
F- statistic: 36.39 on 5 and 803 DF,  p - value: < 2.2e - 16 
AIC: 2143.599  
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Table C.1 ɀ Summary for multiple linear regression model with probability to change to cycling as dependent 
variable, and sociodemographic as independent variables  

Model: Change probability ~ Socio -Demographics  

 Included (final)  B Std.Err. t p-value sig 

Intercept -0.197 0.050 -3.927 .000 ***  

Age -0.157 0.033 -4.682 .000 ***  

Children at home_Yes 0.158 0.074 2.121 .034 * 

Bicycle at home_Yes 0.276 0.069 3.985 .000 ***  

Confidence in urban cycling 0.122 0.039 3.121 .002 ** 

Bicycle proficiency 0.228 0.040 5.658 .000 ***  

Multiple R-squared:  0.185,  Adjusted R-squared:  0.180 

F-statistic: 36.39 on 5 and 803 DF,  p-value: < 2.2e-16 
  AIC: 2143.60   

LL Ratio test ʔ2(9)=4445.36 ***  

Scaled variables: Age, Income, Confidence, Proficiency 

  3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ 
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 Variables description  for binary logit models  C.3.

Table C.2 ɀ Motivators variables description.  

Variable  Long description  Short description  
BikeOwn Own a bicycle Own a bike 

BikeUrbOwn Own a bike suitable for urban trips Own na urban bike 

BikeEOwn Own an electric bicycle Own an electric bike 

LearnRide Learn to ride a bicycle Learn how to ride a bike 

LearnUrbRide Take biking lessons for urban cycling Biking lessons for urban cycling 

BikeBuddy Be accompanied during the first cycling trips Cycling coach 

DistanceCloser Live closer to work/school/living place Shorter commuting distance 

MoveHome Move / Change home place Move home place 

MoveWork Change work place/school location Move work place 

BikeRoom Have room to store a bike at home Room to store a bike at home 

Clothing Work clothes became compatible with cycling Clothing compatible to work 

Showers Showers or a dressing room available at my 
workplace/school 

Showers or dressing room 

CyclingNetwork Expansion of the cycling network, such as bike paths, bike 
lanes & sharrows 

Cycling network expansion 

Parking More bike racks and parking Bike parkings 

BikeShare Existence of a bike sharing system Bike-sharing system 

SpeedLowerTraffic General reduction of speed of car traffic Reduction of traffic speed 

PublicTransitBikes Public transportation system easily accommodate bicycles Carry bicycles on public transit 

Friends Friends/family/colleagues regularly ride bicycles Friends influence 

CampaignsWork Bicycle promotion campaigns carried out by my 
employer/school 

Campaigns at work 

CampaignsMunicipal Bicycle promotion campaigns carried out by the 
Municipality or City Districts 

Campaigns by District or 
Municipality  

CampaignsAdvocacy Bicycle promotion campaigns carried out by Associations, 
Collectivities or other Non-profit Organizations 

Advocacy campaigns 

CampaignsComercial Bicycle promotion campaigns carried out by commercial 
entities 

Comercial campaigns 

ShopPromo Discounts or similar incentives in shops if arriving by bike Promotions at shops 

GasRise The rise in the price of gas Rise of gas price 

PTransportRise The rise in the price of public transport Rise of public transit price 

ParkingRise Parking at my workplace/school would be no longer free 
or became too expensive 

Rise of car parking 

TaxIncentives Tax incentives for purchasing a bicycle Tax incentives for bike aquisiton 

EmployerIncentives Employer-based incentives for bicycle adoption (financial 
or paid time off) 

Employer incentives 

FinancialStatus Change of my financial situation Change of finantial status 

PhisicalAble Became physically able to ride more or at all Became physically able to bike 

HealthNeed Riding a bicycle became necessary for my health Need to improve health 

StopChildren Do not need to regularly transport children to 
daycare/school and/or another places 

Stop transport children to school 

Other Other  Other 
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Table C.3 ɀ Descriptive statistics (=1) for each variable, for each group of potential cyclists and cyclists  

  Pessimists Optimists  Enthusiasts  
Recent 
Cyclists 

First 
Cyclists 

Potential  
Cyclists Cyclists 

Group size 79 259 359 87 226 725 313 

Variable  n % n % n % n % n % n % n % 

BikeOwn 7 9 18 7 33 9 16 18 67 30 58 8 83 27 

BikeUrbOwn 13 16 37 14 43 12 5 6 18 8 93 13 23 7 

BikeEOwn 16 20 53 20 76 21 5 6 8 4 145 20 13 4 

LearnRide 12 15 13 5 13 4 1 1 3 1 38 5 4 1 

LearnUrbRide 8 10 31 12 19 5 5 6 5 2 58 8 10 3 

BikeBuddy 6 8 14 5 14 4 0 
 

0   34 5 0 
 

DistanceCloser 25 32 63 24 93 26 7 8 18 8 181 25 25 8 

MoveHome 4 5 20 8 20 6 9 10 12 5 44 6 21 7 

MoveWork 1 1 15 6 27 8 12 14 22 10 43 6 34 11 

BikeRoom 15 19 42 16 46 13 2 2 9 4 103 14 11 4 

Clothes 8 10 24 9 17 5 1 1 5 2 49 7 6 2 

Showers 8 10 27 10 46 13 0 
 

4 2 81 11 4 1 

CyclingNetwork 8 10 92 36 148 41 35 40 40 18 248 34 75 24 

Parking 5 6 14 5 35 10 0 
 

3 1 54 7 3 1 

BikeShare 6 8 24 9 60 17 14 16 3 1 90 12 17 5 

SpeedLowerTraffic 6 8 30 12 41 11 2 2 5 2 77 11 7 2 

PublicTransitBikes 7 9 34 13 69 19 1 1 17 8 110 15 18 6 

Friends 2 3 5 2 7 2 19 22 48 21 14 2 67 21 

CampaignsWork 1 1 1 0 7 2 0 
 

2 1 9 1 2 1 

CampaignsMunicipal 1 1 4 2 9 3 0 
 

2 1 14 2 2 1 

CampaignsAdvocacy 0 
 

1 0 0 
 

3 3 7 3 1 0 10 3 

CampaignsComercial 0 
 

2 1 1 0 0 
 

1 0 3 0 1 0 

ShopPromo 1 1 4 2 2 1 0 
 

0   7 1 0 
 

GasRise 2 3 5 2 3 1 3 3 11 5 10 1 14 4 

PTransportRise 2 3 5 2 3 1 2 2 18 8 10 1 20 6 

ParkingRise 3 4 5 2 5 1 3 3 6 3 13 2 9 3 

TaxIncentives 4 5 16 6 20 6 0 
 

0   40 6 0 
 

EmployerIncentives 6 8 22 8 46 13 0 
 

0   74 10 0 
 

FinancialStatus 0 
 

6 2 8 2 0 
 

0   14 2 0 
 

PhisicalAble 5 6 14 5 11 3 0 
 

0   30 4 0 
 

HealthNeed 1 1 6 2 6 2 27 31 55 24 13 2 82 26 

StopChildren 7 9 27 10 33 9 0 
 

5 2 67 9 5 2 

Other 5 6 12 5 24 7 10 11 42 19 41 6 52 17 

Note: The Non-Cyclists (size = 41) did not select any factor that would make them change to bicycle, and therefore are not 

represented on this table. 4ÈÅ Ȱ&ÉÒÓÔ #ÙÃÌÉÓÔÓȱ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÔÈÅ #ÙÃÌÉÓÔÓ ÔÈÁÔ ÓÔÁÒÔÅÄ ÔÏ ÂÉÃÙÃÌÅ ÍÏÒÅ ÔÈÁÎ ÏÎÅ ÙÅÁÒ ÐÒÉÏÒ ÔÏ ÔÈÅ 

survey. This table presents the chosen motivators that would make Non-Cyclists shift to bicycle (top 3), and the chosen triggers that 

made Cyclists start bicycle (top 5). 
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 Correlation matrix for dependent variables  C.4.

 
Figure C.21 ɀ #ÏÒÒÅÌÁÔÉÏÎ ÍÁÔÒÉØ ÏÆ 0ÅÓÓÉÍÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȢ 3ÐÅÁÒÍÁÎ ɉÔ×Ï-tailed), ordered by first principal 

component and crossed for not significant correlations (p -value >=0.05).  
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Figure C.22 ɀ #ÏÒÒÅÌÁÔÉÏÎ ÍÁÔÒÉØ ÏÆ /ÐÔÉÍÉÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȢ 3ÐÅÁÒÍÁÎ ɉÔ×Ï-tailed), ordered by first princ ipal 

component and crossed for not significant correlations (p -value >=0.05).  

 

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
E

m
p
lo

y
e
rI

n
c
e
n
tiv

e
s

T
a
x
In

c
e
n
tiv

e
s

H
e
a
lth

N
e
e
d

B
ik

e
E

O
w

n

C
a
m

p
a
ig

n
s
W

o
rk

P
T

ra
n
s
p
o
rt

R
is

e

C
lo

th
e
s

S
h
o
w

e
rs

B
ik

e
O

w
n

F
in

a
n
c
ia

lS
ta

tu
s

B
ik

e
R

o
o
m

S
h
o
p
P

ro
m

o

C
a
m

p
a
ig

n
s
M

u
n
ic

ip
a
l

P
a
rk

in
g
R

is
e

S
to

p
C

h
ild

re
n

D
is

ta
n
c
e
C

lo
s
e
r

P
h
is

ic
a
lA

b
le

C
a
m

p
a
ig

n
s
A

d
v
o
c
a
c
y

C
a
m

p
a
ig

n
s
C

o
m

e
rc

ia
l

P
u
b
lic

T
ra

n
s
itB

ik
e
s

P
a
rk

in
g

M
o
v
e
W

o
rk

B
ik

e
S

h
a
re

G
a
s
R

id
e

L
e
a
rn

R
id

e

M
o
v
e
H

o
m

e

F
ri
e
n
d
s

B
ik

e
U

rb
O

w
n

L
e
a
rn

U
rb

R
id

e

S
p
e
e
d
L
o
w

e
rT

ra
ff
ic

C
y
c
lin

g
N

e
tw

o
rk

B
ik

e
B

u
d
d
y

EmployerIncentives

TaxIncentives

HealthNeed

BikeEOw n

CampaignsWork

PTransportRise

Clothes

Show ers

BikeOw n

FinancialStatus

BikeRoom

ShopPromo

CampaignsMunicipal

ParkingRise

StopChildren

DistanceCloser

PhisicalAble

CampaignsAdvocacy

CampaignsComercial

PublicTransitBikes

Parking

MoveWork

BikeShare

GasRide

LearnRide

MoveHome

Friends

BikeUrbOw n

LearnUrbRide

SpeedLow erTraff ic

CyclingNetw ork

BikeBuddy



Supporting materials 

C.18 

 
Figure C.23 ɀ #ÏÒÒÅÌÁÔÉÏÎ ÍÁÔÒÉØ ÏÆ %ÎÔÈÕÓÉÁÓÔÓȭ ÍÏÔÉÖÁÔÏÒÓȢ 3ÐÅÁÒÍÁÎ ɉÔ×Ï-tailed), ordered by first principal 

component and crossed for not significant correlations (p -value >=0.05).  
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Figure C.24 ɀ #ÏÒÒÅÌÁÔÉÏÎ ÍÁÔÒÉØ ÏÆ #ÙÃÌÉÓÔÓȭ ÔÒÉÇÇÅÒÓȢ 3ÐÅÁÒÍÁÎ ɉÔ×Ï-tailed), ordered by first principal 
component and crossed for not significant correlations (p -value >=0.05).  
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 Binary lo ÇÉÔ ÍÏÄÅÌÓȭ ÓÕÍÍÁÒÉÅÓ C.5.

Model Logit003 ɀNon-Cyclists vs. Cyclists (all included)  
 
 

Table C.4 ɀ Binary logit model summary : membership of  Non-Cyclists and Cyclists, with all respondents 
included.  

Model NC-C: Non-Cyclist vs. Cyclist (all)  

     Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant -0.470 0.135 -3.471 .001 ***  0.63 
 

0.48 0.81 

Parking -2.774 0.777 -3.569 .000 ***  0.06 16.02 0.01 0.24 

Showers -2.349 0.581 -4.046 .000 ***  0.10 10.48 0.03 0.27 

SpeedLowerTraffic -1.976 0.521 -3.791 .000 ***  0.14 7.21 0.05 0.36 

LearnRide -1.828 0.654 -2.795 .005 ** 0.16 6.22 0.04 0.50 

Clothes -1.661 0.596 -2.788 .005 ** 0.19 5.26 0.05 0.56 

BikeRoom -1.614 0.402 -4.018 .000 ***  0.20 5.02 0.09 0.42 

StopChildren -1.587 0.535 -2.969 .003 ** 0.20 4.89 0.06 0.53 

PublicTransitBikes -1.560 0.359 -4.349 .000 ***  0.21 4.76 0.10 0.41 

BikeEOwn -1.516 0.359 -4.226 .000 ***  0.22 4.55 0.10 0.43 

DistanceCloser -1.485 0.276 -5.388 .000 ***  0.23 4.42 0.13 0.38 

LearnUrbRide -1.043 0.462 -2.259 .024 * 0.35 2.84 0.13 0.83 

BikeShare -0.939 0.329 -2.853 .004 ** 0.39 2.56 0.20 0.73 

MoveWork 0.824 0.312 2.637 .008 ** 2.28 
 

1.23 4.20 

PTransportRise 0.984 0.477 2.064 .039 * 2.68 
 

1.06 7.00 

BikeOwn 1.241 0.255 4.873 .000 ***  3.46 
 

2.11 5.73 

GasRise 1.652 0.598 2.761 .006 ** 5.22 
 

1.62 17.12 

Friends 2.444 0.373 6.544 .000 ***  11.52 
 

5.71 24.84 

CampaignsAdvocacy 2.808 1.171 2.399 .016 * 16.58 
 

2.38 348.34 

HealthNeed 2.847 0.362 7.864 .000 ***  17.23 
 

8.75 36.44 

Sample size (n) 1079 
    

  
  Non-Cyclists (0) 766         

Cyclists (1) 313         
AIC 810.29 

 
AIC i 698.67 

 
  

  LL -385.14 
 

LL i -316.33 
    

 
LL null -649.80 

 
  

    
 

LL Ratio test ʔ2(19)=529.32 ***  
  

    
 

Accuracy 0.849 
 

Acc. i 0.837 
    

 
AUROC 0.892 ***  AUROC i 0.930 ***  

    Pseudo R2 - McFadden 0.407         
Pseudo R2 - Cox & Snell 0.388         
Pseudo R2 - Nagelkerke 0.554         
Hosmer-Lemeshow test H0 not rejected       
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Model Logit01  ɀ Pessimist vs. Optimist  
 
 

Table C.5 ɀ Binary logit model summary : membership of  Pessimists and Optimists  classes. 

Model 0-1: Pessimist vs. Optimist  

       Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 0.965 0.152 6.371 .000 ***  2.63 
 

1.96 3.56 

LearnRide -1.043 0.434 -2.403 .016 * 0.35 2.84 0.15 0.83 

CyclingNetwork 1.524 0.397 3.840 .000 ***  4.59 
 

2.22 10.76 

Sample size (n) 338 
        Pessimists (0) 79 (23%)         

Optimists (1) 259 (77%)         
AIC 346.25 

 
AIC i 389.60 

     LL -170.13 
 

LL i -160.8 
     LL null -183.78 

 
  

     LL Ratio test ʔ2(2)=27.32 ***  
  

     Accuracy 0.766 
 

Acc i 0.787 
     AUROC 0.655 ** AUROC i 0.737 ***  

    Pseudo R2 - McFadden 0.074 
 

       Pseudo R2 - Cox & Snell 0.078 
 

       Pseudo R2 - Nagelkerke 0.117 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 
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Model Logit12  ɀ Optimist vs. Enthusiast  
 
 

Table C.6 ɀ Binary logit model summary : membership of  Optimists and Enthusiasts  classes. 

Model 1-2: Optimist vs. Enthusiast  

     Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant 0.158 0.114 1.391 .164 
 

0.85 

 

0.66 1.09 

LearnUrbRide -0.736 0.310 -2.373 .018 * 0.48 2.09 0.26 0.87 

Clothing -0.676 0.337 -2.010 .044 * 0.51 1.97 0.26 0.98 

PublicTransitBikes 0.468 0.233 2.011 .044 * 1.60  1.02 2.54 

EmployerIncentives 0.545 0.280 1.947 .052 . 1.72  1.01 3.03 

Parking 0.693 0.332 2.085 .037 * 2.00 
 

1.06 3.95 

BikeShare 0.707 0.262 2.702 .007 ** 2.03  1.23 3.44 

Sample size (n) 618 
    

  
  Optimists (0) 259 (42%)         

Enthusuasts (1) 359 (58%)         
AIC 823.04 

 
AIC i 850.35 

 
  

  LL -404.52 
 

LL i -391.18 
     LL null -420.24 

 
  

     LL ratio test ʔ2(7)=31.43 ***  
  

     Accuracy 0.607 
 

Acc i 0.647 
     AUROC 0.620 ***  AUROC i 0.678 ***          

Pseudo R2 - McFadden 0.037         
Pseudo R2 - Cox & Snell 0.050         
Pseudo R2 - Nagelkerke 0.067         
Hosmer-Lemeshow test: H0 not rejected 

 
     3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 
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Model Logit2 4 ɀ Enthusiast vs. Recent Cyclist 
 
 

Table C.7 ɀ Binary  logit model summary: membership of Enthusiasts and Recent Cyclists classes. 

Model 2-4: Enthusiast vs. Recent Cyclist 

    Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant -1.120 0.182 -6.150 .000 ***  0.33 0.00a 0.23 0.46 

PublicTransitBikes -3.100 1.080 -2.869 .004 ** 0.05 22.19 0.00 0.24 

SpeedLowerTraffic -2.337 1.019 -2.293 .022 * 0.10 10.35 0.01 0.50 

BikeRoom -1.919 0.822 -2.334 .020 * 0.15 6.82 0.02 0.58 

BikeEOwn -1.560 0.548 -2.846 .004 ** 0.21 4.76 0.06 0.56 

DistanceCloser -1.343 0.459 -2.924 .003 ** 0.26 3.83 0.10 0.60 

Friends 2.738 0.579 4.732 .000 ***  15.45 
 

5.26 52.45 

HealthNeed 3.170 0.575 5.512 .000 ***  23.80  8.41 83.10 

Sample size (n) 446 
    

  
  Enthusuasts (0) 359 (80.5%)         

Recent Cyclists (1) 87 (19.5%)         
AIC 302.03 

 
AIC i 201.07 

 
  

  LL -143.02 
 

LL i -66.54 
    

 
LL null -220.10 

 
  

    
 

LL ratio test ʔ2(7)=154.16 ***  
  

    
 

Accuracy 0.870  Acc i 0.937      
AUROC 0.862 ***  AUROC i 0.978 ***      

Pseudo R2 - McFadden 0.350         
Pseudo R2 - Cox & Snell 0.292         
Pseudo R2 - Nagelkerke 0.466         
Hosmer-Lemeshow test: H0 not rejected 

 
     3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ 
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Model Logit23  ɀ Enthusiast vs. all  Cyclists 
 
 

Table C.8 ɀ Binary logit model summary:  membership of  Enthusiast s and Cyclists classes, with all Cyclists 
included.  

Model 2-3: Enthusiast vs. Cyclist (all)  

 
 

  Included (final)  B Std.Err. z value p-value sig OR 1/OR OR (IC-95%)  

Constant 0.884 0.178 4.977 .000 ***  2.42 
 

1.72 3.46 

Showers -3.065 0.665 -4.613 .000 ***  0.05 21.44 0.01 0.15 

Parking -2.922 0.767 -3.810 .000 ***  0.05 18.58 0.01 0.20 

SpeedLowerTraffic -2.722 0.608 -4.476 .000 ***  0.07 15.21 0.02 0.20 

LearnRide -2.181 0.698 -3.125 .002 ** 0.11 8.86 0.02 0.41 

StopChildren -2.135 0.592 -3.606 .000 ***  0.12 8.46 0.03 0.34 

BikeEOwn -2.069 0.411 -5.03 .000 ***  0.13 7.92 0.05 0.27 

PublicTransitBikes -1.943 0.387 -5.025 .000 ***  0.14 6.98 0.06 0.30 

DistanceCloser -1.752 0.305 -5.746 .000 ***  0.17 5.76 0.09 0.31 

BikeShare -1.740 0.365 -4.763 .000 ***  0.18 5.70 0.08 0.35 

Clothes -1.712 0.646 -2.651 .008 ** 0.18 5.54 0.05 0.61 

BikeRoom -1.561 0.434 -3.599 .000 ***  0.21 4.76 0.09 0.48 

BikeOwn 0.793 0.310 2.560 .010 * 2.21 
 

1.21 4.10 

Friends 2.518 0.510 4.934 .000 ***  12.40 
 

4.88 36.69 

GasRise 2.844 0.826 3.443 .001 ***  17.19 
 

3.67 101.00 

HealthNeed 2.860 0.494 5.788 .000 ***  17.47  7.12 50.63 

Sample size (n) 672 
 

  
 

  
  Enthusiasts (0)  359 (53%)         

Cyclists (all) (1) 313 (47%)         
AIC 537.04 

 
AIC i 410.39 

 
  

  LL -252.52 
 

LL i -171.19 
    

 
LL null -464.22 

 
  

    
 

LL Ratio test ʔ2(15)=426.4 ***  
  

    
 

Accuracy 0.839 
 

Acc. i 0.894 
    

 
AUROC 0.911 ***  AUROC i 0.961 ***  

    Pseudo R2 - McFadden 0.456         
Pseudo R2 - Cox & Snell 0.474         
Pseudo R2 - Nagelkerke 0.624         
Hosmer-Lemeshow test H0 not rejected        
3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ 
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Models for sensibility test of Neutrals  
 
 

Table C.9 ɀ Binary logit model summary: membership of Pessimists and Optimists classes, with Neutrals on 
the Pessimist class. 

Model 0-1: Pessimist  (including Neutrals)  vs. Optimist  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant -0.185 0.133 -1.396 .163 
 

0.83 1.20 0.64 1.08 

BikeBuddy -1.064 0.516 -2.061 .039 * 0.35 2.90 0.12 0.91 

CyclingNetwork 1.022 0.254 4.023 .000 ***  2.78 
 

1.70 4.62 

Sample size (n) 338 
        Pessimists (0) 165 (49%)         

Optimists (1) 173 (51%)         
AIC 453.36 

 
AIC i 476.13 

     LL -223.68 
 

LL i -204.06 
     LL null -234.19 

 
  

     LL Ratio test ʔ2(2)=21.02 ***  
  

     Accuracy 0.592 
 

Acc i 0.678 
     AUROC 0.610 *** AUROC i 0.730 ***  

    Pseudo R2 - McFadden 0.045 
 

       Pseudo R2 - Cox & Snell 0.060 
 

       Pseudo R2 - Nagelkerke 0.080 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

 
 
Table C.10 ɀ Binary logit model summary: membership of Optimists and Enthusiasts classes, with Neutrals on 

the Pessimist class. 

Model 1-2: Optimist (excluding Neutrals)  vs. Enthusiast  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 0.658 0.108 6.067 .000 ***  1.93 
 

1.56 2.39 

LearnUrbRide -0.852 0.335 -2.547 .011 * 0.43 2.34 0.22 0.82 

PublicTransitBikes 0.581 0.275 2.115 .034 * 1.79  1.06 3.13 

Parking 0.794 0.406 1.958 .050 . 2.21  1.05 5.25 

Sample size (n) 532 
        Optimists (0)  173 (33%)         

Enthusiasts (1) 359 (67%)         
AIC 662.71 

 
AIC i 691.19 

     LL -327.36 
 

LL i -311.60 
     LL null -355.54 

 
  

     LL Ratio test ʔ2(3)=16.37 ***  
  

     Accuracy 0.688 
 

Acc i 0.694 
     AUROC 0.576 ***  AUROC i 0.678 ***  

    Pseudo R2 - McFadden 0.024 
 

       Pseudo R2 - Cox & Snell 0.030 
 

       Pseudo R2 - Nagelkerke 0.042 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

The model 2-4 Enthusiasts vs. Recent Cyclists does not change with this test because the 

members of each class remain the same as previously (Table C.7).  
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Table C.11 ɀ Binary logit model summary: membership of Pessimists and Optimists classes, with flexible 
threshold s (-5%).  

Model 0-1: Pessimist  [0 -45] vs. Optimist  [46 -95]  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 1.024 0.154 6.637 .000 ***  2.79 
 

2.07 3.80 

LearnRide -1.108 0.436 -2.542 .011 * 0.33 3.03 0.14 0.78 

CyclingNetwork 1.605 0.420 3.822 .000 ***  4.98 
 

2.33 12.35 

Sample size (n) 335 
        Pessimists (0) 75 (22%)         

Optimists (1) 260 (78%)         
AIC 333.76 

 
AIC i 379.42 

     LL -163.88 
 

LL i -155.70 
     LL null -178.15 

 
  

     LL Ratio test ʔ2(2)=28.53 ***  
  

     Accuracy 0.776 
 

Acc i 0.791 
     AUROC 0.661 ** AUROC i 0.737 ***  

    Pseudo R2 - McFadden 0.080 
 

       Pseudo R2 - Cox & Snell 0.082 
 

       Pseudo R2 - Nagelkerke 0.125 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

 
 

Table C.12 ɀ Binary logit model summary: membership of Optimists and Enthusiasts classes, with flexible 
thresholds ( -5%).  

Model 1-2: Optimist [46 -95]  vs. Enthusiast [96 -100]  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 0.115 0.110 1.046 .296 
 

1.12 
 

0.90 1.39 

LearnUrbRide -0.640 0.306 -2.091 .037 * 0.53 1.90 0.29 0.95 

PublicTransitBikes 0.431 0.228 1.889 .059 . 1.54  0.99 2.43 

EmployerIncentives 0.525 0.278 1.886 .059 . 1.69  0.99 2.96 

Parking 0.693 0.331 2.092 .036 * 2.00  1.07 3.95 

BikeShare 0.723 0.261 2.775 .006 ** 2.06   1.25 3.49 

Sample size (n) 622 
        Optimists (0) 260 (42%)         

Enthusiasts (1) 362 (58%)         
AIC 660.97 

 
AIC i 681.19 

     LL -410.47 
 

LL i -396.59 
     LL null -422.71 

 
  

     LL Ratio test ʔ2(5)=24.52 ***  
  

     Accuracy 0.600 
 

Acc i 0.641 
     AUROC 0.604 ** AUROC i 0.667 ***  

    Pseudo R2 - McFadden 0.029 
 

       Pseudo R2 - Cox & Snell 0.039 
 

       Pseudo R2 - Nagelkerke 0.052 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 
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Table C.13 ɀ Binary logit model summary: membership of Enthusiasts and Recent Cyclists classes, with 
flexible thresholds ( -5%).  

Model 2-4: Enthusiast [96 -100]  vs. Recent Cyclist 

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  
Constant -1.129 0.182 -6.205 .000 ***  0.32 3.09 0.22 0.46 

PublicTransitBikes -3.095 1.081 -2.863 .004 ** 0.05 22.08 0.00 0.25 

SpeedLowerTraffic -2.363 1.016 -2.326 .020 * 0.09 10.62 0.01 0.48 

BikeRoom -1.914 0.823 -2.326 .020 * 0.15 6.78 0.02 0.59 

BikeEOwn -1.552 0.549 -2.829 .005 ** 0.21 4.72 0.06 0.56 

DistanceCloser -1.350 0.459 -2.943 .003 ** 0.26 3.86 0.10 0.60 

Friends 2.749 0.579 4.750 .000 ***  15.62  5.32 53.03 

HealthNeed 3.178 0.575 5.528 .000 ***  23.99  8.48 83.73 

Sample size (n) 449 
        Enthusiasts (0)  362 (81%)         

Recent Cyclists (1)  87 (19%)         
AIC 308.82 

 
AIC i 201.69 

     LL -143.41 
 

LL i -66.85 
     LL null -220.76 

 
  

     LL Ratio test ʔ2(7)=154.67 ***  
  

     Accuracy 0.871 
 

Acc i 0.938 
     AUROC 0.862 *** AUROC i 0.977 ***  

    Pseudo R2 - McFadden 0.350 
 

       Pseudo R2 - Cox & Snell 0.291 
 

       Pseudo R2 - Nagelkerke 0.466 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 
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Table C.14 ɀ Binary logit model summary: membership of Pessimists and Optimists classes, with flexible 
thresholds (+5%).  

Model 0-1: Pessimist  [0 -55] vs. Optimist  [56 -95]  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant -0.524 0.142 -3.692 .000 ***  0.59 1.69 0.45 0.78 

BikeBuddy -1.019 0.546 -1.866 .062 . 0.36 2.77 0.11 0.99 

TaxIncentives 0.960 0.493 1.947 .052 . 2.61  1.02 7.25 

CyclingNetwork 1.084 0.252 4.298 .000 ***  2.96  1.81 4.88 

Sample size (n) 335 
        Pessimists (0) 184 (55%)         

Optimists (1) 151 (45%)         
AIC 443.24 

 
AIC i 468.71 

     LL -217.62 
 

LL i -200.40 
     LL null -230.58 

 
  

     LL Ratio test ʔ2(3)=25.92 ***  
  

     Accuracy 0.627 
 

Acc i 0.687 
     AUROC 0.635 ** AUROC i 0.735 ***  

    Pseudo R2 - McFadden 0.056 
 

       Pseudo R2 - Cox & Snell 0.074 
 

       Pseudo R2 - Nagelkerke 0.100 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

 
 

Table C.15 ɀ Binary logit model summary: membership of Optimists and Enthusiasts classes, with flexible 
thresholds ( +5%).  

Model 1-2: Optimist [ 56-95]  vs. Enthusiast [96 -100]  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 0.990 0.106 9.320 .000 ***  1.12 
 

0.90 1.39 

LearnUrbRide -0.833 0.342 -2.436 .015 * 0.53 1.90 0.29 0.95 

Clothes -0.660 0.373 -1.768 .077 . 2.00  1.07 3.95 

Sample size (n) 513 
        Optimists (0) 151 (29%)         

Enthusiasts (1) 362 (71%)         
AIC 618.86 

 
AIC i 650.17 

     LL -306.43 
 

LL i -219.09 
     LL null -310.88 

 
  

     LL Ratio test ʔ2(2)=8.89 * 
  

     Accuracy 0.708 
 

Acc i 0.712 
     AUROC 0.549 

 
AUROC i 0.663 ***  

    Pseudo R2 - McFadden 0.014 
 

       Pseudo R2 - Cox & Snell 0.017 
 

       Pseudo R2 - Nagelkerke 0.024 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

 

The model 2-4 Enthusiasts vs. Recent Cyclists is the same as presented in Table C.13 

because the members of each class remain the same. 
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Table C.16 ɀ Binary logit model summary: membership of Pessimists and Neutral  classes. 

Model 0-0.5: Pessimist vs. Neutral  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant -0.136 0.174 -0.780 .436 
 

0.87 1.15 0.62 1.23 

CyclingNetwork 1.234 0.444 2.781 .005 ** 3.44 
 

1.49 8.67 

Sample size (n) 165 
        Pessimists (0)  79 (48%)         

Optimists (1) 86 (52%)         
AIC 223.76 

 
AIC i 254.37 

     LL -109.88 
 

LL i -95.18 
     LL null -114.22 

 
  

     LL Ratio test ʔ2(1)=8.68 ** 
  

     Accuracy 0.576 
 

Acc i 0.667 
     AUROC 0.589 ** AUROC i 0.759 ***  

    Pseudo R2 - McFadden 0.038 
 

       Pseudo R2 - Cox & Snell 0.051 
 

       Pseudo R2 - Nagelkerke 0.068 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

 
 

Table C.17 ɀ Binary logit model summary: membership of Neutral and Optimists classes  

Model 0.5-1: Neutral  vs. Enthusiast  

 Included (final)  B Std.Err. z value p-value sig OR 1/OR (IC-95%)  

Constant 0.578 0.163 3.544 .000 ***  1.78 
 

1.30 2.47 

BikeBuddy -1.156 0.566 -2.041 .041 * 0.31 3.18 0.10 0.95 

CyclingNetwork 0.570 0.292 1.954 .051 . 1.77  1.01 3.17 

Sample size (n) 259 
        Optimists (0) 86 (33%)         

Enthusiasts (1) 173 (67%)         
AIC 327.72 

 
AIC i 340.82 

     LL -160.86 
 

LL i -136.4 
     LL null -164.62 

 
  

     LL Ratio test ʔ2(2)=7.53 * 
  

     Accuracy 0.617 
 

Acc i 0.676 
     AUROC 0.648 . AUROC i 0.580 . 

    Pseudo R2 - McFadden 0.023 
 

       Pseudo R2 - Cox & Snell 0.029 
 

       Pseudo R2 - Nagelkerke 0.040 
 

       Hosmer-Lemeshow test H0 not rejected 
       3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ. NA: not able to compute 

The model Optimists vs. Enthusiasts and Enthusiasts vs. Recent Cyclists do not change 

with this test because the members of each class remain the same as previously 

presented in Table C.10 and Table C.7. 
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 D. Cycling infrastructure in Lisbon  

 

Figure D.1 ɀ Evolution of the bicycle network infrastructure in Lisbon, from 2001 to 2018.  In black,  the new segments, in grey, the existing ones.  
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Figure D.2 ɀ Evolution of the extension of the bicycle infrastructure in Lisbon, from 2000 to 2018  

 

 

Figure D.3 ɀ Bike -sharing docks and cycling network expansion plan for Lisbon  by 2021 . ESRI gray light 
basemap. 
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Figure D.4 ɀ #ÏÍÐÁÒÉÓÏÎ ÏÆ ÒÅÓÕÌÔÓ ÆÒÏÍ ÍÁÎÕÁÌ ÃÙÃÌÉÓÔÓȭ ÃÏÕÎÔÓ ÉÎ ,ÉÓÂÏÎ ɉςπρχ ÁÎÄ ςπρψɊȟ ÁÔ ÍÏÒÎÉÎÇ ÁÎÄ 

afternoon peak hours.  Stamen Toner Lite basemap. 

 


