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Resumo

Ana Yoon Faria de Lima. Politica de bonificacio a ciclistas: Uma proposta de projeto
piloto para fundamentar uma politica publica em Sdo Paulo, Brasil. Monografia
(Bacharelado). Instituto de Matematica e Estatistica, Universidade de Sdo Paulo, Sao
Paulo, 2023.

A bicicleta é um meio de transporte sustentavel que pode contribuir para a melhoria da qualidade de
vida urbana em diversas dimensdes, como a redugio da poluicdo ambiental, a melhora da satde publica e a
diminuicéo dos custos sociais e individuais do transporte. Nesse sentido, politicas ptblicas que incentivam o
uso da bicicleta sdo cada vez mais importantes para o planejamento de transporte urbano. Entre as iniciativas
existentes esta o incentivo monetario a ciclistas, que ja existe em alguns paises, principalmente na Europa.
Em 2016, a prefeitura de Sdo Paulo aprovou uma lei para implementar essa politica na cidade por meio do
programa Bike SP. No entanto, a politica ainda néo foi colocada em pratica, devido a falta de implementacdes
anteriores em um contexto semelhante ao de Sdo Paulo e de evidéncias cientificas que orientem o seu desenho
e execugdo. Diante disso, este projeto tem como objetivo elaborar e preparar a implementacdo de um projeto
piloto que possa gerar dados empiricos e recomendagdes para o programa Bike SP e definir seus principais
aspectos, como critérios de elegibilidade, valor do incentivo e métricas de avaliacdo. Este estudo utiliza uma
abordagem multidisciplinar que integra ciéncia de dados e técnicas econométricas com teorias das ciéncias
sociais sobre mobilidade e justica de dados, e é realizado em parceria com especialistas em mobilidade
cicloviaria e com a Prefeitura de Sdo Paulo. Seguindo um plano de pré-analise, este trabalho propde uma
metodologia de pesquisa que pode ser generalizada e aplicada a outras politicas publicas inovadoras que,
assim como o Bike SP, demandam avaliacio e testes rigorosos devido a auséncia de precedentes. Os resultados
indicam que o programa Bike SP pode ter um impacto que vai além do aumento da participagdo modal do
ciclismo, por meio da geracdo de dados e da formagdo de uma comunidade de ciclistas. O estudo também
conclui que o programa deve ser acompanhado por outras medidas que aumentem a seguranca e a qualidade

do ciclismo na cidade, em um esfor¢o conjunto para criar um ambiente cicloviario inclusivo.

Palavras-chave: Promocio de Ciclismo. Bonificagéo a Ciclistas. Justica de Dados de Mobilidade. Compu-
tacdo Urbana. Bike SP.






Abstract

Ana Yoon Faria de Lima. Cycling promotion using financial incentives: A pilot de-
sign to inform public policy in Sdo Paulo, Brazil. Capstone Project Report (Bachelor).

Institute of Mathematics and Statistics, University of Sdo Paulo, Sao Paulo, 2023.

Bicycle transportation is a sustainable mode of mobility that can benefit society in various ways, such
as reducing environmental pollution, improving public health, and saving economic costs. Consequently,
public policies that promote bicycle use have become increasingly relevant for transportation planning. A
policy option that has been implemented in some countries, mainly in Europe, is financial incentives for
cyclists. In 2016, the City Hall of Sdo Paulo approved a law to introduce this policy in the city through the
Bike SP program. However, the policy has not been operationalized yet, owing to the scarcity of previous
implementations in a context comparable to Sdo Paulo and of scientific evidence to support its design and
execution. Therefore, this project aims to design and prepare the implementation of a pilot project that can
provide empirical data and insights for the Bike SP program and define its key aspects, such as eligibility
criteria, incentive amount, and evaluation metrics. This study adopts an interdisciplinary approach that
combines data science and econometric techniques with social science theories on mobility and data justice,
and it is conducted in collaboration with cycle mobility specialists and with the City Hall of Sdo Paulo.
Drawing on a pre-analysis plan, this work proposes a research methodology that can be generalized and
applied to other emerging policy domains that, like Bike SP, require rigorous evaluation and testing due to
the lack of precedents. The findings suggest that the Bike SP program can have an impact that goes beyond
increasing the mode share of cycling, through the generation of cycling data and the development of a
cycling community. The study also concludes that the program should be complemented by other measures
that improve the safety and quality of cycling in the city, in a joint effort to create an inclusive cycling

environment.

Keywords: Cycling Promotion. Financial Incentives. Mobility Data Justice. Urban Computing.
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Chapter 1

Introduction

1.1 Research Background

The promotion of cycling as a mode of transportation has been recognized as a key
strategy for achieving sustainable urban mobility and improving public health. Regardless,
cycling remains a marginal mode of transport in many cities around the world. In Sao
Paulo, Brazil's largest city with more than 12 million inhabitants and 24 million trips daily,
only 0.9% of all trips were made by bicycle in 20Mefrd S&o Paulo , 2017). Recently,
the City Hall of S&o Paulo set the ambitious goal of raising the mode share of cycling to
3.2% by 202&60 Paulo's City Hall , 2022).

As an e ort to promote cycling in Sdo Paulo, the City Hall approved the Bike SP"
Program in 2016Nlunicipal legislation , 2016), an innovative legislation aimed at en-
couraging cycling by granting mobility credits to individuals who use bicycles as a means
of transportation. The law speci es that these mobility credits will be given to the users
registered in the Bilhete Unico systémAdditionally, the law de nes encouraging the use
of cycling for commuting and promoting the integration of cycling with collective public
transportation as some of the goals of the policy.

However, the implementation of the Bike SP Program has been delayed due to the lack
of a regulatory decree that speci es practical aspects of the policy, such as the eligibility
criteria, the value of the bene t, the method of measuring cyclists' travel distances, etc.
In light of these challenges, and aiming to inform the development of the decree on a
scienti ¢ basis, the City Hall sought the assistance of the INCT InterSCity research group
a Brazilian research project that has been conducting various studies on cycling mobility
in urban environments. This capstone project is part of InterSCity, and it plays a central
role in ful lling this demand from the City Hall. The work was carried out in partnership
with cycle mobility experts and with the Technology, Innovation and Science department
of the Eindhoven University of Technology (TU/e).

1The Bilhete Unico is a card system that is used for payment on public transportation in S&o Paulo. It is
managed by SPTrans, the city's bus transportation authority, and can be used on buses, the metro, and
CPTM trains EPTrans 2023).

2 https://interscity.org/.



1| INTRODUCTION

Across all stages of the research, we adopt an interdisciplinary approach that combines
data science and econometric techniques with social science concepts on mobility data
justice and cycling cities. To ensure this interdisciplinarity, in addition to the primary
supervisor, professor Fabio Karthis work had the guidance of three other supervisors
from diverse elds: cycling activist Flavio Soaresnd social scientists professor Frauke
Behrendt and professor Ruth OldenzfelFurthermore, this research was supported by
the expertise of economist Tain& Souza PacHeow computer science professor Higor
Amério de Souza

1.2 Problem de nition

Financial incentives have been used to encourage cycling in other cities (see Chapter 3),
but mostly in European contexts and not on a large scale in a metropolis like S&o Paulo.
Due to this lack of previous information, the decision was made to provide scienti c
support for the public policy in S&o Paulo through the implementation of a pilot project.
This thesis focuses on designing and preparing for the execution of this pilot.

A pilot project is a small-scale experiment that can test the feasibility and e ectiveness
of an intervention before scaling it up to a larger populatioR€arson et al, 2020). The
choice of a pilot project as the means to guide the implementation of Bike SP is motivated
by the need for precise, real-world data. Traditional survey methods, while bene cial, often
fail to capture the complexity of actual behavior, as there can be a signi cant divergence
between what individuals claim they will do and what they actually d@{ndle-Thiele ,
2009). This discrepancy is particularly noticeable in this case, given the lack of precedents
for this policy in Sao Paulo.

In this context, a pilot project is a suitable methodological choice. The pilot will simulate
the actual policy by compensating participants for their cycling trips, thereby providing
data on how such a policy might perform in reality. Moreover, the generation of original
data in a controlled setting facilitates the evaluation of the impact of the policy as an
isolated variable. Thus, this approach enhances the validity of the ndings and provides a
robust foundation for future policy decisions.

Furthermore, the Bike SP program has the potential to integrate the social justice and
environmental agendas, by reducing the mobility costs of lower-income groups and in-
creasing fairness in transportation. Sustainable mobility policies and social justice agendas
may not always be aligned in their objectives and outcomesroutrive andCooper,

2020, p. 113). However, in the context of Bike SP, citizens can use the public transportation
credits that they earn by cycling to pay for their other trips (by bus, subway, or train).
This way, the policy can not only increase the mode share of cycling, but also enhance the

3 Professor of the Department of Computer Science at the University of S&o Paulo (USP).
4Researcher at Ciclocidade - Urban Cyclists Association of S&o Paulo.

5 Professor in Transitions to Sustainable Mobility at the Eindhoven University of Technology (TU/e).
6 Professor in The History of Technology at Eindhoven University of Technology (TU/e).

"PhD in applied economics at the Autonomous University of Barcelona (UAB).

8 Professor of the Department of Computing at the S&o Paulo State University (UNESP).
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equity of mobility in S&o Paulo.

Therefore, in designing the pilot project, this thesis needs to take into consideration that
a sustainable perspective on mobility requires not only an environmental dimension, but
also a social one that aims to eliminate existing disparitidsgkel 2017, p. 4298). It is not
su cient to provide mobility options or build cycling infrastructure, without considering
the factors that a ect people's mobility, such as their nancial and time constraints, their
geographical location, and their access to opportunitiBel, 2022, pp. 172 173).

Finally, the outcomes of cycling innovations, such as Bike SP, vary depending on the
maturity of the cycling environment (if cycling has a high or low share of the modal split)
(Nikolaeva et al, 2019). Consequently, the design of the pilot project should consider the
speci cities of Sdo Paulo and how it di ers from other contexts with similar policies that
reward cycling with nancial bene ts.






Chapter 2

Research design and methods

This chapter delineates the research design and methods that will be employed to guide
the future implementation of the policy. First, the primary objective of the research is
explained, followed by the methodology for designing and preparing the implementation
of the pilot project.

2.1 Objective

The main objective of this research is to design a pilot project that can generate relevant
information and insights for the future implementation of the policy. The intention is to
prepare all necessary elements for the pilot's execution and identify the key questions that
the analysis of the pilot project should address.

The execution of the Bike SP program as a public policy requires the answer to the
following questions, which we have formulated and will refer to as Implementation
Questions (IQ):

" 1Q1: How does the number of bicycle trips vary with di erent remuneration values?

" 1Q2: Which demographic and socioeconomic groups, and which geographic areas,
are most likely to bene t from the Bike SP program?

" 1Q3: What strategies can be employed to maximize the impact of Bike SP on improv-
ing the equity of mobility?

Therefore, this thesis focuses on designing and preparing the implementation of a
pilot project that can answer these three questions. The thesis does not encompass the
actual execution or evaluation of the pilot, which will be required in the future to provide
answers to these questions.

2.2 Methodology

Our research methodology consists of four steps: (1) literature review and data analysis
for the research foundation; (2) design of the pilot project; (3) formulation of questions and
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recommendations for post-implementation analysis; and (4) preparation of requirements
for the pilot's execution. Figure 2.1 shows a visual overview of the research design.

Financial Incen- Cveling in S&o Pauld < Mobility and Data
tives for Cycling yeling Justice literature

Ch. 3 Ch.5 Ch. 4
Design of the pilot _ | Recommendations fqr
project of Bike SP | the results analysis
1Q1, 1Q2 Ch. 6 1Q3 Ch.7
Preparation for Other poten-
implementation tials of Bike SP
Ch. 8 Ch.9

Figure 2.1: Visual overview of the research design with the corresponding chapters and the implemen-
tation questions they address. The arrows represent the interconnections among the components. Own
work.

2.2.1 Research foundation

The development of this research foundation is composed of three components. The
rstis an investigation on the applications and impacts of nancial incentives for cycling,
which is summarized in Chapter 3. The second component consists in a narrative literature
review on mobility and data justice (Chapter 4), which will inform the nal part on the
research foundation: a contextual analysis of the past and present conditions of cycling in
S&ao Paulo. This analysis is presented in Chapter 5.

2.2.2 Pilot project design

The second stage involves the conceptualization of the pilot project, ensuring it is
designed to address I1Q1 and 1Q2. Our methodology in this stage is inspired by the struc-
ture of a pre-analysis plan (PAP). A PAP is a predetermined strategy that outlines how
researchers will analyze data before they begin an impact evaluation, with the goal of
increasing the credibility of the research results PAL 2023). The pilot design is delineated
in Chapter 6.
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2.2.3 Recommendations for the pilot analysis

The third stage, presented in Chapter 7, involves identifying the questions that the
analysis of the pilot project should address and providing recommendations for implemen-
tation based on the ndings. With this purpose, the design developed in the second phase
will be analyzed from a social justice perspective and within the context of Sdo Paulo to
ensure that IQ3 is addressed.

2.2.4 Preparation for the pilot implementation

The fourth stage consists of preparing for the execution of the pilot project, and it was
conducted in parallel with some of the other stages. It includes obtaining the necessary
permissions and resources for the pilot project, and involves three components:

1. Ethical Approval: The pilot project has to be reviewed and approved by an ethical
committee, ensuring compliance with ethical standards and principles of research.

2. Mobile Application development: It is necessary to coordinate the development
of a mobile application for collecting data during the pilot.

3. Coordination with the City Hall:  For the pilot project to be carried out, all the
stages of the research must be aligned with the Sao Paulo Municipal Secretariat of
Mobility and Transit (SMT).

Chapter 8 details how we addressed each of these elements.

! Secretaria Municipal de Mobilidade e Transito, in Portuguese.






Chapter 3

Background on Financial
Incentives for Cycling

Financial incentives can be de ned as monetary or non-monetary rewards that are
conditioned on performing a speci ¢ behavior or achieving a certain outcoriel(a,
n.d.). They can in uence behavior by increasing its perceived bene ts or reducing its
perceived costs. In the literature, personal economic incentives have been demonstrated to
be successful in promoting several health-related behaviors, including smoking cessation,
weight loss, physical activity, and vaccinatiok&ne et al, 2004Mantzari et al, 2015;
Vlaev et al, 2019).

In the eld of mobility, travel subsidies for commuting to work via private vehicles or
public transportation are a widely adopted policy. Recently, some places have also started
to o er nancial incentives to encourage people to use bicycles as a mode of transportation.
To understand the context and e ectiveness of such incentives and potentially use this
background as a foundation for the development of the Bike SP program, we conducted a
literature review of existing policies and studies on this topic. First, this chapter presents a
review of these policies worldwide in Section 3.1. Then, it discusses some aspects of the
implementation of the policy in Sdo Paulo in Section 3.2.

3.1 Financial incentives for cycling worldwide

In order to identify the existing nancial incentives for cycling policies around the
world, we conducted a web search, using keywords such as nancial incentives for
cycling”, pay people to cycle", and allowance for cycling", both in English and Portuguese.
We found that several countries, mostly in Europe, have implemented di erent types
of nancial incentives for cycling, such as tax deductions, subsidies for the purchase of
bicycles, or payments per kilometer. In this section, we will provide an overview of some
of these policies, separated by country. Subsequently, at the end of the section, we will
draw some conclusions about how this analysis informs our research.



10

3 | BACKGROUND ON FINANCIAL INCENTIVES FOR CYCLING

3.1.1 Netherlands

The Netherlands is renowned as the most bike-friendly nation in the world, with 27%
of all trips made by bikeGovernment of the Netherlands , 2020). In addition to having
a large cycling network, with 35,000 km of cycle paths; compared to 140,000 km of road
network (Tennant , 2022), the country is a pioneer in various cycling policies, and has a
bicycle-centric decision-making strategy. Since 2006, employers have been encouraged to
o er their employees who commute by bike a tax-free mileage allowance of up @19
per kilometre Elton , 2023). The same allowance was already available to those travelling
to work by car in order to cover fuel expenses, and it was extended to cyclists.

3.1.2 Belgium

In Belgium, about 8% of all trips are made by bicyclé¢ World Geography , 2011).
Regarding nancial incentives, Belgium o ers a similar program to the Netherlands, paying
e 0.24 per cycled kilometer. Adoption is high; it is estimated that one in ve workers at
small and medium-sized businesses received a bicycle allowance in the rst half of 2022 in
Belgium (The Brussels Times with Belga , 2022).

3.1.3 France

The French Ministry of the Environment adopted an ambitious roadmap for sustainable
development a few years ag@@schetti , 2017). As a part of this endeavor, numerous
initiatives were conducted to promote a transition towards the utilization of bicycles.
One of the measures adopted was the introduction, in 2017, of a kilometer allowance for
commuters who choose to travel to work by bike. Individuals who use their personal
bicycles are compensated at a rateedd.25 per kilometer traveled, with a maximum annual
reimbursement ok 200 Boschetti , 2017).

Between 2014 and 2015, the government launched a pilot project of the program,
involving 18 private businesses employing a total of 10,000 people. In the rst six months
of the pilot, around 380 employees bene ted from this allowance, resulting in a 50%
increase in the proportion of employees using cycling as their mode of transportation.
This rose to 125% after a year. Following the pilot phase, implementation began in early
2016, and until the middle of 2017, 76 businesses with over 57,000 employees signed up for
participation Boschetti , 2017)

In addition to this policy, the French government o ers monetary incentives for the
purchase of bicycles. In 2022, the bonuses were raised to a maximum amoed0of for
conventional bicycles and 2000 for electric bicycles. The amount of subsidy provided is
subject to variation based on an individual's income level. The overall projected expenditure
for the extended plan amounts @5 million (The Local, 2022).

3.1.4 United Kingdom

In the United Kingdom, there is a scheme called salary sacri ce" that aims to encourage
the purchase of bicycles. This system allows employees to purchase bicycles through their
employers and pay for them from their gross salaries, thereby reducing their taxable
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income Pepartment for Transport, United Kingdom , 2019). Furthermore, employers
are encouraged to o er a mileage allowance of around ¢,0.20 per mile for employees who
use their bicycles for work-related traveSovernment of the United Kingdom , n.d.). In
2019, the Department of Transport issued a guidance document for employers to explain
the nancial incentives available for cycling to workXepartment for Transport,

United Kingdom , 2019).

3.1.5 ltaly

In Italy, the incentives vary depending on the area or province. For example, in Bari,
the capital city of southern Italy's Puglia region, cyclists commuting to work receive
e 0.21 for every kilometer they cycle to work (with a monthly maximum e25 a month)
(Chandler , 2020). Additionally, the Italian government provides mobility vouchers to
commuters for the purchase of a new bicyckelipn , 2023).

3.1.6 Brazil

In September 2021, the city of Itajai, Brazil, launched a program that o ers nancial
incentives for people who travel by bike, among other forms of sustainable transportation.
Itajai is a city in southeast Brazil with around 220,000 inhabitants, and was the rst (and
only one we found) city in Latin America to implement a system to award sustainable
mobility. The program aims to encourage residents to reduce greenhouse gas emissions by
choosing low-carbon modes of transportation, such as public transit, cycling, or walking,
and compensates them accordinglyify Hall of Itajai , 2021).

The program uses a mobile application called Movltajai”, which is based on a similar
Portuguese mobile application named AYRdnsport Decarbonisation Alliance
n.d.). The rewards are given in the form of a local digital currency speci cally designed for
the program and can be used within the network of registered local businesses and service
providers. The users receive one unit of this digital currency, which has an approximate
value between R$0.10 and R$0.15, for every 100 grams of greenhouse gas emissions that
they avoid. To qualify for the rewards, users have to register their trips on the Movltajai"
application City Hall of Itajai , 2021).

3.1.7 Conclusion

We conducted a review of the policies that o er nancial incentives for cycling in

di erent countries and identi ed a diversity of schemes that provide monetary rewards or
bene ts for cyclists. However, we also encountered a lack of empirical evidence on the
e ects of these policies on cycling behavior and outcomes. Most of the information we
obtained about these policies consisted of news articles that announced their implemen-
tation or anticipated their results, but there was a scarcity of reports that evaluated the
actual results, especially for the policies that involve a cycling allowance per kilometer.
A possible explanation for this gap is that most of the policies are decentralized and
implemented through private companies, while the government plays more of a facilitative
role by de ning the allowance and o ering tax subsidies for the companies. This makes it
challenging to isolate the impact of the nancial incentives from other factors that may
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in uence cycling, such as infrastructure or cultural factors. In addition, our review did not
identify any intervention that encourages cycling through o ering public transport credits,
which is the approach of Bike SP. Therefore, we draw the following conclusions:

1. More rigorous and systematic research on the e ects of nancial incentives for
cycling is needed, especially in the context of Sdo Paulo, which has a very di erent
social and environmental setting from the European countries, where the majority
of these policies are implemented.

2. A controlled experiment that can isolate the e ect of nancial incentives from other
confounding factors, and measure the changes in cycling behavior, would be advan-
tageous. This could provide valuable insights for policy makers and practitioners in
other contexts as well.

3. The potential of partnerships with private entities should be explored, as they appear
to be a common feature of many nancial incentives for cycling policies that we
identi ed. This could help to increase the scope and appeal of the incentives, as well
as to distribute the costs and responsibilities of the policy implementation. We will
elaborate on this in Section 9.3.

3.2 Financial incentives for cycling in Sao Paulo

As mentioned in Chapter 1, the Bike SP policy was approved in S&o Paulo in 2016,
stipulating the provision of nancial incentives for cycling in the city. As a motivation
for the program, the law project stated that the adoption of bicycles for transportation
purposes, as opposed to leisure activities, was low in the city, appointing the Bike SP
program as a way to foster a change of habit regarding cycling.

The preceding section indicated that many analogous cycling policies rely on partner-
ships with private entities to o er nancial incentives. In contrast, the Bike SP program
stipulates a more direct provision of the incentives by the government. This implies that
the policy demands more control and monitoring by the public authorities, as well as more
resources and technological infrastructure to implement it.

Centralizing the government as the provider of the incentives has several advantages,
such as producing data for public authorities to design cycling policies and increasing
the accessibility and equity of the scheme for the population, rather than restricting it for
employees of companies that would implement it. These aspects will be explored in more
detail in Chapter 9.

However, this format also poses signi cant challenges for its implementation. The
government needs to de ne the parameters of the policy, such as the eligibility criteria,
the payment rates, the veri cation methods, and the budget allocation. The policy may
also need to impose some restrictions or limitations on the public, to control the costs and
avoid misuse. These issues were not speci ed by the Bike SP law.

In this section, we will discuss some aspects of the policy that are relevant for our
research: (1) the use of public transportation credits as the form of compensation; (2) a
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study of the World Bank that involved Bike SP; and (3) our choice of remunerating people
per km in this research.

3.2.1 Incentives in the form of public transportation credits

The law that established Bike SP de ned that the payment for cyclists in the program
would be made in public transportation credits, through the Bilhete Unico systitar{ic-
ipal legislation , 2016). This section explores some of the possible motivations behind
this choice of remuneration format.

First, this decision might be a re ection of the city government's intention to incorpo-
rate cycling into the public transportation system. In 2018, a municipal law created StCLO
a cycling system for the city of Sdo Paulo, with the aim of regulating and promoting the
use of bicycles in the cityNlunicipal legislation , 2018). The law de ned SICLO as part
of the integrated system of collective urban transportation, and explicitly included the
Bike SP program as one of the components of SICLO. This recognition is part of an e ort to
promote bicycles as a means of transportation, not only as a recreational instrument, and
had already started in 2009, when the responsibility for the cycling agenda was transferred
from the Secretariat of Green and Environméng§VMA) to the Secretariat of Mobility
and Transit (SMT)l(emos 2021, pp. 182 183). Furthermore, by de ning SICLO as part of
the public transportation system, the law implies that cycling investments, such as the
Bike SP program, are considered part of public transportation subsidies. Paying cyclists
with public transportation credits in Bike SP reinforces this integration.

Second, this payment method is a way of stimulating the combination of cycling and
public transportation and the use of intermodality in the city. In fact, one of the objectives
of the law that created Bike SP was to encourage the intermodal use of bicydiesi¢ipal
legislation , 2016). By rewarding cyclists with credits that can be used for other modes of
transportation, such as buses, trains, and subways, the policy incentivizes users to combine
di erent modes. On the other hand, by using cycling and public transport together, users
can bene t from the advantages of both modes and overcome their limitations, such as the
limited spatial coverage of public transport (see Section 5.2.2) and the di culty of cycling
in hilly or unsafe areas. This can reduce the dependence on private cars in the city.

Third, this payment method is a way of avoiding the displacement of people from public
transportation. Public transportation is subsidized by the government, and sometimes
cycling is perceived as a competitor to public transportation. By paying cyclists with
public transportation credits, the policy prevents the potential loss of revenue for the
public transportation system. This can also be part of a strategy to increase access to
public transportation for a larger share of the population by subsidizing trips for those
who cycle.

Therefore, we argue that the adoption of public transportation credits as the payment
method for the Bike SP program is suitable within the S&o Paulo context.

! Sistema Cicloviario do Municipio de S&o Paulo, in Portuguese.
2 Secretaria do Verde e Meio Ambiente, in Portuguese.
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3.2.2 World Bank study involving Bike SP

Due to the challenges in assessing the impact of Bike SP as a public policy, the City
Hall of Sdo Paulo requested the World Bank to include the program as a variable in a
recent study that aimed to support bicycle planning in Sdo Pavl@(ld Bank , 2022).
This study is the only one that we are aware of that investigates the Bike SP program. This
section will review this study, its main ndings, and its relation to our research.

The World Bank conducted a eld survey in various regions of S&o Paulo and used
it to analyze the e ectiveness of several cycling policié8drid Bank , 2022, pp. 60 67).
The survey presented respondents with scenarios where they had to choose among three
alternatives: their current mode of transportation, a personal bicycle, or a shared bicycle.
The scenarios varied in several attributes, such as travel time, travel cost, availability
of cycling infrastructure, and remuneration for cycling. The survey also collected socio-
demographic and travel behavior data from the respondents.

The World Bank then applied multinomial logit models (MNL) to examine how the
attributes in uenced the mode choice of the respondents. MNL models are a type of discrete
choice model that estimates the probability of choosing a particular option from a set of
mutually exclusive alternatives, based on a linear combination of the observed features
and some problem-speci ¢ parameterSitien et al, 2016JUCLA, n.d.). They enable the
calculation of the marginal e ects and elasticities of each attribute on each alternative,
as well as of the odds ratios that compare the relative probabilities of choosing di erent
alternatives University of Virginia , 2020). MNL models are suitable for this context
because they allow the modeling of nominal outcomes with more than two categories,
such as mode choice.

The results of the World Bank study showed that the Bike SP attribute had a positive
and signi cant e ect on the choice of both bike sharing and personal bikes. They also
indicated that the respondents were more likely to choose these modes when they received
a higher remuneration in their scenario. In the survey, a trip with remuneration up to
R$2,00 increased the probability of choosing a bicycle over the current mode by 8.7%. On
the other hand, remuneration between R$2,00 and R$3,00 increased the probability by
38.4%. In comparison, the e ect of the presence of bicycle lanes was 43.4%. Moreover, the
study also suggested that the mode choice was in uenced by the socio-economic and
demographic pro les of the participants. Women exhibited a 16.4% lower probability of
opting for bicycles than men, and individuals belonging to lower socioeconomic classes
(C2, D, or BYdemonstrated a 67.2% higher probability of selecting bikes than those from
higher classesWorld Bank , 2022, pp. 65 66).

However, the study has some limitations that prevent us from drawing de nitive
conclusions about the Bike SP program. First, the survey was done with several other
policies simultaneously, with scenarios that included several other variables changing
along with the Bike SP, making it di cult to isolate the e ect of the remuneration. This
is possible from the mathematical point of view, through MNLs, but it is unclear how
the combination of the variations in more than one variable a ected the choice of the

3This class hierarchy follows the Critério Brasil". More details about this classi cation can be found in
Section 5.2.3.
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respondents. Second, the study was based on hypothetical scenarios, so it depends a lot on
the subjective perception of the respondents, which may not re ect their actual behavior
in real situations.

Furthermore, despite the positive ndings, this study provides limited guidance on how
to operationalize the policy in practice. To address this gap and to support the regulation
of the law, we are conducting a follow-up research that involves the implementation of a
pilot project, as explained in Chapter 1. The aim of our research is to generate more robust
evidence on the impacts of the Bike SP program and to o er practical recommendations
on how to design and regulate the policy e ectively.

3.2.3 Incentives based on distance traveled

The law does not prescribe a speci ¢ mechanism for determining the remuneration for
each cyclist, but rather allows for exibility in adjusting the remuneration according to
the characteristics of the participants and the mode of transportation they are substituting.
Furthermore, it establishes that the credits could be contingent on a minimum distance
requirement and could be subject to a maximum limit per trip.

In this context, the design of the remuneration scheme involves various alternatives,
such as establishing a xed amount per trip or a variable rate depending on the mode of
transportation replaced by cycling. However, in our research, we opted for considering a
remuneration scheme based on the distance traveled, with a xed amount per km. This
scheme will be constrained by some factors and variations, which will be elaborated in
Chapter 6.

The rationale for this decision is as follows:

1. This scheme is consistent with other cycling initiatives, as reviewed in Section 3.1.
For example, the initiative in Itajai (the only one found in Latin America) also
remunerates per kilometer. Similarly, the World Bank study on Bike SP also assumed
a remuneration based on the distance, with the scenarios considering either a re-
muneration of R$0.30 or R$0.40 per km. This information was obtained through an
interview with the developers involved in the study.

2. This scheme rewards the participants for the distance they saved by using cycling
instead of other modes of transportation. This facilitates an analysis of the impacts
on air pollution, tra c, and health. Moreover, it incentivizes the participants to
travel longer distances and thus spend more time cycling.

Additionally, we do not di erentiate the remuneration according to the pro les of the
participants for the pilot project. One of our objectives during the pilot, as stated by 1Q2, is
to understand the variation of the remuneration impact according to the pro le. To achieve
this, we xed the remuneration for a certain period for a group with a diverse sample to
allow for the measurement of the di erence in the impact for di erent pro les. This can
inform future variations in the policy implementation according to the participant pro le.
Further details on this design will be provided in Chapter 6.






Chapter 4

Literature review on Mobility and
Data Justice

Sustainable mobility policies can inadvertently lead to social disparities. Measures
such as imposing taxes or restrictions on polluting vehicles and providing subsidies for
green transportation modes may disproportionately burden lower income groups, while
advantaging middle and upper classé&outrive andCooper, 2020, p. 113). In light of
this, a more comprehensive approach to policy development is needed, that considers the
complex interplay between sustainable mobility initiatives and social justice. To achieve
social sustainability in transportation, it is not enough to promote environmentally friendly
modes of transport, but also to challenge and transform the dominant paradigms of mobility
in society Jeekel 2017, p. 4303).

Furthermore, for cycling initiatives to be converted for all of society in an equitable
way, it is necessary to situate bike usage within a broader justice framewGd (b et al,
2016, p. 2). With this purpose, this chapter reviews literature on social justice, with a focus
on cycling and elements closely related to the Bike SP policy. Two main concepts emerge
as relevant: Mobility Justice (Section 4.1) and Data Justice (Section 4.2). In the intersection
of these two concepts lies the framework of Mobility Data JustiBelirendt andSheller ,
2023), which will be explored in Section 4.3. Table 4.1 shows an overview of the papers
used in this literature review.

4.1 Mobility Justice

The research area that investigates the intersection of justice and transportation has
two main branches: Transportation Justice and Mobility Justice. These branches have
become more connected in recent yeax&(linghieri and Schwanen, 2020). In this
section, we rst examine literature on transportation justice. Then, we broaden our scope
to the concept of mobility justiceheller , 2018), which will be adopted for the rest of
this work.

17
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Reference Title Focus

(Bek, 2022) No Bicycle, No Bus, No Job: Mobility
The Making of Workers Justice

(Jeekel 2017) Social Sustainability and Smart Mobility: Mobility
Exploring the Relationship Justice

(Karner et al, 2020) From Transportation Equity to Transporta-Mobility
tion Justice: Within, Through, and BeyondJustice
the State

(Martens , 2006) Basing Transport Planning on Principles oMobility
Social Justice Justice

(Oldenziel andAlbertde  Contested Spaces: Bicycle Lanes in Urban Bdobility

la Bruheze, 2011) rope, 1900-1995 Justice
(Golub et al, 2016) Creating an Inclusionary Bicycle JusticeMobility
Movement - Introduction Justice
(Sheller , 2018) Mobility Justice Mobility
Justice
(Vanoutrive andCooper, How Just is Transport Justice: Mobility
2020) The Issues of Paternalism and Production Justice
(Verlinghieri andSchwa- Transport and mobility justice: Mobility
nen, 2020) Evolving discussions Justice
(Dencik and Sanchez- Data justice Data jus-
Monedero, 2022) tice

(Nikolaeva etal, 2019)  Smart Cycling Futures: Charting a New terData jus-
rain and Moving towards a Research Agenddice

(Taylor , 2017) What Is Data Justice? The Case for Connedbata jus-
ing Digital Rights and Freedoms Globally tice
(Behrendt and Sheller , Mobility data justice Mobility
2023) Data
Justice
(Williams , 2023) Data cation of Cycling: tensions between cy-Mobility
cling policy and mobility justice Data
Justice

Table 4.1: Summary of references used from the Mobility and Data Justice literature.

4.1.1 Transportation Justice

In the literature, transportation planning often adopts two distinct framings: trans-
portation equity and transportation justicearner etal, 2020, p. 3). Transportation equity
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focuses on quantitative analyses that show how the bene ts and burdens of transportation
policies and projects are distributed, while transportation justice goes beyond that and
considers the underlying structures and processes that produce and reproduce inequalities
in transportation Karner et al, 2020, pp. 3 5). Moreover, transportation justice recognizes
its target populations not just as users categorized by their mode of transportation, but
as groups marked by their historical marginalization based on factors such as race or
socioeconomic status3olub et al, 2016, p. 8). In this perspective, justice is not only about
allocating public resources across demographic groups in a non-discriminatory manner,
but also about ensuring adequate levels of accessibility for all individuals under most
circumstances\(anoutrive andCooper, 2020, p. 117).

Current transportation policies, which are mainly conducted by state actors, tend
to adopt a transportation equity perspective, focusing on technical xes and ways to
achieve quantitative equity by incorporating new metrics and indicators that better
capture equity or distributional issuesk@rner et al, 2020, p. 6). This reformist" ap-
proach, however, often results in minor changes, without addressing the power relations
and well-being of disadvantaged populationsainer et al, 2020, p. 3). Furthermore,
traditional transportation planning strategies are largely driven by projections of future
increases in transportation demand among population groups that are already highly
mobile (Vanoutrive andCooper, 2020, p. 113). In contrast, a transformational approach
towards transportation justice emphasizes a community-based approach and prioritizes
the needs of historically marginalized groupsgrner et al, 2020, pp. 3 6). In the context
of cycling, this representation and empowerment are essential for an emancipatory bicycle
justice movement@olub et al, 2016, p. 9).

One of the challenges that transportation justice theory faces is how to avoid paternal-
ism, which occurs when an institution assumes that it knows better than the individuals
what is in their best interest, and thus imposes its decisions on them without their consent
or participation (Vanoutrive and Cooper, 2020, p. 114). Another challenge is how to
account for the production aspect of society, which recognizes that nothing can be created
by a single individual, but rather by a system of cooperative labdgar{outrive and
Cooper, 2020, p. 114 115).

Additionally, the transportation justice literature criticizes the use of cost-bene t anal-
ysis and performance-based planning, and suggests need-based modeling as a substitute
(Martens , 2006 Vanoutrive andCooper, 2020). It is argued that performance-based
planning can provide false certainty especially when it comes to novel metiesiier
et al, 2020, p. 9). Also, while the de nition of a priori standards of what is considered
inequity is considered best practice in transportation planning, it is not ideal to adopt a
transportation justice approactK@arner et al, 2020, p. 10).

To address these issues, some scholars have proposed a society-centric approach to
transportation planning, which emphasizes the engagement of the community in the
decision-making proces&arner et al, 2020, pp. 7 9). This approach can take various
forms, such as participatory budgeting, where citizens have a say in how a portion of
the public budget is allocated for transportation project&afner et al, 2020, p. 12 13),
or community-led analysis, where community leaders collaborate with planners and
academics in collecting and analyzing data and designing the outcoasér et al,
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2020, p. 13).

Therefore, the leadership role of the community in bicycle development is crucial,
rather than merely being a participant in initiatives introduced by external entiti€o{ub
et al, 2016, p. 15). However, since the state plays a signi cant role in transportation
planning and nancing, the adoption of hybrid approaches that combine state and society-
centric elements seems to be the most promising way forwafdrger et al, 2020,
pp. 18 19).

4.1.2 Mobility Justice

The book Mobility Justice: The Politics of Movement in an Age of Extremé&sid]ler ,
2018) argues for the adoption of a mobility justice perspective, which encompasses not
only the transportation issues of people, but also the movement of goods, resources, and
information across di erent spatial scaled/érlinghieri and Schwanen, 2020). This
concept implies that mobility is a complex and multifaceted phenomenon that requires a
holistic approach to understand and address its challenges.

One of these challenges is the promotion of urban bicycle use, which is often reduced to
the construction of bicycle lanes without considering the broader cycling cultupédéen-
ziel andAlbert de la Bruheze , 2011, p. 30). However, to achieve a signi cant increase
in the mode share of cycling and reach the critical mass", the building of cycle paths
should be accompanied by other policies such as the provision of bike parking facilities,
the limitation of vehicle speed, and the involvement of various social groupisiénziel
andAlbert de la Bruheze , 2011, pp. 30-42). Otherwise, the segregated bike lanes may
remain underutilized due to the lack of a comprehensive understanding of the historical
and current context of cycling@Ildenziel andAlbert de la Bruheze , 2011, p. 42).

Another challenge is the individualization of the daily commute, which has been preva-
lent since the 1970s and places the responsibility of mobility on the workers, regardless of
their proximity to their jobs or their access to mobility option$gk, 2022, p. 172). This
individualistic discourse contrasts with the current reality of mobility, where the upper
and middle classes tend to be highly mobile, while the lower classes often face the scarcity
or high costs of transportation, and have to endure longer travel tim@sk, 2022, p. 10).

For this reasonBek (2022) advocates for a broader view of mobility, as something that is
connected to other aspects of the individual's life and that concerns the collective.

Furthermore, a mobility justice perspective on cycling initiatives also raises the issue of
how bicycle investments are linked to urban renewal processes that lead to gentri cation
(Golub et al, 2016, pp. 3 4). A study in U.S. inner cities revealed that the increase of
cycling culture in the researched areas was structurally associated with the removal of
low-income residents@olub et al, 2016, p. 4). Furthermore, urban data collection often
favors central areas over peripheral ones, thus biasing investments toward commuters
who are already privileged&olub et al, 2016, p. 5).

Thus, a bicycle justice practice that is inclusive and socially fair should address the
current unequal distribution of bicycle investment&0lub et al, 2016, p. 3). In developing
bicycle policies, we need to re ect on the extent to which they expand or restrict the scope
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of individuals who bene t from prior investments, with regards to factors such as race,
socioeconomic status, gender, and nationali@o{ub et al, 2016, p. 7).

4.2 Data Justice

The concept of data justice emerges at the intersection of data cation and societal
equity, questioning how data generation, collection, and utilization a ect di erent groups
and individuals in societyDencik and Sanchez-Monedero, 2022). This critical perspec-
tive is motivated by the growing availability and in uence of data in the decision-making
process, and the potential risks of data-driven discriminatidaylor , 2017). Based on a
literature review, this section identi es and discusses some of the key concerns of data
justice. They are:

1. How to ensure fair representation of diverse groups in data? An essential
aspect of data justice is the visibility and representation of di erent segments of the
population in the data. Data-driven decisions may be in uenced by the assumptions
and norms embedded in the data collection and analysis processes, which may favor
the dominant groups as the normal” and penalize those who deviate fromay/(or ,

2017, p. 5). Therefore, a data justice policy should not assume an average person, but
rather consider how to address the needs and interests of marginalized and vulnerable
groups (faylor , 2017, p. 10).

2. Howto account for the collective dimensions of data? Data justice recognizes that
data injustice not only occur at an individual level but also increasingly at a collective
level (Taylor , 2017, p. 4). In fact, emerging data technologies often operate on the basis
of group attributes rather than individual oneg@ylor , 2017, p. 8). Socioeconomic
status, gender, ethnicity and place of origin are some of the variables that impact how
the data is used by policymaker$dylor , 2017, p. 2). Furthermore, the intersectionality
of these factors can amplify the issues of exclusion or discrimination for some parts of
the population. The risk of facing exclusion multiplies with the number of relevant
categories that one belongs tddylor , 2017, p. 3). Thus, a data justice approach should
look beyond the individual level by, for example, incorporating the family context
when analyzing an individualTaylor , 2017, p. 8).

3. How to adapt data justice to di erent contexts and cultures?  Data justice is
a context-dependent concept. Di erent regions and countries may have di erent
de nitions and expectations of what is jusfl@ylor , 2017, p. 13). Therefore, a data
justice de nition should be adaptable to the di erent needs and expectations of various
local contexts, avoiding imposing a universal or standardized framework.

4. How to distinguish between voluntary and involuntary data collection? In
contemporary data cation, there is no clear separation between when the individual
is aware that his data is being collected or nd@gf/lor , 2017, p. 3). In this context, a
challenge is the con ict between the right of an individual to have privacy over their
own data and the argument that the state, based on principles of the social contract,
should have a claim over people's data to use it for the bene t of the collectiva/lor ,
2017, pp. 7-10). This also raises the question of who can be seen in these data collection
processes.Taylor , 2017, p. 3).
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5. How to ensure the continuous improvement of data-driven programs?  Finally,
when using large-scale models to inform policies, it becomes convenient to just con-
tinue using the same system that is already in use and working, without testing for its
accuracy over time or recalibrating iffeylor , 2017, p. 6). Data justice requires that
data-driven programs are constantly evaluated and updated based on feedback from
stakeholders, in order to retain their principles of fairness and justice.

Data justice, therefore, requires a discerning and ethical approach to the data cation
of cycling. Currently, cycling remains a largely unmonitored form of transportation. There
is a lack of systematic data gathering for privately owned bicycles, and no means to trace
individual trips as can be done with driving, public transit, or air travélikolaeva et al,
2019, p. 8). However, smart cycling innovations can change this situation. Indeed, some
cycling applications are already positioning data collection as a supplementary feature
that can provide policymakers with information on cyclists and their journeys. While
cyclists use the application for their primary function, data collection occurs subtly in the
background likolaeva et al, 2019, p. 8).

In the context of data justice, although these innovations may contribute to the advance-
ment and promotion of cycling, they also present challenges regarding the way to balance
the bene ts of data cation with the potential risks of privacy invasion, surveillance, and
discrimination. For example, the social justice implications of using Strava Metro cycling
data in transport planning have recently been highlighted bWilliams , 2023.

4.3 Mobility Data Justice

In a recent work, Behrendt and Sheller developed a comprehensive framework for
mobility data justice, which aims to inform the intersection of data and mobility from a
social justice perspectiviBghrendt andSheller , 2023). The framework consists of three
dimensions of mobility data justice: distributive, procedural, and epistemic.

Distributive: The distributive element focuses on the distribution of bene ts and
burdens related to mobility and data. It questions who has access to mobility services and
data resources, who bene ts from them, and who bears the costs or risks. It also considers
how these distributions re ect and reinforce social inequalitigsghrendt and Sheller ,
2023, pp. 12 13).

Procedural: The procedural element concerns the processes and mechanisms of
decision-making in mobility and data practices. It examines who has the power to make
decisions, who is included or excluded from these processes, and how these decisions are
made. It also assesses the transparency and fairness of these methods and the role of data
and algorithms in themBehrendt andSheller , 2023, p. 13).

Epistemic: The epistemic element deals with the production of knowledge in mobility
and data practices. It explores who has the right to produce knowledge, whose knowledge is
recognized or dismissed, and how this knowledge is used. It also investigates the epistemic
biases, assumptions, and exclusions in mobility and data practi®elsrendt andSheller ,

L https://metro.strava.com/
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2023, p. 13).

Figure 4.1 summarizes the components of the framework. These three elements, to-
gether with the literature in Mobility and Data Justice, will guide our social justice analysis
of the pilot project and inform the design of the pilot to answer the third implementation
question (1Q3).

Mobility Data Justice Framework

Distributive Procedural Epistemic
how mobility and who participates what counts as ‘data’
data are accessed, in the decision and knowledge in
accumulated and making ... relevant relation to mobility"
distributed in for the intersection of
(un)equal ways" mobility and data”

Figure 4.1: Visual overview of the Mobility Data Justice developed by Behrendt and Sheller. De nitions
are quoted fronBehrendt andSheller (2023, pp. 12 13).

4.4 Conclusion

The literature on mobility data justice, as reviewed in this chapter, has revealed that a
just cycling policy design requires a broader perspective on urban mobility. It is essential
to examine how various factors, such as gender, age, and social class, in uence the travel
patterns of the population, particularly their bicycle trips. Moreover, a spatial analysis is
needed to detect potential issues of bicycle gentri cation in the city. These analyses are
conducted in Chapter 5.

Finally, the literature, combined with the pilot's design presented in Chapter 6, can
provide some insights and recommendations for the future implementation and evaluation
of the pilot project. These recommendations will be discussed in Chapter 7.






Chapter 5

Analysis of cycling in Sao Paulo

In order to design a pilot project that is aligned with the needs of the city, it is essential
to understand the setting in which the Bike SP program will be implemented. After
discussing nancial incentives and social justice as the rst two foundational elements
of this research, we now proceed to the third and nal element. This chapter presents an
analysis of the historical and current situation of cycling in S&o Paulo, which will reveal
the existing challenges and opportunities for encouraging cycling as a sustainable and
inclusive mode of transportation in the city.

To enrich the analysis, we will also draw some comparisons with the Netherlands,
which is widely recognized as a benchmark in cycling culture and infrastructu@®|(
n.d.). It should be noted that the comparison is only to provide a reference point of a
bicycle-friendly context, and not to imply that the two places are comparable in terms of
population, area, or landscape.

Section 5.1 presents the data and the methodology used, followed by the analysis in
Section 5.2.

5.1 Data sources and methods

In our study, we used two distinct datasets. The Origin and Destination Survey" was
the primary source of data for S&do Paulo, and the Research on Travel in the Netherlands"
provided the dataset for examining the Dutch context. Unless otherwise speci ed, all
the analysis and data in this chapter are based on these two databases and are our own
work.

5.1.1 S&o Paulo Origin and Destination Survey

The S&o Paulo Origin and Destination Survey (®i3)the greatest urban mobility
survey in Brazil, and investigates the travel pattern in the Sdo Paulo Metropolitan Area
(SPMA). The survey is conducted every 10 years since 1967 by the Sdo Paulo Metropolitan

! Pesquisa Origem e Destiimits original name in Portuguese.
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Company (Metrd) and its last complete version was made in 20M&(ré Sao Paulo ,
2023). The survey collects data on the modes of transportation, origins, and destinations
of the trips, as well as the socioeconomic and demographic characteristics of the travelers
and the purpose of the trips.

The 2017 edition involved more than 150 thousand people in the 39 municipalities that
comprise the Sdo Paulo Metropolitan Region. The data collection consists of interviews
carried out in households, highways, airports, and bus terminals. The sample was designed
using statistical techniques to obtain a reliable estimate of all the trips made in the region
(Metr6é Sao Paulo , 2019, p. 13). To extrapolate the results to the entire population, the
survey provides expansion factors for the trips and individuals interviewed. Table 5.1
shows the database column and the expansion factor considered for each variable examined
in this study.

The databases of the surveys conducted from 1977 to 2017 can be found in the Trans-
parency Portal of the Metr6 comparyThe analyses for Sdo Paulo presented in this work
were made using these data.

Variable Column considered | Expansion factor
Mode share TIPVG Trip
Age IDADE Person
Social Class CRITERIOBR Person
Bike ownership QT _BICICLE Person

Table 5.1: The database columns and the corresponding expansion factors utilized in this study for
each variable in the analysis of the OD 2017.

In addition, the OD survey delineates Origin and Destination Zones" (OD zones). These
zones are determined prior to the data collection and characterize areas with comparable
urban conditions in terms of infrastructure, population, and environmehtgtré Sao
Paulo, 2019, p. 33). Our spatial analysis in Section 5.2.2 uses these zones as a reference for
dividing the city.

5.1.2 Research on Travel in the Netherlands

The Research on Travel in the Netherlands (OVIiN) is a survey that investigates the
travel behavior of the Dutch population. It was initiated in 2010 and carried out annually
until 2017. The data collection method involves either an online questionnaire, a telephone
interview, or a face-to-face interview at the respondent's residence. The 2017 edition of
the OVIN survey had a sample size of 37,016 respondé&tesifaal Bureau voor de
Statistiek , 2017). Similarly to the OD survey, OVIiN also provides expansion factors for
the trips and individuals interviewed.

In 2018, the OVIN survey was replaced by the Dutch National Travel survey (ODIN),
which introduced some changes in the data collection methodolaggr(traal Bureau

2 https://www.metro.sp.gov.br/
3 https://transparencia.metrosp.com.br/dataset/pesquisa-origem-e-destino
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voor de Statistiek , 2023). The latest available data from the ODIiN survey is from 2022.
However, for the purpose of this study, we opted to use the OVIiN survey data from 2017,
as it corresponds to the same year of the most recent data from S&o Paulo (OD 2017).

The data source for the OViN 2017 survey was obtained from the Statistics Netherlands
institution (CBS), and it's accessible through the DANS (Data Archiving and Networked
Services) websife

5.1.3 Technologies

The data analysis conducted in this chapter was performed using the Python pro-
gramming language. To isolate functionalities and facilitate their reuse, the code was
modularized and structured into classes according to the principles of object-oriented
programming.

Inside the Python domain, we employed some well-known libraries for data science,
including Panda3for data manipulation, Seabofrand Matplotlit’ for data visualization,
Numpy? for array-processing, and Geopanddsr geoprocessing. Additionally, we applied
some modules of the BikeScience tool to generate the maps for the spatial analysis presented
in Section 5.2.2. BikeScience is an open-source tool to analyze cycling mobility, developed
within the InterSCity project. The modules we used from this tool rely on the Foltim
library for map plotting.

The data analysis was executed using Jupyter notebooks, structures that facilitate
interactive data analysis and allow for the combination of computer code with text elements.
Also, Python scripts were developed to invoke the data treatment modules.

The GitHub platform was used for code versioning during the entire development
process. The repository for this project can be foundhdips://github.com/anayflima/
bikesp-analysi¥.. Finally, the TikZ packag® was used to generate the graphic elements
of this chapter in ATpX.

5.2 Cycling in Sao Paulo

According to an estimation from the OD 2017 survey, 42 million trips were made daily
within the S&o Paulo Metropolitan Area in 2017. Out of these, approximately 23.9 million
trips occurred within the city of Sdo Paulo (i.e., both the origin and destination of the trip

4 https://ssh.datastations.nl/dataset.xhtml?persistentld=doi:10.17026/dans-xxt-9d28
5 https://pandas.pydata.org

6 https://seaborn.pydata.org

"https://matplotlib.org

8 https://numpy.org

9 https://geopandas.org
Ohttps://python-visualization.github.io/folium
1 This repository also includes the code used for Section 6.4.
https://ctan.org/pkg/tikz-page
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were in the city). This study focuses on the intra-city trips, as they are the main target of
the Bike SP program.

Figure 5.1 shows the mode share of trips within the city of Sao Paulo for the years 2007
and 2017. Public buses, trains, and subways are grouped under the public transportation
class, while private cars are in the car group. Bicycle and on foot trips each have their
own segment. The remaining modes, such as taxis, motorcycles, chartered buses, school
transport, etc., are classi ed under the "Other' category.

The comparison between 2007 and 2017 does not show a signi cant change in the
modal distribution. It is interesting to notice that the categories of public transportation,
car, and on foot have similar percentages, i.e., are quite balanced between each other. On
the other hand, cycling accounted for only 0.9% of all trips in S&o Paulo in 2017. Although
there was an increase compared to 2007, when this number was 0.6%, this gure indicates
the still low use of bikes as a mode of transportation in the city, and it is far below the
potential demand for cycling estimated at 17% by a recent stldgi(e et al, 2023). This
study introduced a novel Cycling Potential Index (CPI) that evaluates the cyclability of
trips based on the distance and slope level of the route, applying their index to the trips
collected by the OD 2017 survey to estimate the proportion of trips in S&do Paulo that have
a high cycling potential.

m Car B Public Transportationm Bicycle 3 On foot [ Other

27.6%

24.5%

34.2%
33.0%

°.8% 8.3%

0
0.6% 0.9%

33.0% 32.1%
(a) 2007 (b) 2017

Figure 5.1: Modal distribution of the trips made in the city of S&o Paulo in 2007 and 2017, based on
data from the Origin and Destination Survey. Own work.

Next, we will examine cycling in S&o Paulo from ve main perspectives: (1) history, (2)
cycling infrastructure, (3) cyclist pro les, (4) bike ownership, and (5) multimodality.

5.2.1 History

Cycling policies and practices in Sdo Paulo have evolved through a multifaceted inter-
play of governmental policies, private sector initiatives, activism, and societal transforma-
tions. This section provides a historical and political overview of this process, highlighting
the role of each actor, the main challenges and opportunities they faced, and the implica-
tions for urban mobility and sustainability in the city. The section draws mainly on the
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work of Lemos(2021), supplemented by the contributionsélatesta (2014) and the
S&o Paulo Cycling Federatibh(Federacéo Paulista de Ciclismo , 2020).

Based on the work of Lemos, we will divide the history of cycling in S&o Paulo into
four main periods: (1) the emergence of cycling as a counter-hegemonic agenda until the
1980s; (2) the institutionalization of cycling within the state apparatus in the 1990s; (3)
the resurgence of cycling activism and the environmentalist agenda in the 2000s; and (4)
the expansion of cycling infrastructure and services in the 2010s. Each phase re ects the
changing dynamics and interactions among di erent actors, as well as the shifting political
and social contexts that in uenced the cycling policies and practices in the city. Figure 5.2
shows the mode share from 1977 to 2017, based on the ODB%data

’ B carB Public Transportatiofd Bicyclel] On footl Other ‘

10
25
1;995315
1;26Q0738
20
[0}
2 696872 685576 7,680108
% 7:138604
‘«QT 15 859632 6,605614 6096954 204502
= 4129582 138163
© 124 41,139 52372
3 10 37549 7134682 8180736
£ 6027319 |1 5697506
< 6317863
5
5:31Q134 5:546029 5969915 5873490
3734155 ¢
1977 1987 1997 2007 2017

Year

Figure 5.2: Mode share of transportation in the city of S&o Paulo through the years. Own work based
on the databases from OD 1977 until OD 2017.

The rst period began with the introduction of bicycles in the last decade of the 19th
century (Federacéao Paulista de Ciclismo , 2020). Unlike Europe, where bicycles were
already a common mode of transportation before the advent of cars, Brazil experienced
the arrival of both modes of transport around the same time. Moreover, this period was
marked by rapid urban growth, driven by the widespread adoption of the automobile.
This distinctive circumstance, coupled with a strong in uence from car-centric policies
in the United States, shaped the urban development and transport planning of Sado Paulo,

BFederacao Paulista de Ciclismo, in its original name in Portuguese.
14The OD survey started at 1967, but the rst version did not collect information about bicydlesnos 2021)
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favoring private cars over public transport and non-motorized modes. The attempts to
build cycling infrastructure were thwarted for being perceived as an obstacle to the optimal
speed of automobile tra ¢ {emos 2021, p. 21). In the 1970s and 1980s, pressure from the
global context of the Qil Crisis and the 1972 United Nations Conference on the Human
Environment in Stockholm resulted in the formulation of the rst cycling plans for the
city and the construction of the rst cycle path. Furthermore, Brazil was experiencing
a re-democratization process after two decades of military dictatorship, resulting in the
increase of the participation of civil society in the decision proceséfeida, 2014).

In this scenario, some cycling enthusiasts started to challenge the dominant regime of
automobility and demand more space and recognition for bicycles in the city. However,
as Lemos states €mos 2021, pp. 33 55), both public authorities and cycling activists
prioritized the promotion of cycling as a recreational or sportive practice rather than as a
transportation alternative.

The second period was characterized by the incorporation of cycling into the state
structure, as a result of increased awareness of the environmentalist agenda in Brazil,
fostered by the 1992 UN Conference on Environment and Development in Rio de Janeiro,
Brazil (RIO-92)l(emos 2021, pp. 59 60). In 1994, a working group hamed Cyclist Project
was created within the Secretariat of Green and Environment. This group, composed of
public o cials and activists, devised and executed cycling policies in Sdo Paulo, such as
the development of a cycling network, the provision of bike racks, and the encouragement
of cycling education and cultureMalatesta , 2014, p. 27). These e orts were still limited
and fragmented, facing opposition from other segments of the government and society,
but according to Lemod.emos 2021, pp. 88 89), they were crucial for paving the way for
the progress of the cycling agenda in the subsequent period.

The third period witnessed a revival and consolidation of cycling activism and a
new wave of environmentalism in Sdo Paulo. In the early 2000s, inspired by the global
movement of Critical Mass, a group of cyclists started to organize monthly bike rides, the
so-called Bicicletadas, to reclaim the streets for bicycles and other forms of sustainable
mobility (Lemos 2021, pp. 94 101). They also engaged in creative actions such as installing
bike racks and signs without o cial permission, painting bike icons on the asphalt, and
distributing yers to drivers with messages about cycling bene ts and rights. The internet
and social media facilitated communication with other cyclists and citizens, as well as the
organization and documentation of the activitiesgmos 2021, pp. 102 116). Nevertheless,
despite the empowerment of the cycling agenda inside the state and in civil society and
the approval of cycling policies in the legislation, they were not implemented during this
period (Lemos 2021, p. 132).

The fourth period was marked by a substantial expansion of cycling infrastructure
and services in Sao Paulo. In the 2010s, both the state and private companies started to
incorporate bicycles as an element of propaganda, supporting bike-sharing systems and
operational leisure bike lanes. émos 2021, pp. 139 177). From 2013, a shift in societal
and governmental attitudes towards cycling is evidenced by the administration of Mayor
Fernando Haddad, which invested heavily in the construction of bike paths. Unlike pre-
vious policies that focused on building bike paths in parks and leisure areas, Haddad's
administration implemented a policy of removing car parking spaces on the streets, along
with the implementation of programs to reduce car speeds on marginal roadsn0s



31

5.2 | CYCLING IN SAO PAULO

2021, pp. 221 263). This not only physically transformed the urban landscape but also
symbolically challenged the dominance of automobiles in urban mobility. However, this
investment in cycling policy was associated with Haddad's political party, and encountered
opposition and criticism from car drivers, business owners, and media outletsps 2021,
pp.248-263, 276 284). When the administration changed to a mayor from another party
(Joéo Doria), he began to reverse measures that had been implemented, based on values
of freedom, speed, and power associated with caesi{os 2021, pp. 316 357). Despite
these setbacks, the succeeding mayor, from the same political party as Doria, maintained
e orts made by Haddad, approving a cycling plan and further expanding the cycle path
network. Sequentially, the 2020 elections also demonstrated a change in the context of
cycling policy: all the main candidates for mayor included cycling in their plahsifios

2021, pp. 386 387). This indicates that cycling has become a mainstream issue in urban
politics, transcending party lines and individual administrations.

The history of cycling in S&o Paulo shows that cycling is not only a mode of transport,
but also a political and social practice that involves multiple actors, interests, and con icts,
and it is a ected by the broader historical and political context of the city and the country.
Cycling policies and practices have an impact on the distribution of space, resources, and
power among di erent transport modes and users. Moreover, these policies also re ect
and challenge the dominant regime of automobility, which has been hegemonic in Sao
Paulo for decades, but has been contested and transformed by various forms of resistance
and innovation. As Lemos states, bicycles have transitioned from being a niche mode of
transport in Sao Paulo to becoming an integral part of urban mobilltgihos 2021, p. 398),
signaling a potential paradigm shift in how we conceive and organize urban spaces.

5.2.2 Cycling Infrastructure
Cycle paths

In the past decade, S&o Paulo's City Hall has made substantial investments in the
development of cycling infrastructure. Prior to 2007, the city had only 5.8 km of cycle
paths. However, from 2008 to 2016, approximately 500 km of cycle paths were constructed
(S&o Paulo's City Hall , 2020). Since 2016, more than 200 km have been added, and the
City Hall aims to build another 300 km by 2026 { SP2021). Despite these e orts, the
slight increase in the cycling share from 2007 to 2017 indicates that infrastructure alone is
insu cient to signi cantly increase the role of bicycles in the city, and that complementary
strategies are required to encourage people to cycle.

The spatial distribution of the cycling network in the city is displayed in Figure 5.3a
using a heatmap. The map reveals that the city's cycling infrastructure is unevenly
distributed, with a higher concentration in the central areas. The peripheral areas, in the
north, south, and east, lack cycling infrastructure altogether. Moreover, the cycle paths are
poorly connected, especially outside of the expanded center.

The cycling network can also be contrasted with the public transportation modes

15Heatmaps are graphical representations that visually display data by assigning di erent colors to represent
ranges of values. In a heatmap, a higher intensity of a value is usually represented by a darker or warmer"
color Optimizely, n.d.).
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(a) Cycling network (b) Bus network

(c) Subway network (d) Train network

Figure 5.3: Heatmaps showing the distribution of the mobility infrastructure across the city. The map
of Sdo Paulo is into the OD zones. Own work. The data sources were astoligwd:[a]) provided
the data for cyclingCEM(2017) for bus, andET(n.d.[b]) for subway and train.
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available in the city. As shown in Figure 5.3b, the bus lines cover a large portion of Sao
Paulo. However, some peripheral areas, especially in the south, have a scarcity of bus lines.
On the other hand, the subway lines, as shown in Figure 5.3c, are mostly limited to the
center of the city, while the train network (Figure 5.3d) extends further to some regions in
the east and to the surrounding areas outside the city, but it still leaves many areas of the
city unconnected.

The comparison between the spatial distribution of cycling infrastructure and public
transportation suggests that many people who do not own cars rely on buses to move
around the city, and that the combination of trains or subways with buses is likely to
be a common strategy to achieve faster and longer trips. In this context, cycling could
be a viable alternative to replace a part of the trip, especially the one covered by buses.
However, this requires an improvement in the connectivity and accessibility of cycling
infrastructure in the city, especially in the peripheral areas.

This unequal spatial distribution of mobility in the city is not simply a geographical
phenomenon, but also a social issue. This is evidenced by Figure 5.4, which displays the
total percentage of upper classes (A, B1, and'BR)the trips for each OD zone.

The map was generated using the OD 2017 database, which was used to estimate the
share of each social class in the trips for each zone, considering all modes of transportation.
The trip expansion factor described in 5.1.1 was applied to the trips to obtain representative
values. The sum of the percentages of classes A, B1, and B2 for each zone was then computed
and plotted on the map.

Trips that had either their origin or destination in a particular zone were regarded
as belonging to that zone. To avoid double counting trips that had di erent origins and
destinations, trips that started and ended in the same zone were also duplicated, so that
all trips had equal weight. Furthermore, six OD zones were excluded from the analysis,
as they had less than ve trips and thus were not reliable sources of information. These
zones are marked in gray on the map. The number of trips in the remaining zones ranges
from 38 to 2494 trips, with a mean of 631.8 trips.

The map reveals a notable disparity in trip patterns between central and peripheral
regions. The central areas have a high density of trips made by upper classes, and as we
move to peripheral areas, the percentage of lower classes increases. The magnitude of this
variation is very large, going from 10.3% to 89.7%. This pattern, when compared with the
availability of public transportation and cycling infrastructure, indicates a concerning sce-
nario: individuals from lower classes, who typically rely more on public transportation or
more a ordable modes of transportation like cycling, are disproportionately disadvantaged
in the allocation of infrastructure investments.

Parking

In 2018, the municipal government of S&o Paulo approved a legislative measure that
requires the establishment of secure parking facilities for bicycles at all train and subway

18This class hierarchy follows the Critério Brasil". More details about this classi cation can be found in
Section 5.2.3.
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Figure 5.4: Proportion of classes A, B1, and B2 in the trips originating or ending in each zone. Own
work based on the OD 2017 database.

stations, as well as bus terminal®i(nicipal legislation , 2018). Then, in 2021, the
SMT, in collaboration with Ciclocidadg formulated a public bid for the bus stations,
outlining speci ¢ requirements for the parking facilities of new or renovated stations.
These requirements include a minimum of 50 spaces, appropriate lighting, ventilation,
comfort, accessibility, surveillance, and security. Additionally, the bid mandates that these
facilities must be implemented within a timeframe of 180 days following the approval
of the project by the relevant public authority. Also, it recommends the installation of

7Ciclocidade is a Sdo Paulo non-pro t organization aimed at encouraging cycling as a mode of transportation
in the city (Ciclocidade , 2023).
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changing rooms in close proximity to the parking facilitieS&o Paulo's City Hall , 2021,

pp. 36 37). This bid is a long-term measure that a ects only new or renovated stations,
but it represents a signi cant advancement for the bicycle parking infrastructure of Séo
Paulo.

5.2.3 Cyclists Pro le

There is an interesting pattern in the demographic pro le of cyclists across diferent
countries: in bike-friendly places, cycling is a widespread activity among all demographic
groups, including a large number of women, children, and seniors. In contrast, in car-
oriented cities with low levels of cycling, most cyclists are young to middle-aged men.
These demographic di erences are especially noticeable in utilitarian cycling, compared
to trips made for recreational purposeB(cher andBuehler, 2012, p. 211).

This section examines the pro le of cyclists in S&o Paulo. As we will see, cycling in S&o
Paulo is not an inclusive and population-wide activity, but rather concentrated in speci c
characteristics, especially regarding gender and age.

Gender

Despite women representing around 51.2% of the total trips of the city of Sado Paulo,
they just account for 9.8% of all bike trips, according to OD 2017. Several theories were
proposed to explain this gender gap, such as activity preference or a greater concern for
personal safety. However, these factors may not fully explain the disparity between bike
usage by men and women, as we do not observe this striking di erence in cities with
a more bicycle-friendly environment{ucher andBuehler, 2012, pp. 212 229). In fact,
some have argued that gender equity in cycling can be a good indicator of the cyclability
of a certain region Baker, 2009). In the Netherlands, for example, women accounted for
52% of the cyclists in 2017, according to OViN 2017.

A study conducted by Ciclocidad€{clocidade , 2016) revealed that this gender gap
varies signi cantly across di erent regions of the city. Their study involved interviewing
people who cycled in the city, and had 1804 respondents. The interviewers were instructed
to prioritize approaching women, in order to obtain a representative pro le of bicycle
use in S&o Paulo. Nevertheless, women comprised only 14% of the responses. In central
areas, which correspond to a uent neighborhoods and where cycling infrastructure tends
to be better, women represented 23% of all bike trips. In contrast, in peripheral areas,
this number decreased to 9%. It should be noted that this study adopted a purposive
sampling strategy to obtain a larger proportion of female respondents, thus the mode share
results are not representative of the general population and deviate from the percentages
reported by the OD 2017 survey. Nevertheless, the observed disparities between central
and peripheral areas underscore the importance of improving the conditions for cycling
in order to enhance gender equality among cyclists.

Age

In a similar way to what happens with gender, bike-friendly environments tend to
have a more balanced distribution of cyclists among all ages, with a higher number of



5| ANALYSIS OF CYCLING IN SAO PAULO

children and seniors cyclingjucher andBuehler , 2012, p. 211). The age distribution of
cyclists in Sdo Paulo and in the Netherlands, shown in Figures 5.5a and 5.5b respectively,
illustrates this contrast.

Age of cyclists
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Figure 5.5: Histograms depict the distribution of age groups (in intervals of 5 years) among bicycle
users in the city of Sdo Paulo and in the Netherlands in 2017. Own work based on the OD 2017 database
for Sdo Paulo and in the OViN 2017 for the Netherlands.

The majority of cyclists in S&o Paulo (52.8%) belong to the 20-40 age group, while the
cyclists in the Netherlands are more evenly distributed across all age groups, with only
22.3% in the same category. Moreover, the Netherlands has a higher proportion of cyclists
in the younger (less than 15 years) and older (more than 60 years) age groups, which
account for 23% and 19% of all cyclists, respectively. In contrast, Sdo Paulo has only 6.1% of
cyclists under 15 years old and 2.7% over 60 years old. These ndings suggest that the age
distribution of cyclists in S&o Paulo is not determined by physical limitations, but rather
by cultural and safety factors that discourage cycling among certain age groups.
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Social class

The OD survey also includes the socio-economic classi cation of the respondents. This
variable is derived from the Critério Brasit®, a scoring system that assigns households
to di erent socio-economic strata based on the possession of certain consumer goods and
the educational level of the household head. The scoring system classi es the households
into ve socio-economic strata, ranging from A (the highest class) to E (the lowest class).
Figure 5.6 shows the proportion of each socio-economic stratum in the trips within the
city of Sao Paulo.

Figure 5.6: Distribution of social classes among the intra-city travellers in S&do Paulo in 2017. Own
work based on the OD 2017 database.

Figure 5.7 depicts the mode share for each socio-economic class. The chart indicates
that the mode share distribution varies signi cantly by social class. Individual motorized
vehicles represent more than half of the trips made by class A, and this mode share
diminishes for the subsequent classes. In contrast, walking and public transportation
modes are more prevalent among the lower classes. For the most disadvantaged class
(D-E), these two modes represent 87.8% of all trips.

Bicycle trips constitute the lowest share of trips in all classes, but they exhibit a peculiar
pattern across the income classes, with the largest percentages observed in the lowest
(1.8%) and in the highest class (1.2%). This gure may re ect di erent factors in uencing
the choice of cycling for each class. For the upper classes, the availability of better cycling
infrastructure in the central (and wealthier) areas may encourage them to use bikes as a
mode of transportation. Moreover, the upper classes tend to travel shorter distances to
their work or school destinations, which makes bike trips more convenient. On the other
hand, lower classes may opt for cycling due to the low cost associated with this mode of
transportation.

Bhttps://www.abep.org/criterio-brasil
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Figure 5.7: Mode share separated by social class in the city of Sdo Paulo in 2017. Own work based on
the OD 2017 database.

5.2.4 Bike ownership

The city of Sdo Paulo has a large number of bicycles that are not used for daily
transportation. Despite having a large bicycle eet of approximately 1.6 million units,
estimated by the Multiplicidade mobility research institdfg(G1 SP2021), Sdo Paulo
exhibits a low cycling mode share of only 0.9%, equivalent to about 200,000 daily trips, as
indicated in Figure 5.2. This suggests that there is a signi cant opportunity to promote
bicycle usage in everyday travel. Furthermore, an analysis of the OD 2017 Survey, which
also examined bicycle ownership among households, reveals that an estimated 33.4% of
the households in the city have access to at least one bicycle.

5.2.5 Multimodality

This section presents an analysis of multimodal cycling trips in S&do Paulo, which are
trips that combine cycling with other modes of transport. The analysis is based on the
OD 2017 survey, which has a small sample size of 29 multimodal cycling trips, limiting
the statistical signi cance and the external validity of the ndings. Therefore, the results
should be interpreted with caution and not be generalized to the cycling population in
the city. Instead, these results should be regarded as indicative of certain patterns and

Bnstituto de Pesquisa Multiplicidade Mobilidade Urbana (IPMMU), in its original name in Portuguese
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preferences among multimodal cyclists.

The ndings indicate that the majority of the multimodal trips (24 out of 29) involved
cycling and one other mode of transport, while the remaining ve trips involved cycling
and two other modes of transport. As illustrated in Figure 5.8, the subway was the most
common mode to complement cycling, followed by the bus and the train. This implies that
public transport can be an important facilitator for cycling trips. However, the proportion
of multimodal cycling trips in the city is very low, representing only 3.5% of the total
cycling trips in the OD 2017 survey. This suggests that there are several barriers and
challenges that discourage cyclists from integrating their bikes with public transport,
such as the lack of bike parking facilities and the security issues within stations and
terminals.

Subway | | | 21

Train | 75

Bus | | | 6

Car | [ ]2

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Figure 5.8: Modes of transportation combined with cycling trips in S&o Paulo, according to the OD
2017 survey. The chart shows the frequency of each mode of transportation used along with cycling
in the same trip. Trips that combined more than one mode with cycling were counted for each mode
(multiple counting). Own work.

5.3 Conclusions of the analysis and implications for
the pilot design

In this section, we summarize the main ndings of our analysis of cycling in Sdo Paulo
and discuss how they inform the design of the pilot project of Bike SP.

Gender: Our analysis revealed that women are signi cantly less likely to cycle than
men in Sao Paulo, which suggests a need to stimulate women's participation in the pilot
project. However, this also raises the question of why women are not cycling in the city and
what barriers and challenges they face. Therefore, the pilot project should include a gender-
sensitive approach to ensure that both genders are represented in the sample. Moreover, it
would be bene cial for the pilot project to collect qualitative data to understand gender
di erences in preferences and di culties regarding cycling.

Age: Our analysis revealed that there is a signi cant gap in the cycling participation of
younger age groups in Sao Paulo, compared to bike-friendly places. Since the pilot project,
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due to legal and practical constraints, will be limited to people who are 18 years or older,
this factor will not be fully addressed. However, a possible strategy to attract younger age
groups is to include students (especially from university, given the age restriction) in the
selection, in addition to commuters who travel to work.

Social class and spatial distribution: Our analysis indicated that lower social classes
tend to travel longer distances and live in areas with less access to cycling infrastructure
and public transportation, especially subways. These factors may discourage or prevent
them from cycling in the city. Therefore, the pilot project should be careful not to bias
its choice of participants to higher classes, as they may already have more favorable
conditions and incentives to cycle. Instead, the pilot project should aim for a representative
spatial distribution across the city, since there is a relationship between the location of
trips (central or peripheral) and the socio-economic status of the travelers.

Bike ownership : Our analysis revealed a low utilization rate of the existing bicycle
eet in Sdo Paulo. This suggests that it would be reasonable for the pilot project to target
people who already have cycling skills and access to a bicycle, either owned or shared.
Speci ¢ programs for providing bikes to the participants could be recommendations for
future implementations of the policy, especially considering the spatial distribution of
social classes and cycling infrastructure in the city.

Having established the context of cycling in Sdo Paulo, we can now formulate the Bike
SP pilot project in accordance with the city's speci ¢ needs.



Chapter 6

Pilot project design

The previous chapters have discussed the analytical and theoretical foundations that
guided the development of a pilot project design for the Bike SP program. This chapter
elaborates on this design in detail.

The pilot project was conceived as a three-phase process: dissemination and enroll-
ment, selection of participants, and travel recording. The subsequent sections explain the
procedures and criteria devised for each phase. Moreover, we clarify how this design will
be used to address the implementation questions formulated in Section 2.1. After these
three phases of the pilot project are completed, an analysis of the results will be performed,
and based on the ndings, a public policy proposal will be developed. A timeline of these
phases can be seen in Figure 6.1.

MONTHS:

Dissemination and en
rollment

Participants
selection

Validation trip and

second call I:l

Travel Recording | |
Results analysis angd

public policy proposa I:

Figure 6.1: Timeline with the duration of each stage of the pilot project. The duration of the results
analysis has not been determined yet.

.
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6.1 Dissemination and enrollment

The pilot project will be o cially announced by the city hall through various media
outlets and platforms. The main goal is to reach a diverse and representative sample of
people who are interested in participating in the research, in order to address 1Q2 and
follow principles of social justice. The Municipal Secretariat of Mobility and Transit (SMT)
will lead the dissemination campaign, with the support of InterSCity and groups of cyclists
and cycle activists.

The media release that we prepared and that will be used to advertise the pilot project
is available in Appendix AThe media release contains the essential information about
the pilot project, such as its objectives, features, and eligibility criteria. The media release
also provides the necessary instructions and guidance for those who want to apply to
participate in the program.

To be eligible for the pilot project, the interested people will have to meet the following
criteria: be adults, residents of the city of S&o Paulo, have active cards from the Bilhete
Unico system in their name, have a smartphone with access to internet, and intend to make
utilitarian trips by bicycle within the territory of the municipality during the duration of
the research.

The registration period for the pilot project will last for one month, starting from the
date of the o cial announcement by the city hall. During this period, the interested people
will have to Il out an online questionnaire that will ask about their socioeconomic and
demographic pro le and their current travel patterns.

This online registration form is a key instrument for collecting data from the interested
people and selecting the participants for the pilot project. We formulated the sections
and questions of the questionnaire in a way to allow for the selection of the participants,
which will be detailed in Section 6.2, and to use it as an input for the analysis of the pilot
project in di erent pro les of the population. The registration form has the following
sections:

Socioeconomic and demographic pro le: This section collects data such as age,
gender, income, education, and occupation. This information will allow us to understand
the characteristics and diversity of the potential participants, and to balance the selection
criteria across various social groups.

Current travel patterns: This section inquires about the transport modes that the
interested people typically use for their utilitarian trips. The responses provide insight
into their current travel behavior and preferences, and help estimate the potential for a
modal shift to bicycle usage.

Origins and destinations for utilitarian trips by bicycle: This section requires
individuals to pre-register the locations of their residence, workplace, educational institu-
tion, and other frequent destinations for which they intend to make utilitarian trips by
bicycle during the pilot project. They are also asked to indicate, if possible, the approximate

LAll the documents in the appendices of this capstone project are in Portuguese, since they were prepared
for the S&o Paulo context.
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proportion of cycle paths along their routes. This data will allow mapping the spatial
distribution and demand of potential participants, as well as prioritizing those whose
routes are safer and more feasible for cycling.

Informed Consent Form: This section presents the Informed Consent Form (Té)LE
explaining the pilot project's objectives, procedures, risks, bene ts, rights, and respon-
sibilities. The interested people must read and agree to the TCLE before submitting the
guestionnaire. The TCLE also informs them that their bicycle trips will be recorded and
analyzed for research purposes only, and that their personal data will be protected and
anonymized. The TCLE is a mandatory document required by the Ethics Committee for
conducting a research experiment involving human subjects. The submission of this pilot
project to the Ethics Committee and its approval will be discussed in Section 8.1.

The comprehensive set of registration questions is presented in Appendix B, and the
TCLE is in Appendix C. The online version of the questionnaire, which will be used by
participants, is available dittp://bit.ly/bikesp-cadastro The questionnaire was structured
and made accessible online using the LimeSurvey%ool

6.2 Participants selection

After receiving the registrations from the interested people, a selection process will be
carried out to choose approximately 800 participants for the pilot project. This number
was chosen based on the budget and on the calculation of the sample size required to
achieve statistical signi cance in the analysis of the pilot project. This calculation and the
budget for the pilot project will be detailed in Sections 6.4 and 6.5, respectively.

The selection for the pilot will be based on the following factors (the data for all these
criteria is obtained from the registration questionnaire):

Gender: Women represent only 10% of cyclists in Sdo Paulo, according to the analysis
presented in Section 5.2.3. To ensure a more representative sample, they will be prioritized
during the selection process. This approach will facilitate an investigation of the gender
di erences in the factors in uencing the choice and utilization of bicycles.

Social Class: The social class of the participants will be diversi ed to some degree to
enable the examination of behavioral variation across di erent classes. However, lower
classes will be given priority, as they are more likely to bene tfrom the nancial incentives.
This criteria has the purpose of increasing the impact of Bike SP on the equity of mobility,
and it was based on the analysis of the travel pattern di erences between social classes in
Séo Paulo provided in Section 5.2.3.

Mode of Transport: Another element to take into account will be the mode of
transportation the participants are currently using to travel the intended routes. The
goal is to include participants who are not current cyclists but who are interested in
cycling because of the program. We will try to balance participants who will switch from
di erent modes of transport, such as cars, public transport, walking, etc. This will enable

2Termo de Consentimento Livre e Esclarecido (TCLE), in Portuguese.
3 https://www.limesurvey.org/
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the comparison of the e ects of nancial incentives on the travel behavior of users coming
from di erent modes.

Residence Location: In order to ensure a balanced distribution of the pilot program
across the city, the residences of participants and the destinations of their daily commutes
will be considered. This decision is in uenced by 1Q2, which questions whether future
policy implementation should target a speci c city region to optimize results. This criterion
allows for an exploration of how bicycle usage and mobility perceptions di er between
residents of the city's peripheral and central areas. The spatial analysis of trips in Sao
Paulo, which informed this decision, is detailed in Section 5.2.2.

Occupation: The occupation of the participants will also be considered to ensure a
diverse sample of the pilot program. The participants will be selected from both students
and workers, who have di erent schedules and mobility needs.

Route Characteristics: Finally, priority will be given to people whose estimated
routes between their origins and destinations contain cycling infrastructure (bike paths or
bike lanes) or less intense tra ¢ roads, such as collector or local roads. These criteria are
intended to minimize the risk of accidents and increase the safety of the participants.

The selection process will take place over a duration of one week. Subsequently, the
selected people will be noti ed by email and asked to download and install a mobile
application developed by InterSCity on their smartphones. The app will be used to record
and upload the bicycle trips made by the participants during the pilot project. Information
about how we coordinated the development of this mobile application is presented in
Section 8.2.

To con rm their participation, the selected people will have to register on the app
and make a validation trip using it, within two weeks after receiving the noti cation. The
validation trip will con rm their interest in the pilot and test the app's functionality on
their devices. It can be made using any mode and between any valid origin and destifiation
Those who do not make the validation trip within the deadline will be excluded from the
pilot project, and their spots will be transferred to other people on a waiting list. The
waiting list will be composed of those who meet the eligibility criteria but are not initially
selected due to quota limitations. Once they complete the validation trip, the participants
will secure their place in the pilot project until its end, regardless of how many trips they
register afterwards.

The participants will also have access to a free online course called Pedal Safely"
taught by the Tra ¢ Training and Education Center (CETET) of the Tra ¢ Engineering
Company (CET). The course will provide tips and guidance on how to ride a bicycle safely
in urban environments. The participants will receive a credit bonus for completing the
course. The purpose of both prioritizing people whose registered routes are safer and
encouraging participation in the course is to minimize the possibility of accidents among
participants in the pilot project.

40Only the locations that are speci ed in the registration forms will be considered as valid origins and
destinations in the pilot. See Section 6.3.2 for further details.

5 http://www.cetsp.com.br/consultas/educacao/cursos/condutores/pedalar-com-segurancalaspac-
cessed on 03/12/2023.
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6.3 Travel Recording

6.3.1 Overview

The pilot project aims to simulate the implementation of Bike SP in a controlled
experiment. During the period that we call Travel Recording”, participants will use our
mobile app to register their daily trips by bicycle and receive public transportation credits
for them. The data collected from the app will be used for further analysis of the impacts
and outcomes of the policy. Figure 6.2 shows an operational diagram of this phase. The
bonus will be granted per kilometer traveled in the form of credits inserted directly into
the Bilhete Unico cards of the participants.

Figure 6.2: Schematic representation of the pilot project's implementation procedure. The mobile
image contains a real screenshot of the application developed by our research group for the pilot. Own
work.

The rstimplementation question (IQ1) requires understanding the price elasticity of
the program. In other words, the experiment seeks to determine the optimal amount of
bonus per kilometer cycled that would balance the bene ts for the recipients (increasing
bicycle use) and the costs for the public authority (minimizing overpayment). To answer
this question, the experiment addresses the following sub-questions:

" Sub-question 1 (SQ1): How does the number of trips vary between the groups of
people who receive di erent levels of nancial incentives and those who receive
none, within the same time period?

" Sub-question 2 (SQ2): How does the number of trips change for the same individual
when the level of nancial incentive varies throughout the program?

To answer SQ1, the experiment requires a control group that does not receive any
nancial incentive for cycling, and at least two experimental groups that receive di erent
amounts of mobility credits for each kilometer cycled, both greater than zero. This design
allows comparing the e ects of di erent incentive levels on the cycling behavior of the
participants.

To answer SQ2, the experiment requires that the level of mobility credits per kilometer
changes for the same individual at di erent stages of the program. This design allows
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observing the behavioral responses of the participants to the changes in the incentive
level.

By answering these sub-questions, the experiment will be able to address 1Q1, which
will allow for the evaluation of the impact of the cyclist bonus on modal shift and provide
a basis for the optimal remuneration value for subsequent phases of implementing the
Bike SP program.

We will employ a research design inspired in a randomized controlled trial (RCT) for
the pilot project. An RCT is an experimental design that randomly assigns participants to
either a treatment group (which receives the intervention) or a control group (which does
not receive the intervention). This design is typically used in scenarios where researchers
aim to determine the e ectiveness of a new treatment or intervention by comparing it
with a control group or existing standard treatmentBliide et al, 2018). By comparing
the outcomes of the two groups, we can estimate the causal e ect of the intervention on
the outcome of interest.

To implement this design, a scheduling system" will be used in the pilot project. The
experiment will be divided into three periods of 2 months each, totaling 6 months. In the
rst period, the participants will be randomly assigned to one of three groups: (1) control
group, which receives no nancial incentive for cycling, (2) low incentive group, which
will receive R$ 0.275 (equivalent g@ of a public transportation ticket) for each kilometer
traveled by bicycle; and (3) high incentive group, which will be granted a higher amount
of mobility credits for each kilometer (R$ 0.55, érof a public transportation ticket).
The amounts that each group receives will change at the beginning of every two-month
period. The change in remuneration will be mentioned in the registration form and will
also be noti ed to the participant at the time of the change during the execution of the
program.

In our analysis, we operate under the assumption that the actions of individuals in one
time frame have a direct impact on their actions in subsequent time frames. This implies
that the second period cannot be examined in isolation, but rather must be viewed in
conjunction with the rst period. That is, we have to compare the pairs [Remuneration
at the rst period, Remuneration at the second period]. Similarly, the conclusions from
the third period must look at the sequence of remunerations in all the three periods.
Furthermore, the seasonal variation of each period may a ect the travel behavior of the
participants. For instance, a month with higher precipitation levels may have fewer trips.
To control for this confounding factor, we will only compare the participants who belong
to the same period.

Table 6.1 illustrates the di erent remunerations per group and period. The following
subsections will detail the comparisons and answers we want to take from the groups in
each period.

First period

From the rst period, we will do a comparative analysis between the groups to derive
insights relevant to SQ1. The comparisons are structured as follows:

C1. Baseline (Nothing) vs. Low Value ($): This comparison seeks to comprehend
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Group 1st period 2nd period 3th period
Control Nothing $ Nothing
Nothing $
Experimental 1| $ $ $
$$ Nothing
Nothing $
Experimental 2| $$ $ Nothing
$$ $$

C2.

Cs.

Table 6.1: Remuneration distribution during the three periods of the pilot project.

the elasticity and the di erence between a state of receiving no value and a state
of receiving a low value.

Baseline vs. High Value ($$): Similar to the rst comparison, this analysis aims
to understand the elasticity and the di erence between a state of receiving no
value and a state of receiving a high value.

Low Value vs. High Value: This comparison is designed to calculate the average
elasticity, which is de ned as the variation in the number of trips in response to

price variation. This analysis will provide a quantitative measure of how sensitive
the number of trips is to changes in value.

Through these comparisons, we aim to explore the extent to which remuneration can
motivate individuals to overcome inertia and shift their transportation habits towards cy-
cling. Also, we want to understand the role that di erent incentive levels play in promoting
this modal shift.

Second period

Starting from the second period, we aim to address SQ2, while also furthering our
understanding of SQ1. To achieve this, we will conduct the following comparative analy-

Ses.

C4.

CsS.

Nothing-$ vs. $-$: This comparison is related to SQ2 and aims to estimate the
willingness of individuals to participate in the program after a waiting period.
The outcomes will be compared with those of C1 to quantify the “impatience'
metric, which represents the likelihood of individuals opting to participate in the
program and earn a small amount of money after waiting, rather than abandoning
the program altogether.

$-$ vs. $3$-$$:This comparison, related to SQ1, will be used to calculate the
average elasticity. The results will be compared with those of C3 to gain a more
nuanced understanding of the elasticity.
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C6. $-$ vs. $-$$:This comparison, related to SQ2, seeks to determine whether an
increase in payment midway through the program will lead to an increase in
cycling activity.

C7. $$-$% vs. $3$-$:This comparison, also related to SQ2, investigates whether a
decrease in payment midway through the program will result in a decrease in
cycling activity.

C8. $-$ vs. $-Nothing: This comparison is intended to show the impact of terminat-
ing the remuneration after a certain period. The goal is to determine whether
individuals have adopted the habit of cycling and will persist even in the absence
of remuneration. It is associated with SQ2.

C9. $3-$% vs. $$-Nothing: Similarly to C9, this comparison explores the e ects of
ending pay after a set time, but with a higher initial value.

Through these comparisons, we aim to further our understanding of the behavioral
patterns of individuals in response to various payment structures within the program. The
results of C8 and C9 will be compared to see if the e ect of stopping the payment varies
according to whether the individuals used to receive a greater or lower remuneration
value per km.

Third period

The primary analyses and comparisons are conducted in the rst and second period.
The third period has two main objectives: First, to retain the participants in the pilot,
especially those who receive no remuneration in the second period. The anticipation of a
third period is necessary to obtain better data in the second period. Second, the third period
allows for potential adjustments in the remuneration values and transitions, depending on
the outcomes of the rst two periods and the necessity of additional analyses.

Furthermore, the third period provides the following analysis:

C10. $-3-$ vs. $3-$$-$$:This comparison will be used to further calculate the average
elasticity. The results will be compared with those of C3 and C5 to gain a deeper
understanding of the elasticity.

6.3.2 Remuneration Constraints

In the context of the pilot project, remuneration will be provided to participants based
on speci c criteria related to their bicycle trips. These guidelines have been established to
ensure a fair and equitable distribution of remuneration among the participants, while
also encouraging consistent use of bicycles for transportation. The following conditions
apply:

1. Trip Validation: Only bicycle trips that are made between pre-registered origins
and destinations will be considered for remuneration. These trips must be recorded
and validated by the Bike SP mobile app. This constraint is designed to encourage
utilitarian trips and regular use of bicycles, and to simplify the analysis of the e ect
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of remuneration on the number of trips. Participants will be encouraged to register
their usual places of study or work during the registration phase.

2. Distance Calculation: The remuneration calculation will take into account trips
with a minimum distance of 1 km and a maximum distance of 8 km. Trips exceeding
this distance will be considered as an 8 km trip for remuneration, while trips that do
not meet the minimum distance requirement will not be eligible for remuneration.
The distance used for these calculations and for determining the remuneration
amount will not be the actual distance traveled by the participant, but rather a pre-
determined distance between the origin and destination points that the participant
has registered. This approach simpli es the development of the mobile application
and prevents participants from arti cially in ating their remuneration by taking
unnecessarily long routes. However, it should be noted that the actual routes taken by
participants will be recorded and analyzed to base improvements for the subsequent
phases of the policy.

3. Trip Limit: A maximum of two trips per day will be remunerated for each participant.
In the event that a participant makes more than two trips in a day, only the rst two
trips will be considered for remuneration. This constraint helps to ensure that the
pilot remains within budget while covering the majority of people who make one
trip to go to and from their destination or an intermediate station.

Weekend trips will be treated the same as any other trip and are subject to the same
distance and trip limit criteria, allowing for the inclusion of weekend workers or stu-
dents.

6.3.3 Qualitative Data Collection

The main source of quantitative data for this study is the number of trips registered by
the participants in the app. This data allows us to measure the frequency and distance of
cycling trips, as well as the remuneration received by each participant. However, this data
source is subject to some limitations, such as:

" Unregistered Trips : Participants may not register all their trips in the app. This is
especially likely among those who do not receive remuneration and, therefore, have
no direct incentive to log their journeys.

" External Factors : Participants may stop cycling due to reasons unrelated to the
program.

To address these limitations, we will supplement the quantitative data with qualitative
data obtained from questionnaires that will be administered to the participants at the end
of each 2-month period.

Moreover, this approach will enable the collection of data about the experiences of
cyclists in Sdo Paulo. Since the main target of the pilot project are new users of bikes as
their mode of transportation, their input could be instrumental in guiding policy makers
in making cycling more attractive in S&o Paulo. This strategy aligns with the epistemic
dimension of the mobility data justice framework discussed in Section 4.3, which supports
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the inclusion of qualitative data as a form of knowledge, in addition to quantitative data.
Therefore, the following additional topics will be examined in these surveys:

" Cycling Experience : The motivations, the type of bike used (whether owned,
shared, or borrowed), and any problems encountered during cycling.

" Route Selection: The factors that participants consider most important when
choosing their route.

" Cycling Infrastructure : The feedback on the cycling infrastructure encountered
during their journeys.

Appendix D contains the complete list of questions that we formulated for the question-
naire. To encourage participants to respond, we will o er an additional bonus equivalent
to the value of ve public transport tickets for each completed questionnaire. This bonus
will be independent of the remuneration received for the cycling trips, and will be available
for all participants, regardless of whether they registered any trips or not. This way, we
aim to avoid any interference of this bonus with the participants' travel decisions, which
should ideally only be in uenced by the remuneration value per km of each period.

This strategy also serves to motivate individuals to persist in the experiment, especially
those who are allocated to the control group and do not receive any compensation at the
beginning.

The pilot program will conclude with the completion of the last questionnaire, which
will be administered after the nal 2-month period.

6.3.4 Monitoring and Adapting the Incentive Scheme

The project design allows for exibility in the allocation of groups and incentives in
case of unforeseen deviations from the expected outcomes in the rst or second phase.
This is to ensure the feasibility of the project within the budget constraints and the validity
of the statistical analysis. The deviations will be detected by a weekly monitoring of the
actual values versus the expected values.

The main corrective measure will be to modify the incentive scheme for the third phase,
since the more important analyses and conclusions are concentrated in the rst two phases.
Therefore, if the number of trips exceeds our budgetary expectations, we can reduce the
remuneration value in the nal phase. Conversely, if the number of trips falls short of our
estimates, we can increase the per kilometer remuneration value in the third phase. This
will also serve as a basis for the incentive value for the policy implementation.

6.4 Statistical power analysis

One of the main objectives of the pilot project is to examine the behavioral e ects
of nancial incentives on the number of trips registered in the app by the participants
(1Q2). We hypothesize that the participants who receive higher remuneration will make
more trips using the app than those who receive lower or no remuneration. To test this
hypothesis, we need to ensure that the sample size of the pilot project is large enough
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to detect a statistically signi cant di erence between the treatment groups, if such a
di erence exists.

As mentioned in Section 6.2, the sample size of 800 participants was initially determined
by considering the budgetary and logistical constraints of the study. To assess the adequacy
of this sample size for addressing 1Q2, a post-hoc power analysis was conducted. A power
analysis is a statistical method that allows researchers to estimate the minimum sample
size needed for a study. A post-hoc power analysis involves calculating the power based
on the sample size and other parameters of the study, rather than specifying the desired
power and deriving the required sample sidesfith , 2007). This approach is suitable when
the sample size is already xed by practical factors, as in our case.

Therefore, the aim of the power analysis was to determine the adequacy of the sample
size (approximately 800 participants) for detecting the e ect of the remuneration with a
high statistical power (commonly 0.8 or higher). A high power implies a high probability
of nding a signi cant di erence between the groups, given that one exists, and a low
probability of committing a type Il error, which is failing to reject the null hypothesis of
no di erence between the groups when it is false.

The power analysis for this study was performed using Python, and the code is available
at the link https://github.com/anayflima/bikesp-analysis/tree/main/power_analysts
power analysis consists of four main elemenBr¢wnlee , 2018):

1. Statistical power: The likelihood of detecting a speci ¢ e ect in the population, if it
exists.

2. Sample size: The minimum number of observations required to detect an e ect of a
certain size with a desired level of statistical power.

3. Signi cance level (alpha): The maximum probability of falsely rejecting a true null
hypothesis that is acceptable for the study.

4. Expected e ect size: A measure of the expected di erence between the distributions
of the populations under the null and alternative hypotheses, indicating the impact
of the intervention.

Given three of these elements, a power analysis can estimate the fourth one. For our
purpose, we will estimate the statistical power based on the sample size, the signi cance
level, and the expected e ect size. The following three sections describe how we ob-
tained each of these elements, and then Section 6.4.4 shows how we conducted the power

analysis.

6.4.1 Sample size

The rst parameter we have to de ne is what is the sample size of each group that we
will consider in the power analysis.

The experimental design of the pilot project that will determine our sample size is
already described in Section 6.3 and summarized in Table 6.1. As shown, the participants
will be initially divided into three groups: Control, Experimental 1, and Experimental 2.

In the second period, each experimental group will be further split into three subgroups.
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The control group will not be divided throughout the experiment. This way, we have
seven di erent groups at the end of the pilot. Each group will consist of 115 participants,
resulting in a total sample of 805.

Thus, we conducted a test on a sample size of 115 individuals in each group. It should
be noted that this represents the number of participants in each group during the second
and third periods. Given that the rst period has a larger sample size per experimental
group compared to the subsequent periods, if we can achieve a high level of statistical
con dence in the later periods, the comparison between groups in the rst period would
have an even greater level of statistical con dence.

The power analysis was based on three groups: a control group (T1), which received no
remuneration; a low remuneration group (T2), which received a small amount of money;
and a high remuneration group (T3), which received a larger amount of money. These
groups encompass all the possible scenarios of the experiment, in each period. The low-
remuneration group (T2) was chosen as the reference group. This way, we will test for
statistical signi cance in two comparisons: (1) between the distribution of outcomes of
T2 and T1, and (2) between the distribution of outcomes of T2 and T3. This approach is
justi ed by the assumption that T2 would have an intermediate position in the distribution
of results. If di erences between T2 and the other groups can be detected with statistical
signi cance, then the other pairwise comparisons will also be feasible.

Having established the sample size and the groups for our power analysis, we will now
present the rationale for choosing the signi cance level parameter.

6.4.2 Signi cance level

The second parameter that needs to be speci ed for the power analysis is the signi -
cance level () that will be used for the hypothesis testing, and which de nes the probability
of a Type | error. A conventional value for in applied research is 0.08{ownlee , 2018).
This implies that the null hypothesis will be rejected 5% of the time when it is actually
true.

However, when multiple hypotheses are tested, the likelihood of committing a Type |
error increases. To address the issue of multiple comparisons, the Bonferroni correction is
a statistical adjustment that tests each individual hypothesis at a signi cance leve)|, of
where is the desired overall alpha level amdis the number of comparisong\(mstrong ,
2014). This correction ensures that the probability of making at least one Type | error in a
family of hypotheses is controlled at the level of

Since we are doing two comparisons (T1 vs. T2 and T3 vs. T2), we are going to use
the Bonferroni correction to de ne our alpha. We will consider the overall desired alpha
level as being the standard value of 0.05. Applying the Bonferroni correction, we have our
resulted alpha a2 = 0:025

6.4.3 Expected e ect size

The third and nal parameter that we need to specify for the power analysis is the
expected e ect size, which indicates the magnitude of the di erence between the distribu-
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tions of a pair of groups that we want to compare. In our case, the e ect size is a measure
that combines the mean and standard deviation of the number of trips of these two groups.
It can be computed as the ratio of the di erence between the group means and the pooled
standard deviation. The pooled standard deviation is the square root of the average of
the two groups' squared standard deviations. The formula for the e ect size between two
groups is given in Equation (6.1).

*
E ect Size= v—1 2 (6.1)

stdf+std
2
where:
1 andstd are, respectively, the mean and standard deviation of group 1,
» andstg are, respectively, the mean and standard deviation of group 2.

Therefore, to estimate the expected e ect size, we have to calculate the means and
standard deviations of the groups T1, T2, and T3. Since we do not have the actual data on
the number of trips, we will assume some hypothetical distributions for this variable. We
will now explain the assumptions and the methods for generating the distributions.

For the power analysis, we assumed that the number of trips follows a zero-in ated
negative binomial distribution, which combines a point mass at zero with a negative
binomial distribution ¢drr.io , n.d.). This implies that we are assuming that a relatively
large proportion of people will make no trips, without registering anything in the app,
and the number of trips for the rest of the people will likely follow a negative binomial
distribution, with some dispersion around a mean.

To generate this zero-in ated distribution, we followed two steps:

First, we generated a binomial distribution with probabilify,ercandn = 1. This
results in a combination of values of 0 and 1, and the percentage of ones in the sample
is approximatelyp,e$. The formula for the probability mass function of a binomial
distribution is shown in Equation (6.2):

n >
PX=K= (1 Prewo 1% Prerd™" (6.2)

where:

" P.X = K/ is the probability ofk successes,

" PzerolS the probability of success in a single trial,
" nis the number of trials (1 in our case),

" Kk is the number of successes.

We used the functiomp.random.binomial ¢ of Python, which takes as parameters

8 https://numpy.org/doc/stable/reference/random/generated/numpy.random.binomial.html
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the n, thep,ero and the sample size (115 in our case). The output is an array of values of Os
and 1s and the percentage of 1s is approximafely, We will call this arrayis _zero

Second, we generated another distribution based on the array obtained from the previ-
ous step: we assigned zero values to the elements that corresponded to oneis tieeo
array, and the remaining elements followed a negative binomial distribution. The proba-
bility mass function of a negative binomial distribution is given by Equation (6.3).

., k+n*1l K 4% i
P.X—k/—0 K1 p* .1* p/ (6.3)

where:

A

P.X = k/ is the probability ofk successes,

" nis the number of failures until the experiment is stopped,
" p is the probability of success in a single trial,

" kis the number of successes.

To generate a negative binomial distribution in Python, we used the function
np.random.negative_binomial ’. This function takes three parametens:andp, that
come from the formula in Equation (6.3), argize that represents our sample size
(115).

We can estimate by usingn and the mean of the distribution, as shown in Equa-
tion (6.4).

p= — 1 (6.4)

n+ mean
Therefore, to generate the distributions of number of trips, assuming that they will
follow a zero-in ated negative binomial distribution, we need to de ne three parameters,
foreach group: (1p,ers (2)meanand (3n. We performed the power analysis by considering
di erent combinations of these parameters to generate the corresponding distributions,
and using them as input for calculating the expected e ect size. We used the following
assumptions to de ne the parameters:

1. pzerg The additional probability of observing zero trips, besides the values in the
normal negative binomial distribution. We assumed di erent valuegnf,.for each
group, re ecting the expected e ect of the treatment. We hypothesized that the
control group (T1) will have the highest probability of making zero trips, and the
experimental group with the highest reward (T3) will have the lowest probability of
making zero trips. We decided to set the valueggf,,to 30% for T1, 20% for T2,
and 15% for T3.

2. meanThe mean number of trips per month for each group. This parameter depends
on the treatment group. For our assumptions in the power analysis, we will assume

"https://numpy.org/doc/stable/reference/random/generated/numpy.random.negative_binomial.html
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a mean of the base group (T2) and derive the mean of the other groups from this
base mean. We supposed that T1 will make fewer trips than T2 (we xed the ratio at
0.5) and that T3 will make more trips than T2 (we xed the ratio at 1.5). Thus, the
mean number of trips for T1 and T3 can be derived from the mean number of trips
for T2 by multiplying by the corresponding ratio.

3. nfor the negative binomial distribution: The number of failures until the experiment
Is stopped. We assumed the same value of n for all groups, equal to the mean number
of trips for T2.

As we only had assumptions about the number of trips people will make during the
pilot project, we tested di erent scenarios with di erent values of the mean number of
trips for T2. We iterated through the following values: 6, 12, 18, 24, 30.

Figure 6.3 shows an example of the distributions that we generated for each of the
three treatment groups, given a certain mean value for the number of trips in T2.
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Figure 6.3: Random zero-in ated negative binomial distributions of the number of trips for the three
groups. The distributions were simulated using the following means for each group: 9 trips for T1, 18
trips for T2, and 27 trips for T3. The results were obtained by averaging 10,000 iterations. Own work.

We performed a power analysis for each value of mean(T2) using the following method:
For each value of mean(T2), we generated the distributions of the number of trips for the
three groups, based on the speci ed parameters. Then, we calculated the e ect size using
the distributions and performed the power analysis. We repeated this process 10,000 times
for each value of mean(T2) to account for the randomness in the distribution generation.
The nal power for each value of mean(T2) was the mean of the power results across the
10,000 iterations. Algorithm 1 shows the pseudocode of this method.

Having demonstrated the derivation of the three parameters required for the power
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Algorithm 1 Power analysis method

1: for each value of mean(T2jo
2. for i =1to 1000Qdo
for each groupdo
Generate distribution of number of trips
end for
Calculate the e ect size
Perform power analysis
end for
9: Calculate mean of stored power results
10: end for

© N gk w

analysis, we will now present the implementation of the power analysis in Python.

6.4.4 Power analysis performance

As indicated in Section 6.4.1, we want to test for statistical signi cance in two com-
parisons: (1) T1vs. T2, and (2) T3 vs. T2. Accordingly, we conducted two power analyses
based on the distributions of the groups: one for T1 and T2, and another for T2 and T3.
We selected a one-sided test, since we are only concerned with testing the following
hypotheses: number of trips(T1) < number of trips(T2) and number of trips(T2) < number
of trips(T3). Consequently:

" For T1vs. T2, we employed a left-tailed test, to test if T1 has a lower mean than T2.

" For T3 vs. T2, we employed a right-tailed test, to test if T3 has a higher mean than
T2.

To perform the power analysis in Python, we used theestindPower.solve_power 8

function from thestatsmodels ° library. This function enables us to estimate one of the
four parameters of the power analysis (e ect size, sample size, signi cance level, or power)
given the other three as inputs. In our case, we speci ed the sample size, the signi cance
level, and the expected e ect size as inputs, and the function returned the corresponding
power value for that scenario. As we mentioned in Section 6.4.3, we ran 10,000 iterations
of powers, to account for the randomness of the e ect size parameter, and used the mean
of power of all the iterations.

Figure 6.4 summarizes the results of the power analysis for the comparisons of T1
and T3, with varying degrees of deviation from the base group (T2). A full version of the
results, including the mean and standard deviation of each set of parameters, is available
ina CSV le in the repository referenced.

The results indicate that, with a variation between 25% and 30% in the number of trips,
the power is above 80%. With variations above 30%, the power usually exceeds 90%. Since
we expect that the remuneration should have an impact greater than 30% on the number

8 https://lwww.statsmodels.org/dev/generated/statsmodels.stats.power. T TestindPower.solve_power.html
9 https://www.statsmodels.org/
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Figure 6.4: Power analysis curve. The gure shows the level of statistical power obtained in detecting
di erent percentual di erences in the mean values of the groups T1 and T3 compared to the reference
group T2. Own work.

of trips to justify the policy implementation, these power levels are acceptable for our case.
Therefore, the power analysis con rmed that the sample size of 800 is reasonable, based
on the assumptions made in this study.

6.5 Budget estimation

To secure the approval of the city hall for the funding of the pilot project, we conducted
a budget estimation for the project. We emphasize that this is only a rough approximation.
As mentioned in Section 6.3.4, the remuneration in the third period of the pilot can be
adjusted depending on the actual number of trips made by the participants, to keep the
pilot within the allocated budget.

The budget consists of two components: the payment per kilometer cycled and the
bonus reward for completing the online safety course (see Section 6.2) and the qualita-
tive data questionnaires (see Section 6.3.3). We will estimate each of these components
separately.

Regarding the payment per kilometer, we initially calculated the cost by considering
the following assumptions:

~ Average number of trips per person per month: 42 (2 per day for 21 working days);
"~ Average distance per trip: 3.5 km.

Next, we calculated the incentive for each group in each period of the pilot project, by
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multiplying the total distance traveled by each person by the payment rate per kilometer
for that group in that period. The formula for the calculation is shown in Equation (6.5).
Table 6.2 shows the values computed for each group using this formula.

Paymerﬂgriod: Siz@roup' Ntrips' Dper_trip * Rat%er_km * Nmonths (6.5)

where:

N

P ayment:i.qis the total expenditure on bicycle trips for a speci ¢ group during a
given period of the pilot project,

Sizgroupis the number of participants in the group,

Nirips IS the xed monthly frequency of bicycle trips for each individual (assumed to
be 42 trips),

Dyer trip IS the xed distance covered in each trip (assumed to be 3.5km),
Ratge km IS the payment rate per kilometer for the group in a given period,

NmonthsiS the duration of a period in months (in our case, each period consists of 2

months).

Group | Sizegroyp | 1stperiod 2nd period 3th period Total

Control | 115 R$0 R$9,298 R$0 R$9,298
115 R$9,298 R$0 R$9,298 R$18,596

Exp.1 | 115 R$9,298 R$9,298 R$9,298 R$27,893
115 R$9,298 R$18,596 R$0 R$27,893
115 R$18,596 R$0 R$9,298 R$27,893

Exp.2 | 115 R$18,596 R$9,298 R$0 R$27,893
115 R$18,596 R$18,596 R$18,596 R$55,787

Total 805 R$83,680 R$65,084 R$46,489 R$195,253

Table 6.2: Initial budget estimation for each group during the three periods of the pilot project.

This way, the total payment for all groups and periods is R$ 195,253. However, this
value was derived assuming that everyone will make 42 trips per month of 3.5 km each,
which is unlikely. As we indicated in our power analysis, we anticipate some people
to not make any trips, and even for those who do, we expect the monthly mean to be
lower than 42 trips. For this reason, we will use an estimate of 60% of the total incentive
initially calculated, to account for the variability in the number of trips. Thus, the payment
component of the budget will be R$ 117,151.65.

Next, we will compute the budget's bonus component. There are four bonuses that
will be available to all participants during the pilot: the Pedal Safely online course, and
the three qualitative data questionnaires. The amount that will be paid for each of these
rewards is shown in Table 6.3.
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Bonus Amount | Correspondence

Completion of the Pedal Safely" online courseR$ 17.60 | 4 public transportation
tickets

Completion of the intermediate questionnaireR$ 13.20 | 3 public transportation

(between the 1st and 2nd periods) tickets

Completion of the intermediate questionnaineR$ 13.20 | 3 public transportation

(between the 2nd and 3rd periods) tickets

Completion of the nal questionnaire R$ 17.60 | 4 public transportation

(after the 3rd period) tickets

Total per person R$ 61.60 | 14 public transportation
tickets

Table 6.3: Bonus amounts that will be available for the pilot project participants.

The total bonus amount available per person is R$ 61.60. With 805 participants, the
total bonus amount for all participants is R$ 49,588. However, again, it is improbable that
every participant in the pilot project will complete all the requirements to receive all the
bonuses. To estimate the budget, we will use a conservative value of 70% of the total bonus
amount to account for the completion rate. Therefore, the bonus component of the budget
will be R$ 34,711.6.

The budget estimation is summarized in Equation (6.6).

Budget E .Payment, W/ + E .Bonus
= 11715165 + 347116 (6.6)
= 15186325

Therefore, we estimated the budget for the pilot project to be R$151,863.25. This amount
was presented to the City Hall and approved. A more detailed account of this interaction
with the municipal administration is provided in Section 8.3.
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Chapter 7

Recommendations for the results
analysis

The data generated from the implementation of the pilot project will be subjected to
analysis, and the ndings will inform the formulation of the Bike SP program as a public
policy. To facilitate the transition from the pilot project to a viable policy intervention and
to prevent the reproduction of injustices, this chapter draws on the social justice literature
to propose some recommendations for the future implementation and evaluation of the
pilot. These suggestions are grounded on the three dimensions of the Mobility Data Justice
framework Behrendt andSheller , 2023) that were discussed in Section 4.3: distributive,
procedural, and epistemic. The following sections elaborate on the recommendations for
each of these dimensions.

7.1 Distributive

The analysis of the pilot project should take into account the disparities in mobility
and data in Sao Paulo across di erent segments of the population and di erent areas of
the city. These variations have implications for the evaluation of the pilot project and the
expansion of its ndings. In our analysis in Chapter 5, we identi ed two main dimensions
of this unequal distribution: group-based and spatial-based.

The rst dimension is the distribution of mobility among di erent segments of the
population, which is in uenced by factors such as gender, age, and socio-economic status.
As explained in Section 6.2, we have used some socio-economic and demographic criteria
to select participants for the pilot. Therefore, we have the information we need for the
analysis of the pilot project to adopt a group perspective.

The second dimension is the spatial-based distribution of mobility and data in Sdo Paulo.
The spatial analysis in Section 5.2.3 has shown that the public transportation and cycling
infrastructures are unevenly distributed in Sado Paulo, with a higher concentration in the
central (and wealthier) areas. This distribution a ects the accessibility and attractiveness
of di erent modes of transportation for distinct areas of the city. Therefore, the analysis
of the pilot project should take into account the spatial context of the participants and
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their trips. For example, it is not su cient to analyze quantitative indicators that may
indicate that people traveling in central areas are more likely to adopt the policy and thus
conclude that future implementations of the policy should focus only on the central areas.
It is necessary to understand why the central areas are more favorable for the policy and
how to address the barriers and challenges in other areas.

Moreover, we have to consider the intersectionality of these two dimensions. As
demonstrated in Chapter 5, there is a correlation between the areas privileged by the
mobility network and the areas with the higher classes. Also, there is a possibility of
intersection within groups in the rst dimension. This way, a young woman from a lower
class, for example, living in the peripheral areas of S&o Paulo, is much more susceptible
to facing unfairness in the distribution of mobility and data than someone who has only
one of these characteristics. Thus, she may also bene t more from the implementation of
the policy. The analysis of the pilot project should consider how this interplay a ects the
evaluation of the policy.

Therefore, when answering 1Q1, which asks how the number of trips varies with
di erent remuneration values, the analysis should also segment this question for each
group and each area, and consider how the unequal distribution of mobility and data in
Sao Paulo in uences the outcomes.

Additionally, we have to consider the exclusions arising from the data collection process
in the pilot. One of the possible sources of exclusion is the requirement to use a mobile
application to participate in the pilot project. This may create barriers for people who lack
access to smartphones or internet connection, or who are not familiar with the technology.
Also, the pilot project only targets those who either possess a bike or can have access to
one through a loan or sharing systems. Another factor is the safety perception of cycling,
which might deter some people from joining the program. Finally, since the distribution
of cycling infrastructure in Sdo Paulo favors the wealthier neighborhoods, e ort must be
taken to ensure that the middle and upper classes are not unfairly and unintentionally
privileged, since the lower classes are the ones who can bene t the most from the nancial
incentives.

Consequently, the expansion of ndings should account for the potential exclusion
of certain groups of people from the pilot project, either by the design itself or by the
eligibility criteria. A critical question is who is actually included in the data collection
process and who is left out.

7.2 Procedural

As discussed in Section 4.1.1, the state still has a dominant role in transportation
planning. In contrast, the Bike SP program, through this research, is already involving
academic institutions, the government, and cycloactivists to base the implementation of
the policy. This collaboration contributes to the procedural dimension of mobility data
justice, as it allows for di erent perspectives and interests to be considered.

Nevertheless, the program still needs to explore ways of engaging the community
in decision-making and in the provision of feedback for the policy (see Chapter 7 for
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recommendations on this matter). Otherwise, there is a risk of perpetuating historical
injustices. Moreover, it is essential to make periodic adjustments to the policy parameters
(e.g., the eligibility criteria, the bene t amount for each group, etc.), in order to ensure
that the program is responsive and adaptive to the changing needs and preferences of
the people. In this regard, it is important to re ect on who will be involved in these
adjustments, what criteria will guide these decisions, and, more broadly, who will have a
say in future designs of the policy.

7.3 Epistemic

The epistemic dimension of data justice requires us to critically examine what con-
stitutes data in the analysis of the pilot project. The Bike SP program will not only
generate data on the impact of nancial incentives on cycling behavior, but also provide
valuable insights on the cycle routes, and the diverse preferences and motivations of
di erent segments of the population. Besides the number of trips and the remuneration
values, we also regard as data all the socioeconomic and demographic aspects presented
in Section 6.2.

In this context, the privacy issue has to be addressed. As mentioned in Section 6.3.3, the
data collected from the pilot project will serve not only to inform the Bike SP policy, but
also to support other initiatives regarding cycling policies in Sdo Paulo. The participants
of the experiment will sign an agreement to share their data, which will be analyzed only
in an aggregated and anonymized way. However, if the policy is scaled up in the future,
the type and amount of data that is necessary should be reconsidered. It is important
to determine what should be collected as data in the rst place, and how to balance the
individual right to privacy with the collective bene ts of data sharing. This should be done
with transparency and consent from the participants, who should be aware of what they
are sharing in exchange for the nancial bene ts.






Chapter 8

Preparation for the pilot
Implementation

The implementation of the pilot project requires several preparatory steps. In this
research, our objective included both delineating the design of the pilot project and
ensuring its readiness for future implementation. To accomplish the latter, we focused
on three key aspects: (1) Ethical approval, (2) Mobile application development, and (3)
Coordination with the City Hall. This chapter describes the activities undertaken in each
of these aspects.

8.1 Ethical Approval

The Research Ethics Committee (CE&)proval is a prerequisite for conducting re-
search involving human subjects. The CEP is in charge of ensuring that the research project
complies with ethical principles and guidelines, as well as assessing its suitability, safety,
and respect for human dignityffefesa, 2023). Therefore, to implement the pilot project of
Bike SP with citizens in Sado Paulo, we obtained the CEP's approval. For this purpose, we
compiled and submitted all the necessary documents. The project was submitted to CEP
through the Plataforma Brasil" websifeon June 13th and approved on July 10th. Thus,
we can proceed with our pilot project from an ethical standpoint.

The following documents were submitted to the Ethics Committee in this process:

1. Detailed project description: A document of 10 pages with a general description of
the program. It included the context of the experiment, its signi cance as a research
project, and the actors involved in the research. Moreover, this document contained
the objectives, methodology, and experiment design, in a concise version of what
we presented in Chapter 6. This document is included in Appendix E.

2. Free and Informed Consent Form (TCLE) : A document of 4 pages that all par-
ticipants in the pilot project will sign. By signing this document, the participants

L Comité de Etica em Pesquisa (CEP/HFA), in Portuguese.
2 https://plataformabrasil.saude.gov.br/login.jsf
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consent to share their bicycle travel data during the pilot and assume responsibility
for any potential material, moral, or aesthetic damage incurred during trips related
to the project. This form also contains instructions for the participants on the
remuneration policy and constraints during the pilot, as described in Section 6.3.
The TCLE submitted for approval is attached in Appendix C.

3. Forms: The online registration form, described in Section 6.1, and the surveys for
gualitative data collection, detailed in Section 6.3.3. The questions that constitute
each of these forms can be found in Appendices B and D, respectively.

8.2 Mobile Application development

As outlined in Chapter 6, the execution of the pilot project demands a mobile applica-
tion to register and validate the bicycle trips of the participants, so that we can reward
them and collect the data for the pilot's evaluation. Thus, in preparation for the pilot's
implementation, we coordinated the development of this mobile application, by preparing
its requirements, hiring developers, and supervising the development process.

In this aspect, the rst step consisted of specifying and prioritizing the functionalities
of the application, based on their relevance and feasibility. Table 8.1 presents the main
functionalities identi ed in this phase, along with their assigned priorities. Furthermore,
in order to facilitate the development process, a prototype was designed to illustrate the
sequence and layout of the application screens. The prototype served as a visual guide for
the developers to follow and implement the desired features.

Next, we opened a call for internships for the students of the Institute of Mathematics
and Statistics of the University of Sdo Paulo (IME-USP) and selected three undergraduate
students from the Computer Science department. Later, we hired two more developers to
join the team and increase the development capacity.

During the application development, we adopted the agile software development
methodology, which consists of iterative and incremental cycles of software delivery
(Abrahamsson et al, 2017). The development was divided into two-week sprints, and
our main role during the development was to act as the product owner of the application,
which entailed de ning the tasks for each cycle, providing feedback to the developers, and
ensuring that the development met our expectations.

The development of the application began in late May 2023, and an initial usable version
was ready in mid-September, only compatible with Android-based operating systems. The
development is still ongoing, focusing on the detection and correction of bugs and the
addition of tests and minor functionalities. Figure 8.1 displays the user interface of the
mobile application developed.

In November, we conducted a beta test of the mobile application in order to assess its
performance with external users and to test our mechanism of rewarding and communi-
cating with the participants. This test is detailed in the next subsection.
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