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ABSTRACT

The literature on ride-hailing has experienced rapid growth in recent years, with an accent
on industrialized cities, mainly in the United States and Europe. Previous research has identified
the characteristics and preferences of ride-hailing adopters in a handful of cities. However, given
their marked geographical focus, whether such findings are relevant and applicable to the practice
of transport planning and regulation in cities in the Global South remains largely untested.

This paper examines ride-hailing in the Metropolitan Area of Mexico City. We build on
statistical modelling informed by the Mexico’s household travel survey from 2017 to determine
10  the main drivers for ride-hailing adoption, unpack ride-hailing user characteristics, and understand
11 how they differ from other transport users in the local context. We use findings to discuss the
12 implications of ride-hailing for urban mobility in one of the largest cities in Latin America.

13 Recognizing that the trajectory of adoption and development of app-based urban transport
14  services differs from those followed in the United States and Europe, the paper hypothesizes that
15  ride-hailing usage in a context such as Mexico may be mediated by social issues such as the
16  perception of crime, risk of sexual harassment in public transportation, and lack of flexibility and
17  quality in other modes. Such challenges are frequently experienced by women in this and similar
18  contexts as documented by the literature.

19 Our findings shed light on the complex role of gender and care relationships play in the
20 adoption of on-demand transportation services. Relevant findings suggests that variables such as
21  age, education and income have a positive effect on ride-hailing adoption, in line with the existing
22 literature. Also in line with current literature, we find that ride-hailing in Mexico City is
23 instrumental for leisure and health trips. However, when considering gender, and the links between
24 gender and care responsibilities, findings show that women in households with a higher number
25  of elders depend more on on-demand transport. These results are novel in the context of the ride-
26 hailing literature and suggest areas for further exploration in similar contexts to inform discussions
27  about the role of these travel alternatives for women and their ability to navigate the city.

28

29  Keywords: Gender, Mexico, Ride-hailing, TNC.
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1. Introduction

Transport Network Companies (TNCs) are rapidly transforming the way mobility needs
are being met across the globe. Also known as ride-hailing, on-demand services, and platform-
based mobility services, TNC companies provide on-demand services by matching passengers
needing a ride and drivers through smart phones and GPS enabled applications. Entering in 2013,
TNCs have rapidly made their way into emerging and large cities in Latin America (Latam). TNCs
services have been argued to offer several advantages to other modes, including relative ease use,
seamless payment options, and security features. System features such route optimization, and
surge pricing, that work together to direct drivers to high demand areas, have been argued to
increase efficiency and reduce uncertainty over travel times and the hassle of parking (Lesteven
and Samadzad, 2021). Additionally, by offering service in hours and places lacking public transit,
they potentially increase mobility options in areas with poor public transit coverage, reduce the
need for private auto ownership and usage, and may increase employment opportunities due to
low barriers to entry (Azuara et al., 2019).

Nevertheless, policymakers have raised concerns about the possible risks for sustainable
transport development, spurring debates around the potential negative externalities of rapidly
growing ride-hailing on urban transportation systems, such as increases in demand for individual
forms of transport, vehicle miles traveled, and congestion. Ride-hailing’s virtually constant
availability, demand responsiveness, and geographic coverage, unbound from routes and stations,
fixed schedules (Alemi et al., 2018a; Dias et al., 2017; Etminani-Ghasrodashti and Hamidi, 2019),
has also raised concerns around its impacts on public transit ridership and active modes of transport
such as walking and cycling (Gabel, 2016).

Several studies in the developed countries context have looked extensively at factors
influencing ride-hailing and the way people are interacting with the services. This body of
literature (Alemi et al., 2018a; Dias et al., 2017; Etminani-Ghasrodashti and Hamidi, 2019) finds
that comparatively younger users are more likely to use ride-hailing, and that the adoption of the
service is influenced by levels of engagement with technology, as well as direct or indirect impacts
of the built environment (Alemi et al., 2018c). However, large gaps in the research exist regarding
the factors influencing the adoption and intensity of ride-hailing research in developing countries
context where there are stark differences in levels of economic development, crime, and quality of
transport infrastructure.

Many patterns of the variables influencing ride-hailing adoption are expected to be similar
in the developed and developing world. For example, it is expected that younger people, highly
educated people, or people with high income are using ride-hailing services more frequently.
Nevertheless, a key difference to be expected is the role of gender. Current literature (not specific
to the Mexican or Latam context) consistently argues that being a female has not impact on ride-
hailing usage, and even that males are more likely to adopt the service. As we will show in this
paper, gender is key to understand the ride-hailing trajectory in Mexico City.

In this paper, we develop a conceptual framework for ride-hailing adoption drawing on
existing literature and adapting it to the particularities of Mexico City and the developing country
context. The framework is empirically analyzed using a set of categorical models identifying
variables that explain ride-hailing trips, as well as the variables that distinguish ride-hailing
adopters from users of other transport modes like the car, public transport, or walking. Findings in
the paper seek to contribute to current debates about the determinants of the use of ride-hailing
and to provide insights for decision-making and policy in the local context of Mexico City.
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2. Literature Review

Research to-date on ride-hailing has focused on several fronts, including identifying the
factors influencing its adoption and usage patterns (Alemi et al., 2018a), measuring its impacts on
travel behavior, and understanding changes in vehicle kilometers traveled (Alemi et al., 2019;
Tirachini and del Rio, 2019), among others. A more recent strand of literature examines the effects
of ride-hailing’s impacts on public transit use and modal substitutions. For example in Toronto,
Canada, Young et al., (2020) estimate the degree to which ride-hailing trips complement or
substitute public transit (Young et al., 2020). They modeled three outcomes based on the difference
in travel times for ride-hailing trips and their transit counterpart, where simulations were used to
estimate travel times. The authors found that 31% of ride-hailing trips have a similar duration to
transit trips, suggesting competition. Additionally, 27% of the ride-hailing trips were more than 30
minutes faster than the transit alternative. The authors argue that, for these cases, ride-hailing is
filling a gap given that these trips are too long for transit. The paper recommends creating a tax
for ride-hailing trips that compete directly with transit. For Bogota, Colombia, a study (Oviedo et
al., 2020) simulate trip costs for origin destination pairs in the household surveys, and used stated-
preference surveys to model potential modal shifts between public transit, private cars and TNCs
under a range of scenarios. They find that nearly one-third of public transportation trips could be
at risk of shifting to ride-hailing under the current public transportation fare scheme and mean
travel times, and that an important share of the population is expected to be willing to pay more to
reduce travel times.

In the next subsection we present a general overview of research on ride-hailing adoption
highlighting the main variables that literature considers to be instrumental for ride-hailing trips.
This way, we can clearly identify if there are differences or similarities with results from our
models presented in section 5. In section 2.2 we move to an exploration of the gender dimension
of ride-hailing and show current literature (mainly from developed countries) is consistently saying
that males have higher propensity to adopt ride-hailing or that there is not a gender difference at
all. We separate results related to gender given that one of the main contributions of the paper is
that in the context of Mexico City, and probably in other cities in the region, gender (being a
female) is instrumental for adoption. This contrasts with mainstream literature.

2.1. Ride-hailing adoption

Several authors have developed conceptual frameworks (Acheampong et al., 2020;
Etminani-Ghasrodashti and Hamidi, 2019; Lavieri and Bhat, 2019) intended to explain the
complexities of ride-hailing adoption. In the developed country context, a study in the Seattle
Metropolitan Area (Dias et al., 2017) modeled “ride-hailing frequency” and “car-sharing
frequency.” Albeit analyzing data in the early stages of operation of TNCs, they found that ride-
hailing users are mainly highly educated, young, high income, and living in high-density areas-
findings that have persisted in much of the subsequent ride-hailing research over time. Using
Structural Equation Models SEM in the Dallas-Fort Worth Metropolitan Area (Lavieri and Bhat,
2019), a study on ride-hailing adoption and usage, showed that low residential density and
concerns about privacy (mainly for non-Hispanic whites) have negative impacts on the frequency
of use. Alemi et al. (2018a) studied ride-hailing adoption in the state of California, considering a
diverse set of behavioral variables such as lifestyles, attitudes towards technology and pro-



OO NOOYULDS WN B

A A DDA, PBEDDWWWWWWWWWWNNNNNNNNMNNNRRRRRRRRERPRE
OO U, WNRPFPOOWUONOOTULLPEEWNRPOOUONOULLPEWNREPRPOOONOUPEDEWNPE,EO

environmental policies, and sociodemographic variables. The model also accounted for
accessibility, a mix of land use, and neighborhood type (urban, suburban, or rural). Like Dias et
al. (2017), they find that ride-hailing users are young (older millennial) and well-educated people.
However, their models reveal a more nuanced picture identifying clusters of adopters by their
socioeconomic characteristics and land use characteristics of their residence and then analyzing
how these factors influence their ride-hailing frequency.

First, they identify three main clusters of adopters: 1) high frequency adopters, who tend
to be highly educated, childless, independent millennials, living in high-quality transit
neighborhoods, 2) mid-level adopters-affluent millennials (or older Generation X) living with their
families, who usage is often influenced by land-use mix, use of smartphones, and long-distance
business trips, and 3) low-level adopters, who are less affluent, with lower educational attainment,
and tend to live in rural areas and for whom the ride-hailing use is constrained by income, long-
distance non-car business trips (often flights), and transit accessibility. The second extension
shows that the use of smartphones and the propensity to take long-distance trips by plane is
positively related to both adoption and more usage of ride-hailing, while willingness to pay more
to reduce travel time and increased land use density (in residence) are related to more frequent
usage.

Tirachini and Del Rio (2019) modeled “frequency of use” and “occupancy rate” of ride-
hailing in Santiago de Chile using ordered logistic models (Tirachini and del Rio, 2019). Some
results are consistent with previous literature. For example, they find that younger people are more
likely to use ride-hailing more often. Nevertheless, contrary to findings in the developed country
context (Alemi et al., 2018a; Tirachini, 2019), car availability did not explain frequency (when
controlling for age and income). In metropolitan Teheran, Iran, a study (Etminani-Ghasrodashti
and Hamidi, 2019) also modeled the frequency of use per month using a Structural Equation Model
(SEM), finding cost effectiveness, security, anti-shared mobility, and technology adoption are
essential determining factors. The study suggests that increased car usage is associated with more
ride-hailing usage, and that ride-hailing does not necessarily imply fewer car-based trips.

Turning to a developing country, another study (Acheampong et al., 2020) conducted in
Accra and Kumasi (Ghana) also using SEM showed that, similar to other studies previously
referenced, that ride-hailing is mostly used for occasional trips (51%); however work and school
trips also represented a substantial share of the trips (41%). Nevertheless, in contrast to other
studies, the main travelers are not located on the urban side of the city but in the inner-suburban
and outer-suburban localities.

2.2. Gender, transportation, and ride-hailing research

Differences in socio-economic conditions and social norms among men and women play a
significant role in determining travel behavior (Curtis and Perkins, 2006). These differences are
even more marked in the developing country context where women take on more household and
care related work and are less likely to participate in the labor market. When they do work outside
the home, they are more likely to work close to their home to allow time for care-related travel and
domestic responsibilities. Moreover, women trips tend to make more chained trips involving
multiple stops and transfers compared to men, report making a significant number of trips for
family and personal business (Schintler et al., 2000), and are more likely to travel to accompany
others (such as children or the elderly), or to buy groceries and medicines, and carry packages,
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strollers and wheel chairs, to comply with their care work duties (Hasson and Polevoy, 2011; Soto
Villagran, 2019). Lower income women tend to access to slower and lower quality modes
compared to men, relying extensively on walking and public transit, even when a private vehicle
is available in the household (Peters, 2013) . In addition to having distinct transport needs, women
are frequently victims of sexual harassment and other crimes, often report feeling unsafe when
using public transport systems (Gardner et al., 2017; Gekoski et al., 2017)

In LAC, public transit systems tend to be characterized as highly informal (Tun et al., 2020),
and often lack defined stops, or security protocols and mechanisms in place to report crimes and
incidents of harassment (World Bank Group and UFGE, 2020). They are also characterized as
having higher rates of sexual harassment and assaults (FIA Foundation and CAF, 2017). Research
on the role of investments in formal mass transit systems such as BRTs and metros that reduce
travel times and include features to improve security such as cameras, guards and police at stations,
and mechanisms for reporting incidents in Latin America has found that women living within
walking distance to such systems are more likely to participate in the labor market and be employed
suggesting that travel time savings and increased security can have an important role in improving
women’s access to jobs (Martinez et al., 2018).

Many studies have explored the role of gender in adoption and frequency of ride-hailing.
Research on ride-hailing has explored gender in two main ways i) including gender in the analysis
as a control, but not as a key variable of interest, or ii) including it as variable of interest, but
finding that men are more likely to adopt ride-hailing than women, in opposition to what we
hypothesize for the case of Latam. Research finding that men are more likely adopters than females
are based in the USA and Canada, while there is one study showing a reverse effect in a developing
country. There is little research on gender and ride-hailing in developing country context.

Descriptive research comparing socioeconomic characteristics of ride-hailing with taxis and
public transit users in San Francisco (Rayle et al., 2016), although not focused on gender,
presented descriptive statistics showing that males (60%) adopting ride-hailing services at higher
rates than females (40%). A similar gender pattern for taxi users (who use them at least once a
week) was found (42% for females and 56% for males), a striking result when considering 49%
the population of San Francisco are females and 51% are males.

Alemi et al., (Alemi et al., 2018a) in their study on ride-hailing adoption and use in California
found that women were slightly more likely to adopt ride-hailing compared to men and that on-
demand services are higher among women, although it was not an important predictor compared
to other socio-economic and built environment factors studied. An extension of the previous
discussed article used Latent Class Analysis LCA (Alemi et al., 2018c¢) to create segments of users
and explain factor influencing ride-hailing through a class membership model. Gender was not
included in the class membership model of the LCA as was the case of the personal and
demographic variables stage of life, marital status, income, occupation, education, and
neighborhood type. Despite gender not playing a role in the model or the research, the authors
mention that the share of females is slightly higher than the share of male in the class with more
ride-hailing usage.

A more recent strand of research has found that males are more likely to use ride-hailing when
compared to females. For example, research in the United States using National Household Travel
Survey from 2017 (Mitra et al., 2019) and a logit model, found that mean were 16% more likely
than women to (odds ratio of 1.159 for males (compared to females)) to use ride-hailing services.
The study also highlights that men with medical conditions are more likely to engage in ride-
hailing than females. A study in the Dallas-Fort Worth-Arlington Metropolitan Area (DFW) of
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Texas (Lavieri and Bhat, 2019) used a convenience sample of 1,607 respondents gathered through
a web-based instrument and, using a structural equation model, finds that “variety-seeking
attitudes” is positively associated with ride-hailing frequency of use. The gender dimension comes
into play in a mediation through this latent, where males have higher levels of variety-seeking
attitudes. In contrast, a recent study in Tehran (Lesteven and Samadzad, 2021) using survey data
and ordered logit models shows that men are less likely to use ride-hailing, though the main
determinants of adoption are income and having a smartphone.

In the LAC region, a study in the city of Santiago de Chile used a difference-in-difference
model to establish the effect of ride-hailing on drunk- driving fatal traffic accidents and fatalities
considering differentiating effects of males and females (Lagos et al., 2019). The results indicate
that ride-hailing has decreased accidents and fatalities for all users, but mainly for female
passengers, as well as among male drivers working at night. Finally, recent research in three
Mexican cities (Mérida, Toluca de Lerdo, and Aguascalientes) focusing on exclusive and pooled
services and using descriptive statistics from a survey to users of a Transportation Network
Company operating in the country (Moody et al., 2021), shows that the share of males (67.7%)
using express services is higher than the share of females (32.3%). Despite the handful of studies
that have findings regarding how gender interplays with ride-hailing adoption, very few studies
explore the role of gender and ride-hailing usage in depth in the Latin American or developing
country context.

3. Background and conceptual framework

The Latin American and Caribbean region (LAC) suffers from some of the highest levels
of social and economic income inequality and poverty rates in the world and is highly urbanized.
With average Gini index of 42 percent and poverty rates of around 30% (CEPAL, 2015), more
than 80 percent the population in the countries live in cities. Urban areas in the region tend to be
characterized by low quality and a lack of universal coverage of transport infrastructure services,
particularly in lower income zones. Gaps in infrastructure investments combined with rapid
motorization and urbanization have led to high levels of urban sprawl and congestion, and long
travel times of up to 2 to 3 hours per day, and to lower levels of access and mobility, particularly
for the urban poor.

A sprawling metropolis, Mexico City has undergone explosive urbanization; its population
nearly doubled in the span of four decades, rising from 13 to 22 million between 1980 to 2019.
Over this period much of the population moved to suburban locations while jobs remained
centralized (Guerra et al., 2018) generating long commuting times and dependency on vehicles.
The city suffers paralyzing levels of congestion, driven by high rates of motorization, a fragmented
and largely uncoordinated public transit system, and long trip distances between origins and
destinations. There are over 5 million registered vehicles and 350,000 registered motorcycles in
the city (Flannery, 2019). Near 37% of the total trips in the city during a typical day are made by
public transport, however, most of the trips are made using small informal operators (OECD,
2019). While the share of trips made by ride-hailing in Mexico City as well as other cities in the
LAC region is still low, the individual nature of the trips combined with the fact that ride-hailing
vehicles travel without a passenger for some portion of the trips, raises concerns around the level
of vehicle kilometers traveled and potential impacts on congestion and public transit ridership,
making understanding the patterns of use critical to planning and policies aimed at reducing their
potential externalities while enhancing their value to consumers.
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Crime and sexual harassment, which disproportionately affect women, are pervasive issues
in Mexico City’s transportation system. By 2008, 90% of women had experienced some sort of
sexual violence while using public transportation in Mexico City. A recent study (Soto Villagran
et al., 2019) found that in some stations near 50% of women have received obscene words when
using public transport, and, in one station, 6.7% have been photographed without consent. It has
spurred the implementation of innovative policies like the ‘pink transportation program’ (Dunckel-
Graglia, 2013), a transport service exclusive for women decorated with images of famous women
intended to foster self-esteem, notice violence, and encourage the actions for and by women. The
Pink Transportation program has been complemented with broader support to victims and was
expanded to cabs.

Ride-hailing has been operating in Mexico City since 2013 with Cabify, the first TNC in
arriving the city. Cabify was followed by Uber in and Lyft in 2014. As in other cities around the
world, the disruption of this new mobility services created challenges in regulation. In September
2016, the government of Mexico City introduced a new tax as part of the Urban Mobility Law
designed to contribute to a special trust to strengthen the city’s capacity to invest in sustainable
urban mobility called “Fondo para el taxi, la movilidad y el peaton” (fund for the taxi, mobility,
and the pedestrian) (SEMOVI, 2019). The tax had a direct effect on the growing supply of on-
demand ride-hailing services in the city as it imposed TNCs a contribution of 1.5% of the fare of
each trip made using these services, a cost that was transferred to the user. Such a scheme is unique
in the LAC region, and it has relevance for this research as it bears direct implications for the
affordability of app-based ride-hailing compared to traditional taxis and other modes of transport.

In this section, we build on the literature review presented earlier in the paper to propose a
conceptual framework explaining the factors that can influence the adoption of TNC services in
urban contexts, as well as the characteristics that can distinguish ride-hailing from other transport
alternatives. The framework is informed by the main features of urban transport in Mexico,
although its main components reflect the main types of drivers of ride-hailing choice in the
international literature. There are three starting points for the framework. First, we hypothesize
that ride-hailing adopters are mainly non-frequent users of the service or those that make
occasional trips during the month (Alemi et al., 2018a; Tirachini and del Rio, 2019). Second, ride-
hailing is unaffordable for a considerable share of the population as a frequent mode of transport.
This point is expected to have greater relevance in contexts with higher concentration of poverty
and income inequality. And third, crime problems and risk of sexual harassment in public
transportation and public spaces may increase the appeal of ride-hailing in particular times of day,
under specific circumstances, or for determined subgroups of the population. Mexico City (as other
major cities in LAC) has experienced challenges associated with high rates of crime and insecurity,
as well as well-documented frequent issues of harassment and gender violence in public transport
and public space. While aspects of crime and gender security are likely relevant for most contexts
where such services are in use, the idea that ride-hailing could be a mechanism to feel safer when
traveling could have additional relevance in Global South contexts.
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Additionally, our framework (Figure 1) incorporates four dimensions that have been suggested
by previous research to influence patterns of use of ride-hailing: i) the Built Environment, ii)
Individual Mobility Demand, iii) Purchasing Power, and iv) Attitudinal Preferences. This group
of variables is complemented with the gender of the person and with factors affecting Personal
Security as one of the conceptual contributions of this article. It is also important to highlight that
our proposed models are heavily influenced by life stage and household composition (Janke et al.,
2020). In Figure 1, thick lines are interpreted as having a direct effect and dashed lines as having
a mediated effect. For example, purchasing power and attitudinal preferences are directly affecting
ride-hailing adoption. Concerns about personal security can directly affect ride-hailing as well as
shape attitudes that ultimately influence ride-hailing. In the first case there is a thick line from
personal security to ride-hailing adoption, and in the second case there is a dashed line from
personal security to attitudinal preferences and late a thick line from attitudinal preferences to ride-
hailing usage.
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3.1. Built Environment

The built environment, which encompasses infrastructure and urban form, influences ride-
hailing usage and patterns through several mechanisms. First, the degree of quality and coverage
of public transport infrastructure and services (Alemi et al., 2018a; Dias et al., 2017; Etminani-
Ghasrodashti and Hamidi, 2019) can influence ride-hailing usage in two ways. For high-income
individuals who live near public transit stations, public transportation may serve their usual trips
such as work or school, while ride-hailing may serve many of their non-usual ones, such as
attending social events or seeing a doctor, and to more dispersed locations or at times not well
served by public transit. In areas with high levels of congestion and limited parking, combining
public transportation and ride-hailing services may potentially reduce car-ownership by providing
a flexible alternative that offers the comfort of the car when needed without the added burden
associated with owning it. Conversely, those living outside of mass transit hubs or in transit
desserts and/or for those without access to private vehicles (households that share a vehicle), ride
hailing may serve occasional trips not easily reach on foot or by transit.

Second, areas with high degrees of land use mix and density may have either downward or
upward effects on ride-hailing demand (Marquet, 2020). People living or working in dense mixed-
use areas with more opportunities clustered together, might prefer walking or biking instead of
using TNCs for short trips, generating a downward effect. The upward effect is like that of public
transportation discussed before. If travelers can reach many destinations on foot or without relying
on owning a private vehicle, they may forgo auto ownership altogether and use ride-hailing for the
trips that go beyond walkable or transitable distances. In addition, among those who do own cars,
parking restrictions in denser mixed-use areas may induce ride-hailing amongst travelers looking
to save time and hassle searching for parking and to save on parking costs. Conversely, investments
in high quality public infrastructure can spur more mixed land used and reinforce the cycle of
walking or cycling for short trips and ride-hailing for longer trips. Finally, higher rates of auto-
dependency may occur in low-density and single use zones that impose long distances between
origins and destinations, and an urban form that is difficult to serve efficiently through mass transit.
Although car dependent urban forms can reduce the overall demand for ride-hailing, in these
environments, it may be an attractive back up to the car in many instances.

3.2. Mobility Needs

The dimension of mobility needs encapsulates the different trips that people perform.
Individuals living in households with more diverse and intensive mobility needs are more likely
to, eventually, perform more ride-hailing trips because they cannot perform all the trips in the same
transport mode. For example, trips with baggage, to medical appointments, or with children are
not as easy to conduct in public transportation as in ride-hailing. In addition, personal mobility
matters, as do the needs of other members of the household. A reason for this is negotiations at the
household level about the distribution of budgets and access to the car (Levy, 2013a; Schwanen,
2011). Something that we consider a crucial element is the role of people in charge of elders or
kids. Ride-hailing might look like a more appealing alternative when traveling with elders or
children than regular public transportation.
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3.3.Attitudinal Preferences

Preferences are expected to vary across different levels of education and age. For example,
the level of engagement in technology (Fu, 2020; Kong et al., 2020), the literacy to use it, and the
trend towards being an early adopter. Moreover, the use of a TNC app demands basic knowledge
about technology, such as knowing how to create an account, how to make electronic payments,
or how to navigate an interactive map to input trip origins and destinations. Amongst younger and
highly educated individuals, this is likely common knowledge, but for older cohorts, it may present
a challenge that may constrain their use of ride-hailing.

A second dimension we consider is attitudinal preferences towards the environment, which
can affect ride-hailing adoption in two ways. On the one hand, individuals with pro-environment
attitudes might avoid using ride-hailing services, given that the service may have similar
environmental consequences to those of driving a personal vehicle. On the other, this group may
avoid owning a car and make their frequent trips in more sustainable alternatives such as public
transit and walking and use ride-hailing for the non-frequent trips that are not easily made in these
alternatives.

Finally, attitudes towards different transport modes are likely to differ in Latin America
compared to other contexts examined in the academic literature. Not only travelers may have
negative perceptions regarding the quality and or security of public transport modes derived from
previous experiences. In Mexico City, similarly to other contexts in LAC, the use of public
transport, and to some extent walking and cycling, are associated with differences in class and
income, and often avoided by higher-income residents (Gandelman et al., 2019; Guerra et al.,
2018; Jauregui-Fung et al., 2019). In Mexico, where the backbone of the transport system is
composed of Jitney-semi-informal minibus services that are characterized as low quality, non-
reliable, and insecure (Flores-Dewey, 2019), tendencies of positive associations of car ownership
with status and power are more likely to manifest alongside an increasing use of collective
transport by groups with lower purchasing power (Gallego et al., 2013). Other key issues are fear
of crime and sexual harassment, both of which are disproportionately experienced by women
(Dunckel-Graglia, 2013; Dunckel Graglia, 2016).

3.4.Purchasing Power

Ride-hailing is an expensive service relative to other transport modes in Latin American
cities. Particularly in the developing country context, where high rates of inequality and poverty
are persistent, ride-hailing may be unaffordable for a substantial part of the population. Initial
proxies for purchasing power are the socioeconomic stratum of the zone where the person lives.
Stratum is Other important proxy is the level of education, with more educated individuals
expected to have higher average incomes than those with lower levels of education (Ferreyra et
al., 2017). Education is a variable that affects two dimensions (purchasing power and attitudinal
preferences) of ride-hailing use and is expected to have significant relevance in explaining ride-
hailing.

Finally, car ownership has theoretical two principal influences on ride hailing. People in
the right economic conditions can buy cars, which can reduce demand for ride haling but may also
increase it where car usage is expensive (parking). Also, in some contexts, people with a private
vehicle can have access to employment opportunities that are not available in other transport
modes, which in turn increases available disposable income.

10
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3.5.Gendered Factors

The variable, gender, is expected to be significant in most of the models we present later
in the article. At the top left of Figure 1, the square “Gendered Factors” is not a dimension itself.
Instead, it is a common area of variables from the aspects discussed here that overlap with gender.
Because of the typical role that woman play related to household care related activities, their travel
patterns tend to distinct from those of men (BID, 2018). Typically, women’s travel is more
complex due to their tendency to oversee more of the household related shopping and typical
increased responsibilities related to care of children and elders. Compounding these trends, they
have access to lower quality and slower modes of transport and access to the private vehicle in
households leans towards the working-male, leaving women with the need to look for alternative
modes of travel (Levy, 2013b; Schwanen, 2011). Moreover, gender-based violence deserves
special attention when studying the ride-hailing phenomena in Mexico City. Given the high rates
of crime and sexual harassment in Mexico City, as mentioned previously, the government has
developed strategies to increase safety and security form women, but with limited success
(Dunckel-Graglia, 2013; Dunckel Graglia, 2016).

The combination of more complex mobilities, less access to use the car in the household, and
being fearful to public transport, may lead women with the economic capacity of affording ride-
hailing to turn to it as an alternative mode.

In summary, the models proposed for this article (see section 4 for the variables used in every
model and section 5 for the results) are based on the conceptual framework presented, in order to
assess the validity of hypotheses posed including 1) that gender is a key variable for the adoption
of ride-hailing, 2) that younger people with high educational attainment are more likely to use ride-
hailing, and 3) that the built environment should explain some share of ride-hailing trips. In the
models, we do not include variables expressing attitudinal preferences and subjective perceptions
of fear of crime due to the lack of these variables in the survey we used for the models.

4. Data and methods

We use the most recent Household Transport Survey HTS in Mexico City (2017) to run
two types of categorical models of ride-hailing adoption. First, we employ a logistic regression to
understand the factors influencing ride-hailing adoption, with the outcome variable being whether
an individual is a ride-hailing user or not (defined as performing at least one trip on a weekday or
weekend). Our second model is a multinomial logistic regression that measures the impacts of
different factors in our conceptual framework on mode choice between ride-hailing versus other
modes. The outcomes include a set of transport modes available in the city, with ride-hailing
assigned as the base outcome. In constructing our models, we draw upon the conceptual
framework presented in the previous section and the availability of information in the HTS. Next,
we present an overview of the dataset used and the mathematical logic of the models.

4.1. Household Travel Survey
The 2017 travel survey for Mexico City include 142,415 persons in 66,625 households,

living in 195 districts that encompass the metropolitan area of Mexico City, (frequently referred
to as the Valley of Mexico Metropolitan Zone ZMVM (Zona Metropolitana del Valle de México,
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in Spanish)). Only respondents six years and older could answer the survey and provided detailed
information about their trips performed the prior week for a randomly chosen weekday (Tuesday,
Wednesday, or Thursday) and Saturday.

For our analysis, the dataset is grouped into ride-hailing users (1,522 respondents) and non-
users (140,893 respondents) as shown in Table 1. We define a ride-hailing user as an individual
that reported at least one ride-hailing trip during the weekday or on Saturday. We construct three
variables to measure characteristics of the built environment of the district of residence of the
travel survey respondents, Transit Intensity, Trips within District, and Distance to Center. Transit
intensity corresponds to the proportion of public transport trips (considering all public transport
modes) relative to all trips made within a given district (considering all modes). Trips within
district of residence is a measure of the total trips in the sample that originate in one district and
finish in the same district. Distance to the center is the distance from the centroid of each district
to the Central district of the zone of study (ZMVM). Transit intensity, Trips Within District and
Distance to Center variables are defined at the district of residence of each individual. We calculate
the quartiles for each of these variables. Finally, Strata is a commonly used proxy for income and
socio-economic levels in the Latin American context (Cantillo-Garcia et al., 2019). The variable
assigns a value from 1 to 4 to assign a household’s socioeconomic status building on a combination
of socioeconomic and housing characteristics. As an aggregate measure, it provides only an
approximation based on the quality of housing materials and available facilities, as well as aspects
of individuals in the household associated with income. Strata 1 is often associated with lower-
income households and 4 corresponds to the highest socioeconomic status.

Table 1. Characteristics of the sample

Non-Users vs ride-

hailing users
Non-Users  Users
Observations 140893 1522
Variables: % %

Sex Male 48.42 41.98

Female 51.58 58.02

Age (10 - 15) 7.99 4.14

(15 - 20) 9.91 9.46

(20 - 30) 20.27 30.88

(30 - 40) 18.89 21.75

(40 - 50) 17.56 13.73

(50 - 60) 13.45 10.38

(>60) 11.93 9.66

Education Level Low Education 48.41 19.84
Middle

Education 29.58 26.15

High Education 22.00 54.01

12



NoupbhwnN

(o]

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Stratum 1 (Low) 0.86 0.13

2 (Medium) 57.04 26.22

3
(Medium/High) 30.46 42.12
4 (High) 11.64 31.54
Transit Intensity Low 25.34 16.75
Medium 25.49 21.22
Medium/High 24.96 31.60
High 24.20 30.42

Trips Within

District Low 21.57 51.25
Medium 25.21 24.44
Medium/High 26.29 14.32
High 26.93 9.99
Distance to Center First Ring 23.53 46.19
Second Ring 24.51 26.61
Third Ring 26.01 20.63
Fourth Ring 25.94 6.57

Notes: Transit Intensity quartiles: 1%t quartile goes from 1.9% to 30.5%; 2" quartiles from 30.5% to 34.5%; 3 quartile
from 34,5% to 38.9%; and 4" quartile from 38.9% to 64%. Trips Within District quartiles are as follows: 1% quartile
includes from 1.3% to ,31.3%; 2" quartile from 31.3% to 38.8%; 3 quartile from 38.8% to 46.8%; and 4™ quartile
from 46.8% to 85.7%. We calculate distance to center and report by quartiles, where the 1% quartile goes from 0 Km
to 1.1 km; the second quartile from 1.1 km to 16.2 km; and the 3" quartile from 16.2 Km to 24.8 Km; and the 4%
quartile from 24.8 Km to 59.2 Km.

Table 1 presents characteristics of variables used in our models and how they relate to ride-
hailing adoption and intensity. Although there are more females than males in the survey, there is
a slight increase in ride-hailing users who are female (58.0%) compared to non-user females
(51.6%). In terms of age, ride-hailing users have more people between 20 and 30 years old (30.9%)
than non-users (20.3%). 48.41% of the non-users and 19.8% of users have a low level of education.

Transit intensity is relatively equally distributed among the four categories in the case of
the non-users, with around 25% in each group. The case of the users is different, and it is skewed
towards more presence in the Medium/High category and the High category with 31.6% and
30.4%, respectively. Trips within District and distance to the center have a similar pattern.
Additional information about variables in the survey is presented in appendix A.

In the annex we include descriptive statistics for each of the modes where is possible to
observe that ride-hailing is composed mainly of door-to-door trips (trips with just one stage), with
91.69% of trips being a one-stage trip.

In Figure 2 we present the share of trips by gender according to all the purposes included
in the transport household survey. The plot at the top includes all the modes whilst the plot at the
bottom retains only ride-hailing trips. In general terms, males (63.12%) make more work trips than
females (36.88%) when all modes are analyzed, but the proportion reverse for ride-hailing trips
with males making 44.17% of the work trips and females 55.83%. This could be an indication that
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ride-hailing is, at some extent, being more instrumental for women than it is for men. In both plots
it is clear that women make more health trips as well as other trips.

Trips distribution by purpose and gender (all modes are being considered)

100%
90% 1
80% 1
70% 1

60% 1

50% 1
40%
30% 1
20%
10%

0%

Work Home Study Health Leisure Other

Male - Female
Trips distribution by purpose and gender (only for ride-hailing trips)

100%
90% 1
80% 1
70% 1
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Work Home Study Health Leisure Other

Male - Female

Figure 2 Trips distribution by purpose and gender

14



O 00 NO Ul B w N

NNNNNNRRRRRRRRRR
UDBWNROWOLKONOOODULEAE WNRERO

Trips distribution by mode and education level
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Figure 3 Distribution of trips by mode and education level

As mentioned before, prior literature has consistently found that higher levels of education
are associated with ride-hailing adoption. A similar pattern is found for Mexico City (see Figure
3) where 57.2% of TNCs users are highly educated, a number way above the percentage of highly
educated people for all the other modes. The closest mode is car with 45.56% of car users being
highly educated. The differences with all other modes are extremely large. For example, only
16.29% of Jitney commuters and 32.08% of metros users are highly educated. The categorical
models presented later also show that higher levels of education are related to engaging with ride-
hailing.

Household travel surveys have been used in the past to study ride-hailing. For example,
Dias et al., used the Puget Sound Regional Travel Study (Dias et al., 2017) and Jiao et al., used the
National Household Travel Survey (NHTS) from the United States (Jiao et al., 2020). In Toronto,
a study (Young et al., 2020) combined the 2016 Transportation Tomorrow Survey TTS with
OpenTripPlanner and GTFS to simulate travel times in different transport modes and make
comparisons with simulated ride-hailing trips. Also in Canada, another study (Habib, 2019) used
the TTS to investigate competition between Uber and other transport modes in the Greater Toronto
and Hamilton Areas.

4.2.Categorical Models

Turning to the modeling framework, the first model employed is at the individual level and
is a binary logistic regression where the outcome variable is one if the person is a ride-hailing user
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(as specified for Table 1) and zero otherwise. Mathematically, the logistic model has the following
form,

(x)

logit(n(x)) = log [1_n(x) =a+ B*xx (1)

ea+ﬁ*x
) = —armm @

where logit(n(x)) is the link function, a the intercept parameter, § a collection of
estimated parameters and x is a vector of covariates including built environment and demographic
variables, as discussed above.

The logistic model includes all variables in Table 1 plus occupation, relationship with the
head of household, vehicles in the households, number of children and elders in the household.
Other variables included to capture the complex mobility of each person were, i) percentage of
trips per different purposes (considering the weekday trips and the Saturday trips), ii) percentage
of trips at night, iii) total trips made by the entire household in a weekday, and iv) trips made by
the household on Saturday.

The second model, the multinomial, is a generalization of the logit model that allows the
outcome variable to have more than two categories. For our case, the outcome variable is the
primary mode used for each trip performed by the respondent, where in the case of car the traveler
could have either traveled as a passenger or as a driver. The multinomial model has a similar
specification to the one used for the logistic model, though there is a significant change. Since the
unit of analysis is at the trip level, we included the built environment variables by origin and
destination. We include for example, Transit Intensity for the District where the person lives but
also the Transit Intensity of the trip where the specific journey started and the Transit Intensity for
the District where that same trip ends. Moreover, we included travel time of each trip and an
interaction between gender and elders in the household.

5. Results
5.1. Ride-hailing adopters vs. Non-Adopters

The results for the logistic model of ride-hailing adoption is presented in Table 2. Several
demographic variables are important determinants of ride-hailing adoption. As expected and
discussed in the conceptual framework, gender is a significant variable, with the odds ratio of
making ride-hailing trips increasing by 34.9% if the traveler is a female (with reference to male).
This finding (an others from the multinomial model presented below) is different from standard
literature that has suggested that gender is not important or that males are more likely to engage in
ride-hailing. We think that this difference constitutes the main particularities of the ride-hailing
phenomena in Mexico City.

For the age variable, we assigned the category between 20 and 30 years old as the reference
category. As age increases, the magnitudes of the estimates reduce. This suggests that older
generations are least likely to adopt ride-hailing services and is similar to findings in international
literature. Interestingly, the age cohort between 10 and 15 years old increases the likelihood of
adopting ride-hailing services (odd ratio equals to 1.375). This could be an effect of parents relying
in TNCs to guarantee mobilities for their children.
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Table 2. Factors influencing ride-hailing adoption.

Estimate

Estimate
Gender Percentage Home Trips 0.514
Male reference (0.086)
reference Percentage Work Trips 0.924
1.349%** (0.172)
Female 0.082 0.560**
(0.082) Percentage Study Trips '
Age (0.163)
* *k*k
(10 to 15) 1.375 Percentage Leisure Trips 3.808
(0.242) (0.622)
1.152 . 9.908***
15to 20 Percentage Health Trips
( ) (0.432) g P (2.454)
(20 to 30) reference Percentage Other Trips 1.094
reference (0.208)
0.722%* : . 2.189***
30to 40 Percentage of Night Trips
( ) (0.058) g ght e (0.240)
(40 to 50) 0.05?);1 Strata f
il Satum 1 ence
(501060}~ 1 052 1.506
e Sraum2 ) o73
>60 0 067 (2.421)
. (0.067) Stratum 3 '
Occupation (1.727)
Employed reference Stratum 4 3.805
reference (2.721)
*kk
Had a Work but did not work 1.174 Cars in household 0.793
(0.369) (0.029)
Unemployed - Looking for a job 0.395 Motos in household 1.063
(0.135) (0.087)
Student 0.924 Kids (under 5 years) 0.953
(0.112) (0.052)
Househusband/housewife 0.892 Elders (Above 65 years) 0.989
(0.096) (0.053)
*k%
Retired 0.883 Trips in Weekday (Home Level) 0.971
(0.135) (0.010)
Cannot work for life 0.963 Trips on Saturday (Home Level) 1.007
(0.407) (0.012)
T itl i
Does not have a job 0.855 ransit Intensity
(0.116) reference
. Low
Education reference
Low Educated reference Medium 1.024
reference (0.094)
*k% *
Medium Educated 1.665 Medium/High 1.168
(0.143) (0.102)
High Educated 3.409 High 0.958
(0.294) (0.085)
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Relationship with the head of Trips Within District

household
Head reference Low
reference
Partner 1.022 Medium
(0.090)
Son/Daughter 0.908 Medium/High
(0.082)
0.972 .
Grandson/granddaughter High
g ¢ (0.181) g
1.255** Distance to Centre (District of the HH)
Other 0.138
(0.138) First Ring
— 1.894*+*
No kinship 0.364
1(2'35**)* Second Ring
Trips on Saturday (Individual) '0039
i 666*1 Third Ring
Trips on Weekday (Individual) (’)031
(0.031) Fourth Ring
Constant
Observations 142,415

reference
reference
0.641x**
(0.045)
0.491***
(0.045)
0.585***
(0.070)

reference
reference
0.852**
(0.060)
0.744%*=*
(0.060)
0.317***
(0.041)
0.005***
(0.004)

Notes: Adoption refers to using a TNC at least once in the reference week. Results from logistic model. Odds ratio are
presented. P values were calculated with original estimates. Statistical significance as follows: *** p<0.01, ** p<0.05, * p<0.1.

Standard errors in parentheses. Chi Square for the model: 2161.88***, Pseudo R2 for the model: 0.13.

As many previews studies in developed countries have highlighted, education is also one
of the more influential variables on ride-hailing adoption in Mexico City. Compared to less
educated individuals, those with more education are significantly more likely to adopt ride-hailing,
with an estimated increase of 66.5% (statistically significant at the 1% level) in using ride-hailing
for medium educated users and by 241% (statistically significant at the 1% level) for high educated
users. The coefficient for the number of trips a person performs suggests that for an additional trip
in a weekday, the odds ratio of using ride-hailing against not using it grows by 6.6%, but for extra
trips on a Saturday, the growth is substantially more (of 23.5%). It is important to note that there
could be an endogenous relationship here in which the availability of ride-hailing could increase
the demand for mobility or meet latent demand.

In terms of trip purpose, the percent of household trips to return home or to study is
statistically less likely to be made in ride-hailing. Tours with the purpose of study, work, or come
back home are considered regular trips. On the other hand, leisure, and health tips, as well as trips
at night, are connected to less frequent trips or random trips. This group of variables has a positive
effect on ride-hailing use, a finding also connected to previews literature and reflecting that ride-
hailing is instrumental for not usual trips

Also in line with international literature, the highest stratum is one of the main variables
explaining ride-hailing adoption. Stratum 4, when compared to Stratum 1, has an effect of 3.805.

Transit intensity in the district of residence does not have any effect on ride-hailing use in
the week prior. However, the estimates for distance to center and trips within district variables
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suggest that living closer to the center increases the probability of ride-hailing adoption. People
living in districts far away from the city’s historical center are less likely to use ride-hailing.
Relative to the first ring, those living in the second ring, are estimated to have an odds ratio of
85.2% and among those living in the fourth ring the odds decrease to 31.7%.

We tested additional models adding interactions between gender and other key variables
such as number of children in the household, elders in the household, stratum, and education level.
Nevertheless, results were not significant, and all the other estimates remained similar indicating
that gender impacts on ride hailing may be mediated through more complex factors such as quality
and coverage of public transit or other available modes, built environment, and perceptions of
security and vulnerability.

5.2.Ride-hailing vs. other modes

In Table 3 we present the results of the multinomial model estimation. For brevity, we
present a reduced version of the full output, including mostly the main, statistically significant
results. In the appendix C we show the full version of the output. Recall that for this model the
outcome variable is the individual level primary mode for a given trip.

Results for gender are not significant for Jitney, BRT, and Walking. Only for the case of
Taxi being a female reduces the probability of ride-hailing (odds ratio of 1.3), in all the other
modes the estimate is significant and towards the opposi