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Abstract

Dockless bikesharing systems are not only a billion-dollar business but are also supposed to
be the solution to a variety of the world’s most pressing problems in urban environments.
It is not only a sustainable, efficient, healthy and convenient way of transportation but also
bears many environmental and socioeconomic benefits that can supposedly solve the “first
and last mile” problem. Even though bikesharing has been around for more than half a
century, due to the development of the fourth generation bikesharing, there has been a
recent explosion in the number of shared bikes as well as bikesharing programs. Dockless
bikesharing is especially popular in China which is home to more than half of the global
bikeshare fleet, however, research activity does not reflect this. Much previous research
has tried to assess the impact of bikesharing on the reduction of car use and whether it
causes people to change their travel behavior. Yet, no consensus has been found among
researchers. To fill this research gap, this paper analyzed the modal shift impacts of dockless
bikesharing in Beijing through an online survey. Results show 85% of the respondents have
at least replaced some of the trips they have previously done by car with bikesharing in
combination with public transport services. Furthermore, one out of five respondents now
drive a car less frequently and more than half use taxi or car sharing services less often as a
result of using bikesharing. Despite all the problem of dockless bikesharing, from a societal
point of view, the benefits of bikesharing definitely outweigh the negative aspects and
cannot only completely change the way we travel but also improve the living quality of
many people.
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l. Introduction

Dockless bikesharing systems are not only a billion-dollar business but are also supposed to
be the solution to a variety of the world’s most pressing problems in urban environments. In
less than two years, the number of shared bike users rose from merely 28 million to 209
million in China alone and the streets of Beijing are filled with more than 2.35 million shared
bikes to rent from 15 different companies as of 2017 (Yang, 2017). Not only is cycling a more
sustainable and "green" mode of transportation but it is also faster and more convenient
compared to walking or taking the bus while providing increased reliability. In contrast to taxi
and private bicycles, travel costs are reduced, and users do not need to worry about theft and
maintenance (Zhou, Ni, & Zhang, 2018).

While some researchers speak of the use of shared bikes as an efficient alternative and
competitor to public transit, from the government’s point of view bike sharing provides an
affordable complement to the public transport system and creates welfare for the citizens
(Lohry & Yiu, 2015). In addition to relieving the load on the transport network, bike sharing
systems also lead to a reduction in carbon dioxide emissions (CO;) as well as road congestions
by reducing private vehicle usage. Increasing bikesharing is also considered as a good strategy
to tackle health and obesity issues (Friedman, 2017). Through the use of shared bikes, users,
especially low-income commuters, can also cut down their travel time and save costs thus
making transportation affordable and attainable for people of all incomes (Friedman, 2017).

Bikesharing is not a new concept and has been around for several decades. The
traditional form of bikesharing consists of bikes that can be rented from fixed spots in the city
and have to be returned to those so-called docking stations. Nowadays, the recent growth of
bikeshare and what has ultimately led to a revival of bicycle use around the world is the fourth
generation of bikesharing systems. Characterized by its dockless nature which can be accessed
by people from everywhere (Zhang Y., 2017), they provide greater flexibility and increased
convenience for its users compared to shared bikes with fixed docking stations (Chang, Song,
He, & Qiu, 2018).

What is remarkable and groundbreaking about shared bikes is that they have "the
potential to change user behavior, [...] in the same way that people who would never have
previously even ridden a bike might now consider riding one" (Jordan, 2018). Many previous
studies have found that bikesharing systems across many cities including in Beijing, Shanghai,
and Hangzhou can encourage modal shifts and induce users to switch from public transit and
trips made by car to bikesharing (Zhu, Pang, Wang, & Timmermans, 2013). However, other
researchers obtained data that suggest this is seldom the case and the effect of bikesharing in
replacing private vehicle trips has been less than expected (Fishman E. , 2016).

In fact, evidence from London, Washington DC and Dublin have shown very low modal
shift rates from private vehicle trips to bikesharing systems (Fishman, Washington, & Haworth,
2013) and if people cycle instead of walking, then there are no reductions in greenhouse gas
emissions (GHGs). Furthermore, the environmental effect can even be negative. If many
people stop using public transit especially in low-density areas, it can become financially
unsustainable resulting in cutbacks of less profitable, unattractive routes (Reinhold & Kearny,
2008). Due to a cancellation of those busses, former bus users who were still relying on the
service might either start using the private car now or be more isolated than before if they do
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not own a car. 1.5 million people are actually affected by “transport poverty” In the UK alone
(Poverty and Social Exclusion, n.d.). Especially, older or handicapped people might be
negatively affected, and it could result in a decrease in their accessibility and quality of life
leading to higher social costs. This is an issue that affects many countries since public transit
networks have to reach a certain minimum level of usage. Otherwise, they are underused and
could become too expensive to operate.

There is no country that has the bikeshare scale of China with more than 64% of the
global bikeshare fleet in Chinese urban areas as of early 2013 and by now this number has
already increased even more (Larsen, 2013). Yet, research activity does not reflect this, and
researchers need to put a much greater focus on Chinese bikesharing systems as its enormous
scale, high population density and speed of expansion may provide interesting insights and
valuable lessons for bikesharing operators and local authorities in other countries (Fishman
E. , 2016). Therefore, this paper also aims to fill this research gap and extend the existing
literature by examining the case of Beijing.

Like many other countries, China is suffering extremely from the negative
consequences of an over-reliance on motor vehicles and the private car has become the
primary mode of transportation. Due to increased living standards and a large proportion of
the population becoming wealthier, ownership and the use of motor vehicles have increased
dramatically in China (Zhao, 2014) causing high CO; and leading to unbearably high levels of
air pollution (Zhang, Zhang, Duan, & Bryde, 2015). Many studies have proven that “long-term
exposure to combustion-related fine particulate air pollution” is one of the main factors for
lung cancer and cardiopulmonary mortality (Arden Pope lll, et al., 2002). According to the
South China Morning Post, there were nearly 4.3 million new cancer patients in China in 2015,
and 730,000 cases were of lung cancer, accounting for 36 percent of the world’s total (Reuters,
2017).

Due to the mixed conclusions on bikesharing's impact on modal shifts, it is therefore
absolutely necessary to conduct further research to shed light on this issue. Not only the
bikesharing operators but also the government need to understand when people actually
change their travel behavior and what effects it might have on the society. Therefore, this
thesis will contribute to the existing literature by examining the performance and impact of
bikesharing more closely. If bikesharing systems are successfully integrated into the public
transport system, it might be a cheap, convenient, healthy and green solution to all the
aforementioned problems (Chang, Song, He, & Qiu, 2018). This makes it a highly socially and
scientifically relevant topic that needs more attention from researchers. By carrying out this
research and analyzing the case of Beijing, the knowledge gap which hopefully be filled.
Therefore, the following research question is proposed:

To what extent does bikesharing reduce car use and what are the modal shift impacts in
Beijing?

This thesis reviews recent literature across a broad range of topics concerning
bikesharing, including recent trends of the sharing economy, the history and recent growth of
bikesharing, its benefits, usage patterns, user preferences, operation models, barriers, and
challenges. Papers examining the impacts of bikesharing are also reviewed, as well as the
problems and challenges of rebalancing. Last but not least, an analysis based on survey data



from Beijing with the modal shift rates from public transit, walking, cars, and taxis will provide
more insights on the how bikesharing is changing cities. Finally, the last section will draw
conclusions, highlight the study limitations and provide recommendations for future research.

1. Literature Review

Background information
a. Sharing economy: shared housing, cars and now bikes

In recent years, the concept of the sharing economy has become increasingly popular and
people's perception and attitudes towards sharing goods and services with strangers have
changed considerably (Cohen & Kietzmann, 2014). People are not only willing to share certain
things with their friends but also with people they have never met to contribute to our
environment and making our world more sustainable.

There are many different business models associated with the sharing economy which
are based on a collaborative consumption lifestyle including sharing living spaces, bikes, cars,
and rides in general (Botsman, 2013). Especially sharing on-demand basis rides is just starting
to gain widespread acceptance and market share and promises to mitigate a number of
problems in densely populated cities struggling with limited space and population growth.
Sharing vehicles create many benefits for the public good and urban sustainability such as
reducing inner-city traffic, congestion and air pollution problems (Ma, Lan, Thornton,
Mangalagiu, & Zhu, 2018). While some researchers argue that the success of these sharing
business models was mainly driven by increasing environmental consciousness and a more
economical way of spending after the global economic crisis in 2008, the digital technologies
and how information and big data are analyzed have also contributed to it tremendously.

Especially, the diffusion of the Internet, higher smartphone ownership, and increased
credit card penetration rate have facilitated the rapid development and scalability of sharing
economy businesses (Zhang Y., 2017). Those businesses often provide a platform acting as
intermediaries between participants and thereby mitigating risks and building trust among
strangers. By providing individuals with information and matching excess supply and demand
for goods, resources can be used more efficiently. Furthermore, idle capacity is the foundation
of the sharing economy (Tucker, 2017). The sharing economy utilizes the excess capacity
created by the unused cars, bikes and living space and the resulting positive externalities
associated with networking effects also benefit the society as a whole (Chris, 2017).

However, the sharing economy has also been criticized for not really being about
“sharing” but more about consumers paying to gain “access” to other people’s or companies’
goods or services for predetermined period of time. Especially bikesharing has often been the
target of discussion for not being part of the sharing economy because the operators own all
the bikes and are responsible for the maintenance and replacement of bikes. In that sense no
assets or costs are being shared between the users (Towson, 2017). In fact, bikesharing is
heavily denounced for adding additional excess capacity by producing and dumping millions
of bikes into the city instead of making use of the existing (private) bicycle fleet or replacing
the private car. Not only does this lead to heaps of unused bikes being abandoned and thrown
away creating many so-called "bicycle graveyards" but they also destroy the beauty and
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aesthetic aspects of the city environment through overcrowding important locations (Mead,
2017).

On the other hand, Zhang Yangi, the COO of Ofo, one of the largest bikesharing
companies, disagrees. He explains that when Ofo was first launched at the campus of Peking
University in Beijing, it was actually based on a model in which people would gain access to
the system by donating their personal bikes. However, not many people were willing to do so,
and demand for the shared bikes grew very fast. Hence, they started bringing new bikes to
the consumers but those are bikes manufacturers were planning to sell to the market anyway
(Zzhang Y., 2017). Zhang argues that shared bikes are 20 times more efficient than private
bikes and his argument has been confirmed by findings from many other bikesharing systems
such as in Antwerpen, Lyon, Hohot, Zhuzhou and Taiyuan where the average rental per bike
per day is between 5 and 8.82 with Hohot being the most efficient system (Lohry & Yiu, 2015).
A higher turnover translates into higher efficiency meaning fewer bikes are needed to provide
the same mobility to users. Therefore, resources are actually being shared which is aligned
with the idea of the sharing economy.

According to eMarketer, it is nonetheless true that many users seem to prefer “access
over ownership” since ownership is often more expensive, and they just seek a cost-effective
and convenient user experience (eMarketer, 2015). After all, it is an economic exchange
where certain parties also make a profit. Consumers care less about building social
relationships with other consumers or creating value for the society but more about
maximizing their own utility (Eckhardt & Bardhi, 2015). This has important implications for the
success and competition between companies operating in this sharing economy space. In
accordance with this, companies which create the highest consumer surplus by providing
maximum convenience at the lowest costs and the best value for money such as Uber can win
over more customers and have a competitive advantage over firms providing identical services
like Lyft that emphasize on the people and community aspect (Altrock & Suh, 2017).

US Adult Sharing Economy Users and Penetration,
2016-2021
millions and % of adult internet users

86.5

2016 2017 2018 2019 2020 2021
M Adult sharing economy users M °% of adult internet users

Note: individuals ages 18+ who have used their account for a
community-based online service that coordinates peer-to-peer paid access
to property, goods and services (e.g., Airbnb, Uber) at least once during the
calendar year; excludes crowdsourcing, group buying, incorporated
professional services and online marketplaces

Source: eMarketer, July 2017
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Figure 1 US Adult Sharing Economy Actual and Estimated Users and Penetration Rate,
2016-2021




b. History and Recent Growth

Up until now, there have been three bikesharing generations that ultimately led to the
development of the fourth generation. The fourth generation is characterized by dockless
bikes that can be picked up and left anywhere and do not need to be returned to fixed docking
stations. This new generation was first introduced in China about four years ago and has since
then attracted large media coverage. Reasons for this worldwide interest of dockless
bikesharing is due to its increased flexibility and convenience. It can provide an even better
solution to solving the “first and last mile” connection problem to other (public) transit modes
compared to the previous generations and has the power to alter the way people commute
in the city (Fishman E., 2016).

c. Generations of Bikeshare

The first generation of bikesharing was originally a concept from the 1960s and the Witte
Fietsen (White Bikes) were first adopted in 1965 in Amsterdam. This first attempt at providing
bikes for public use failed miserably as there were no payment or security functions of the
bikes. Due to vandalism and theft such as throwing the bikes into canals or people
appropriating them for private use, the program collapsed only within a couple of days after
its launch (DeMaio, 2009).

Thereafter, the second generation of bikesharing emerged in 1991 in Farsg and Gren3,
Denmark but was relatively small with only a few bikes and stations (Nielse, 1993). Only in
1995, a larger scale second generation bikesharing program was introduced in Copenhagen
based on a coin deposit system which was similar to trolleys at supermarkets. Even though
there were many improvements compared to the first generation, theft was still a huge
challenge due to the anonymity of users.

The third generation evolved as a result of the previously encountered problems of the
first two generations and was first seen in Portsmouth University in the U.K. which was only
intended for students to use on campus. This generation of bikesharing was characterized by
many technological improvements including dedicated docking stations where bikes were
picked up and returned, smart card payment (through magnetic stripe or credit cards) and
bicycle tracking systems (DeMaio, 2009).

During the late 90s and early 00s, bikesharing only grew slowly and the breaking point in
the bikesharing history was not until 2007 when Paris launched its own bikesharing program.
That program attracted tremendous interest from all around the world including emerging
economies such as Brazil and China (DeMaio, 2009). The fourth generation bikesharing system
includes all the perks and main components of the third generation but is more focused on
being a link to other (public) transit modes through its dockless nature. Due to many bikes
being conveniently parked near transit stations, they facilitate the purpose of perfect
integration with public transportation and other alternative modes including car-sharing and
taxis (Shaheen & Guzman, 2011).

d. Bikesharing’s Recent Growth



800
= Total bikeshare cities
7004 = Systems added per year

Bikeshare cities

0- : " . : .
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figure 2 Growth in Bikeshare Cities (1998-2013)

Over the past 20 years, the number of cities with bikesharing programs as well as the global
number of public use bicycles has increased drastically. From a mere 13 bikesharing systems
in 2004, the number has jumped to 855 in 2014 and the number of shared bikes has reached
more than 2 million by 2016 (Meddin & DeMaio, 2015). In China alone, there were an
estimated 1,000,000 shared bikes in 2016 and this number has more than doubled reaching
more than 2,35 million by the end of 2017. In the capital city, there are also more than 430
public use bicycle programs, twice as much as Italy which has the next closest number of
bikesharing systems, at 147, and by far more than the US with 109, 76 in Germany and 68 in
Spain (Meddin R., 2017).

TECH 4 CHART OF THE DAY

The global rise of bike-sharing

Number of public use bicycles in the world Top 5 countries by number of public-use
bicycle programs, 2016
2.5M 500
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Figure 3 The Number of Public Use Bicycles in the World (2013-2016) and the Top Five
Countries by Number of Public-Use Bicycle Programs as of 2016
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Furthermore, even though bikesharing has become increasingly popular in Asia
(Appendix Figure 1) and the number of bikesharing programs has been rising, it is remarkable
that only two out of the top ten countries with the most bikesharing programs are in Asia,
namely in China and Japan (Figure 4). With its sheer number of bikes, China is by far the leader
in bikesharing as “three out of four of the world’s bike-share bikes are in that nation”
(Goodyear, 2015). The success of bikesharing systems in China could be due to a number of
reasons which will be discussed more closely in the upcoming sections. Just to name a few,
these reasons could include low production and labor costs, high population density, lower
user charges compared to systems in other countries and the city infrastructure.

Public Use Bicycle Programs
top ten countries, year end 2016

Switzerland, 36, 3%
France, 37, 3%

Spain, 68, 6%

China, 430, 37%

| Germany, 76, 6% N

USA, 109, 9%

Italy, 147, 13%

Other, 205, 17%
D@BikesharingMap
www.bikesharingmap.com
Data collected and maintained by Russell Meddin

Figure 4 Number of Public Use Bicycle Programs of the Top Ten Countries, 2016

Multiple benefits of bike sharing systems

One of the reasons why bikesharing has become so widespread and popular worldwide are
the multiple benefits associated with bike sharing systems and cycling in general.

a. Environmental benefits

Due to increasingly higher living standards, a growing middle class and increased affordability
of cars in the last decades in China, vehicle ownership and in particular car ownership have
been rising. Car traffic, as well as the total number of kilometers, traveled in private cars
increased drastically which might be caused by the comfort, speed, and convenience it
provides and that there is no equal substitute. Contrary to Europe or North America, a car is
rather seen as a status symbol representing fortune and social class than just a form of
transportation said Hu Xingdou, economics professor at Beijing Institute of Technology (Watts,
2011). In a generation’s time, China, which has been known as ‘the kingdom of bicycles’ for
decades, has transformed itself into a lucrative market for many foreign luxury car brands.



Whereas in the 1980s, a bike was considered as one of the ‘must haves’ for couples
getting married, the private car has replaced the bicycle and also its role for commuting and
transportation purposes (Zhao, 2014). In many densely populated Chinese cities where
congestion has become a day to day norm, roads are clogged with supercars. Despite the
average rush-hour speed of around 25kmph in the capital city, the luxury car market with
300kmph cars shows no sign of decline (Addison, 2009).

According to IBM’s Global Commuter Pain survey, 95 and 84 percent of respondents
in Beijing reported that roadway traffic has negatively affected their health and work or school
performance respectively. Furthermore, seven out of 10 drivers have even turned around and
given up on reaching their destination because the traffic jam has been so bad in Beijing (Plant,
2010).

China has also been experiencing large economic losses due to congestion and the
resulting air pollution and health issues (Lohry & Yiu, 2015). Therefore, reducing car use and
finding feasible alternatives which can relieve the transportation network are necessary for
creating and maintaining a sustainable urban environment. To mitigate the negative effects
of congestion, local authorities have made use of behavioral economics principles to change
people’s behavior such as informing the car drivers about the fuel costs they have incurred
after each ride they have taken.

Based on the diminishing sensitivity to gains and losses, one of the four basic elements
of Prospect Theory, developed by Kahneman and Tversky (1979), the psychological damage
and emotional effect of having to pay the fuel costs is higher than the fulfillment from gaining
the same amount of money (Kahneman & Tversky, 1979). Therefore, being constantly
reminded of this information creates awareness and urges the drivers to try to minimize these
costs. As a result, the car users save costs for themselves through increased physical activity,
but other drivers and the society will also benefit from less congestion and a reduction in CO3
emissions (Assem, 2013). Furthermore, a number of transport demand management
strategies (TDM) have been implemented as well (Gérling, et al., 2002). Examples of adopted
TDM strategies in China include vehicle quota systems, number-based license restrictions and
parking management (Lohry & Yiu, 2015).

In summary, researchers have argued that public bikesharing programs are one of the
best ways to help reduce car use as it strengthens the public transit network and can act as a
complement to existing metro and bus systems. The Institute for Transportation and
Development Policy has previously estimated the potential total reduction in emissions from
urban transportation could be up to 50% but only if cities would actively implement policies
promoting sustainable alternative travel modes (Schmitt, 2015).

If the impact of bikesharing on modal shifts is as large as some researchers have
claimed, then it could possibly lead to noticeable GHGs reductions. Nevertheless, increasing
cycling activities alone will not be sufficient to reach “the goal of limiting climate change below
2°C” (European Commission, 2011). According to the World Resources Institute, about 70% of
the world’s GHGs originate from cities and the transport sector is also an increasing source of
GHGs (Jiang, 2018). To reach the climate change goals of the EU, the transport sector needs
to cut its GHGs by at least 60% by 2050 (European Commission, 2011). But exact estimations
of CO; emissions in transportation are difficult to make considering that several assumptions
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and boundary conditions and many different approaches how to estimate emissions exist
(Rudolph, 2014).

Even though bikesharing is extremely attractive as a result of its flexibility and low
usage costs, it is mainly limited to short distances. However, the environmental benefits are
especially prevalent when bikesharing systems are integrated with a city’s public transit
system, thereby extending its use to larger distances which are not limited to the city center
alone. A combination of bikesharing and other transport modes does not only encourage the
use of public transport but also facilitates multimodal transport connections (Lohry & Yiu,
2015).

a. Socioeconomic benefits

Apart from the environmental benefits and cost savings for its users, bikesharing systems also
bear an abundance of socioeconomic benefits. Bikesharing cannot only lead to modal changes
through the ease of multimodal trips but also facilitates people to undertake trips they
previously did not undertake (Jordan, 2018). Thus, bikesharing creates a number of new trips
in addition to solely replacing or reducing car and public transit use and enriches people’s lives.
It is also an excellent way to solve transport poverty through providing accessibility and
connectivity to rural communities such as the outskirts and suburbs in London (Velaga,
Beecroft, Nelson, Corsar, & Edwards, 2012). In Washington DC and in Berlin bikesharing also
increases the accessibility to jobs and education because more jobs and schools can be
reached within a 30-minute commute (Mobike, 2018)

Bikesharing is effective and efficient way to overcome short distances that are too long
to walk but too short for driving or taxi services. Thus, many people use bikesharing services
to travel between their home or workplace and the nearest public transport station. This is
also known as the “first and last mile” problem and bikesharing has often been quoted as an
effective solution due to its low cost and flexible character (Shaheen, Guzman, & Zhang, 2010).
Furthermore, bikesharing users do not need to bear the risks and responsibilities of owning a
private bicycle. The aforementioned can be especially handy because users do not have to
deal with the repair/replacement costs in case their bicycle has been damaged or stolen.

In addition, evidence suggests that bikesharing can also create social benefits for
communities such as increasing the accessibility of low-income groups in London. Even though
only a small proportion of trips are made by users from ‘highly-deprived areas’, an adequately
priced and affordable bikesharing system can encourage residents of poorer areas to use
shared bikes more frequently (Goodman & Cheshire, 2014). Thus, placing dockless bikes into
these neighborhoods makes them attractive and keeping the usage fee relatively affordable
compared to other alternative travel modes is especially rewarding. Therefore, in order to
maximize a bikesharing program’s ability to create benefits and make transportation more
equitable, bikesharing needs to be accessible in both rich and poor neighborhoods and have
affordable prices.

Furthermore, introducing ‘casual’ trips along with trips just for commuting purposes
also encourages the participation of female users (Goodman & Cheshire, 2014) as researchers
have found that there is a significantly higher proportion of male users among many cities’
registered users of bikesharing schemes (Fishman E. , 2016).
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b. Health benefits

There have been a number of studies carried out that investigate the health benefits and risks
associated with cycling and reduced car travel. Although there are a number of health benefits
when people switch from motor vehicles to cycling, due to the higher levels of physical activity,
there are also some health risks that cannot be ignored in the analysis. The most prevalent
ones are caused by a higher exposure to pollution and a risk of traffic accidents (Hartog,
Boogaard, Nijland, & Hoek, 2010). Speaking of bike accidents, one of the biggest constraints
to cycling is people being concerned about their safety when cycling. Especially in countries
with lower cycling and higher car use rates and a larger gender disparity in bicycle use, safety
concerns are a major barrier to bicycling (Garrard, Crawford, & Hakman, 2006; Goldsmith,
1992).

Nevertheless, from a societal point of view, the estimated overall health benefits from
users engaging in more cycling activities outweigh the risks. The resulting reductions in air
pollution, GHGs and fewer (car) accidents lead to a positive net effect on the public health of
the society (Hartog, Boogaard, Nijland, & Hoek, 2010). As Nazelle, Tainio, and Nieuwenhuijsen
(2011) have shown in their health impact assessment study based on Barcelona’s public
bicycle programme with 182062 people (11% of the population in the municipality of
Barcelona) subscribed by August 2009, the annual number of deaths avoided decreased by
12.28 from 52.15 to 39.87. As a result of the increased physical activity and a higher number
of cycling journeys, there is an estimated reduction in CO2 emissions of 9 062 344kg (Nazelle,
Tainio, & Nieuwenhuijsen, 2011). These results were also confirmed by other researchers. In
a study it was estimated that the total benefits and savings from avoided mortality and
reduced health care costs due to better air quality and improved physical fitness to exceed S8
billion/year in the US alone simply by replacing 50% of short car trips with cycling (Grabow, et
al., 2012).

Furthermore, cycling also increases the cardiovascular activities and helps to reduce
the risk of diabetes (Handy, Wee, & Kroesen, 2014). Especially in China, where almost half of
the Chinese adults have prediabetes or diabetes, the associated benefits of increased physical
activity could potentially reduce health care cost significantly (Jenkins, 2017). Results from a
nationwide cross-sectional analysis conducted in 2013 showed that about 11 percent have a
high prevalence of diabetes and roughly 36 percent have prediabetes. With roughly 1.09
billion adults living in China, about 388 million people are estimated to suffer from prediabetes
(Wang, et al., 2017).

Considering that bikesharing is also a form of cycling and it has the potential to
encourage people to start riding a bike who have previously not done so (Jordan, 2018), it can
completely change how people commute and travel and improve public health tremendously
across the world.

Problems of the fourth generation of bikesharing: dockless system

a. Sidewalk clutter and oversaturated supply of bikes
With increased convenience and flexibility, the fourth generation of bikesharing brings, there
are also a number of severe problems it is currently facing. In cities with a high population

density, where pedestrian space such as sidewalks is insufficient, the dockless bikesharing
system will most likely not be able to expand at its current pace. Either the operating costs
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will be too high, or the rebalancing and distribution of shared bikes will be too slow causing
people unable to use it or there will actually be an oversupply of bikes causing sidewalk clutter
(O'Brien, 2018). The latter one is currently posing an extreme challenge to the Chinese
government.

As the number of shared bikes approaches a million in several cities each, over a dozen
local authorities have already banned the issue and deployment of new shared bicycles
including in Guangzhou, Beijing, Shanghai, Nanjing, Hangzhou, Fuzhou, Lanzhou, and
Zhengzhou (Nakamura, 2017). Thousands of broken and unused bicycles have been dumped
in suburbs and have been abandoned in abundance creating “bike graveyards” across China
(Zhecheng, 2017).

Figure 5 Dockless Bike Graveyard

b. Theft, vandalism, and quality of bicycles

Theft and vandalism have always been posing a great challenge on bikesharing companies
ever since the first generation of bikesharing (DeMaio, 2009). Over the years and with
technological advancements such as smart locks and GPS location tracking, the damage and
loss have been mitigated. However, not all bikesharing operators also make use of the smart-
lock technologies. As opposed to most bikesharing companies, Ofo, one of the largest
operators, uses a mechanic locks for its bikes. With no GPS tracking, Ofo users cannot access
the location of the bikes and it depends on pure luck to find one causing a lot of frustration
for users. Furthermore, with the simple mechanic lock, the pin that users need to enter to
unlock a bike upon scanning the QR code of the corresponding bike does not change.
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Figure 6 Unlocking a Dockless Bike from Ofo Through Scanning the QR Code

Despite the disadvantages of Ofo’s simple bicycle model, this strategy also has its
benefits. In addition to having an extremely high expansion rate, they reduced their
production time, and cut down their production costs by 50 percent compared to other
bikesharing operators.

However, Ofo’s fast success did not come for free and their fast expansion strategy
also has its downsides. Media has reported many cases of theft and users’ irresponsible
handling of the shared bikes. One of the reasons is the lack of GPS location tracking which is
why once a bike is put out there, it is extremely difficult for Ofo to find and locate them and
undertake maintenance work. Local residents have been spotted taking bikes home, putting
a personal lock on it, selling them either on the black market or even exporting to other
countries. Cases in which people would manipulate the system and commit fraud by linking
the QR codes to their personal bank accounts have also been reported. This kind of bad
behavior does not only damage the reputation of bikesharing companies but also cause
immense losses (Hernandez, 2017).

Therefore, the Chinese government now requires users to use their real name upon
registration and to provide a form of identification. After the fatal death of a 10-year-old child
in Shanghai who was killed by a bus while riding a shared bike and many other incidents, the
public strongly urged the government to enforce stricter regulations on the bikesharing
industry. To protect children and avoid any legal disputes about the legal liability in case
minors encounter an accident or get injured, the government also prohibited users below 12
years old (also legal cycling age in China) to create an account or use a shared bike on their
own. Many firms have also adopted better safety measures (Ni, 2017).

Rebalancing

Rebalancing is another important aspect of bikesharing that has attracted a lot of research
attention. Successful rebalancing operations are not only one of the key success factors of the
bikesharing system but also in reducing operating costs and enhancing user experience (Pal &
Zhang, 2017). When successfully carried out, rebalancing is also able to reduce the idle time
of bicycles and increase system efficiency (Chang, Song, He, & Qiu, 2018).
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Since the convenience of dockless bikesharing originates from having bicycles located
all across the city, rebalancing is inevitable because the users move the bicycles around from
residential to commercial zones and vice versa. It is not unusual that during the morning and
evening peak hours (before and after work/school/university) the supply of bikes is
insufficient while many bicycles remain unused during the day. Consequently, some locations
will be occupied with lots of bicycles while others are completely empty resulting in lower user
satisfaction due to the lack of reliability. This imposes tremendous costs on the bikesharing
providers.

For this reason, the bicycles need to be manually redistributed throughout the city
using specially designed trucks (Pal & Zhang, 2017). On the one hand, rebalancing creates jobs
that were not there before but on the other hand, it takes up a great portion of the expenses
of bikesharing operators. Besides the "tidal flows", a number of other aspects also influence
the usage of bikesharing including the weather conditions (rain, snow, sun and seasons),
weekday compared with the weekend, hilliness and urban density (Fishman E. , 2016; Cui,
2018).

Rebalancing is often one of the largest challenges for the bikesharing operator because
they have to minimize the financial and environmental costs while trying to serve as many
users as possible. Therefore, apart from manually redistributing the bikes, many bikesharing
operators also aim to incentivize their users to self-rebalance the bikes by providing reduced
usage fees for moving bikes from and to certain locations. This kind of rebalancing with a
considerable amount of user intervention is called dynamic rebalancing as opposed to static
rebalancing when the bikesharing operator takes full responsibility (Pal & Zhang, 2017).

Operation models of bike sharing systems in China

From a government perspective, public transportation networks and transit services have the
purpose of providing accessibility for all citizens. Therefore, they are expected to cover as
many areas as possible to ensure geographic equity. As a consequence, most public transit
systems would be unprofitable because they do not produce enough income through ticket
revenue to cover the operational costs (Buehler & Pucher, 2011).

In an unregulated free market, transit agencies would only focus their expansions in
“areas with greatest ridership potential” and unprofitable services in fringe areas would be
cut. As analyzed by Reinhold and Kearny (2008), German public transport operators have
aimed their attention on routes that are profitable and attractive with lots of users while
curtailing their services on less busy routes. However, this comes at the expense of certain
groups as the accessibility of low-income residents or car-less households living in remote or
isolated locations will be limited.

Thus, most governments still have to heavily subsidize the less profitable public
transport to ensure that there is no loss in the quality of life of certain groups (Buehler &
Pucher, 2011). This is the main reason why almost all transport companies are state-owned-
enterprises (SOEs) in China. Over the years, a number of business models with various degrees
of stakeholder involvement and government control have emerged. Stakeholders include but
are not limited to the municipality or local government, communities, bikesharing operators,
advertising firms and organizations in the private sector (Zhang, Zhang, Duan, & Bryde, 2015).
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In China, the most prominent two are the government-run model (GR) and the public-private
partnership model (PPP) (Lohry & Yiu, 2015).

Researchers have suggested that operations models which are not-for-profit and
subsidized by the local government seem to be the most successful ones. Only these bike
providers have the ultimate goal to “reduce environmental impact, lessen traffic congestion,
enhance mobile connectivity, and finally improve public health” which are aligned with the
objectives of the government (Zhang, Zhang, Duan, & Bryde, 2015).

As Castro explains bikesharing works just like another segment of the public transport
network and therefore the city needs to be involved with the planning. If the bikesharing
system is not subsidized by the local government, the degree of control the municipality is
able to exert on the bike operators is also limited. This could potentially create problems when
it comes to expansion plans of bikesharing into residential areas apart from just providing the
service in the city center. With less control there is a high risk that it might lead to uncontrolled
expansion. Thus, municipalities should subsidize bikesharing schemes as much as possible in
order to be able to influence the direction of the bikesharing development in the future
(Castro, 2017).

O'Dwyer who is from Urbo, a bikesharing operator in Dublin, holds the same opinion
that no subsidies from the local government makes the city lose its control over the
bikesharing system. As a result, bikesharing might not benefit as many people as it possibly
can due to a profit-maximizing strategy. Therefore, he suggests the city councils to take a
higher level of ownership and plan it as a subsidized system with a public perspective rather
than taking a Laissez-faire approach and letting the free market do (O'Dwyer, 2017).

On the other hand, for a bikesharing operator to survive in the long-term and have
sustainable growth, a suitable market is needed to generate enough profit without having to
rely on external funding from venture capitalists or angel investors (Zhang, Zhang, Duan, &
Bryde, 2015). One of the largest revenue sources comes from sponsorships as bikesharing is
an ideal advertising platform (Friedman, 2017; O'Dwyer, 2017). With sponsorships, the city
might only lose control over the "look and feel" of the system but not over the important
aspects such as the price scheme, the service quality, the choice of the bikesharing operator
or the business model (Friedman, 2017).

Nevertheless, due to the financial incentive structure of the PPP model, conflicts of
interests between the private bikesharing company and the government are inevitable. GR
models or heavily subsidized bikesharing schemes appear to be more effective than a pure
profit-based model. They are not only more successful in terms of their performance
measured in ridership, population served and the utilization rate but are also guaranteed to
pursue bikesharing as a feasible transport option and public welfare service (Lohry & Yiu, 2015;
Wang, Wei, & Tian, 2011). According to Lohry and Yiu (2015), other developing countries could
learn valuable lessons from the effective Chinese public service model of bikesharing and
consider implementing it as an affordable transport mode in addition to the existing public
transit network (Lohry & Yiu, 2015).
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To summarize, if there are no government subsidies, support, and control, the area
covered by the transportation network would be way less than what would be desirable and
many people would experience a loss in quality of life.

lll. Data and Methodology
Case Description of Beijing

What is special about Beijing and makes bikesharing so successful in China?

Because this paper aims to analyze the effect and impact bikesharing has on the reduction of
car use and modal shifts in Beijing, it is absolutely necessary to know the unique characteristics
of Beijing and what is so different about bikesharing in China that caused the widespread
popularity and tremendous expansion.

1) Low labor and production costs

First of all, the labor costs in China are extremely low compared to North America or Europe.
Since the labor costs associated with the rebalancing process, maintenance and the
production of new bicycles are major cost drivers of bikesharing operations, these costs per
bike are relatively low in China. Having this cost advantage, bikesharing operators in China
could expand their operations very rapidly to over 200 cities (Yin & Tan, 2017).

2) High population and building density = economies of scale

China has some of the most densely populated cities in the world. A higher population density
is strongly linked to better performance of bikesharing systems (Zhao, 2014) because
bikesharing operators can benefit from economies of scale (Meddin R., 2017). Furthermore,
urban building density is negatively correlated with the idle time of the shared bicycles but
leads to more rebalancing activities (Cui, 2018).

3) Blind spots in public transit network

There is a considerable number of shared bikes placed right next to the metro and bus stations
to tackle the "last mile" problem. Although the metro network in Beijing is one of the largest
in the world, it is not extensive enough to reach and cover the entire city leaving plenty of
“blind spots” (Jacobs, 2018). Bikesharing has the potential of eliminating those blind spots,
areas with a radius of 500m which have no connection to public transit, resulting in complete
coverage of Beijing with transit nodes (Yin & Tan, 2017).

4) Bicycle kingdom in China

Cycling has a long history in China which was once known as the "bicycle kingdom". Cars have
only become popular in China in the last decade and it is fairly normal to use a bicycle as a
means of transportation because people have been cycling since their childhood.

5) Severe congestion problem

There is no doubt that Beijing is suffering under severe congestion and pollution problems.
Because of that Beijing has been in the headlines countless times and many of China’s giant
cities are trying to cope with the immense population “chocked by traffic jams and pollution”
(Branigan, 2014).
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6) Government support and regulations

Another unique aspect of China is the tremendous government support of the bikesharing
industry in various forms such as tax breaks which facilitated the rapid growth of bikesharing.
Compared to the US, where it often takes up to years until a request is processed and
approved, the regulations were initially relatively loose with respect to bikesharing leading to
cluttered sidewalks. But in the US, this is inconceivable since Americans are less tolerant of
sidewalks being overcrowded with bicycles (Jacobs, 2018).

7) Ease of online payment through QR code valuable user data

Many of the bikesharing companies have received funding from tech giants such as Alibaba
and Tencent which have their own mobile payment apps. Since payment is done by scanning
the QR codes, bikesharing usage also increases the use of AliPay and WeChat Pay which own
considerable shares of the bikesharing firms. Therefore, bikesharing not only generates a ton
of valuable data on the commuting habits of its users but also for the credit scoring services
of Tencent and Alibaba.

Survey methodology

A cross-sectional survey with a target population of people who have visited, lived or are
currently living in Beijing was conducted. Given the time constraints and the logistical difficulty
in conducting intercept or random household surveys in China, data was collected through an
online questionnaire with 34 (sub)questions in total. The online questionnaire was created
using the Qualtrics Platform and the questions consisted of several different question types
including multiple choice, rank order, matrix table and slider which lets respondents indicate
their level of preference with an adjustable bar.

Furthermore, display logic was used to create a survey that can dynamically adapt to
each respondents’ answers and is customized to them. This is because some questions are not
relevant to all respondents depending on how they have answered previous questions such
as whether they have used dockless bikesharing before or not. Last but not least variable
names and the recode values of some questions were adjusted and some categories that did
not have a sufficient number of responses such as "Doctorate" in highest education level
attained were merged with others.

To reach a sample size which is somewhat representative of my target population and
sufficient for the analysis, the aim was to collect a minimum of 100 responses. The online
survey was distributed through multiple social media channels including Facebook (groups)
and WeChat and was conducted from August 7%, 2018 to August 237, 2018. In total there
were 208 survey responses out of which 126 were completed and 97 partially completed.

Descriptive Statistics

Due to many partially completed responses, the sample size differs for each of the questions.
For illustration purposes, certain categories such as “other” or “no car” have been removed
from the charts. It is also important to note that due to the chosen distribution method for
the survey, all respondents must have access to the internet and use one of the mentioned
social media channels.
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Sample Demographics

The demographic characteristics of the sample were used to identify any differences in
bikesharing usage and modal shift rates. Table 1 shows the profile of the sample (including
gender, age, highest education level attained, current occupation status and the continent of
origin if the respondents are not from China), with a total of 126 observations. Since the
guestions about the respondents’ demographics were at the very end of the survey, the data
only consists of respondents that have completed the entire survey.

Due to the fact that 67.46 % of my respondents were female and 32.54% were male,
weights were added to avoid the collected results to be skewed in favor of the women's
answers. Adding weights to the responses also helps to represent the target demographic
more accurately assuming the proportion of users to consist of an equal distribution of male
and female users.

The age distribution shows that 48.41 % of the respondents were between 18 and 24
years old which is related to the rather high percentage of students (52.38 %) and respondents
having a bachelor’s degree (44.44 %) in the sample. Looking at the country/continent of origin,
the sample is relatively balanced with around 60 % of the respondents from China and 40 %
from all over the world out of which Europe (22.22%) represents the largest non-Chinese

group.

Table 1 Demographic Variables of Respondents

Category Percentages Number of Respondents
Gender % N =126
Male 32.54 % 41
Female 67.46 % 85
Age % N =126
18-24 48.41% 61
25-34 24.60% 31
35- 44 7.14% 9
45-54 9.52% 12
55 - 65 10.32% 13
Highest Education Level % N =126
High School 11.11% 14
Some College 15.08% 19
Bachelor’s Degree 44.44% 56
Graduate Degree 29.37% 37
Occupation Status % N =126
Student 52.38% 66
Employed 30.16% 38
Unemployed 5.56% 7
Retired 11.90% 15
Country/Continent of Origin % N =126
China 59.52% 75
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Europe 22.22% 28
North America 5.56% 7
South America 2.38% 3

Africa 0.00% 0

Asia (not Chinese) 9.52% 12

Oceania 0.79% 1

Cross-Tabulation Analysis

To make statistical inferences about the population being studied and to analyze whether a
significant relationship between two variables exists, cross-tabulations were carried out. The
chi-square test statistic is calculated using the observed and expected values and was thereby
used to check the statistical significance of the cross-tabulation tables and whether they are
independent of each other.

A significance level of 5% was chosen and if the p-value of the test is higher than 0.05,
the results would be insignificant, and we are cannot reject the null hypothesis, meaning that
we assume there is no relationship between the variables. In case the results are statistically
significant, and the null hypothesis is rejected, then it means that it is highly likely there is a
relationship between the variables and they are somewhat related.

HO: There is no association between the two tested categorical variables
H1: There is an association between the two tested categorical variables

V. Results

First of all, it is assumed that all of the respondents have access to a bikesharing system and
that there are a sufficient number of shared bikes close the residential area and places people
need to travel to. Thus, not using a shared bike is a choice the respondent has made and not
because bikesharing is unavailable. In addition, it is assumed that not knowing how to cycle is
not one of the reasons why people refrain from the use of bikesharing.

79% of my respondents have used dockless bikesharing before and those who have no
prior experience were only displayed relevant questions such as reasons why they are not
using a shared bike.

Have you ever used a dockless bike before?

W ves(154) [ No (41)

Figure 7 Usage of Dockless Bikes in Percentage
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Almost half of the respondents who have used dockless bikesharing before are
registered at more than two different bikesharing operators and 4% has even between 3-5
different accounts. This might be due to the fact that the required deposit to join a
bikesharing system is relatively low and people want to avoid scenarios where they are
unable to find a bike. It is also striking that almost 9% do not have a bikesharing account
although they have used a shared bike before. These users could be classified as "one-time'
users that might have been traveling with friends or gained access to a shared bike through
someone else's account.

Q3 - From how many different bikesharing operators do you have an account?

4.00% B.67%

42.6T%

44.67%

B B B2 BP3s >5

Figure 8 Number of Bikesharing Accounts Respondents Have in Percentage

Figure 9 illustrates the motivating factors for using bikesharing. As previously
highlighted, dockless bikesharing provides more flexibility and convenience (92.39%) to its
users which is also the predominant motivations for its use followed by environmental
benefits (34.78%). Proximity to the university campus (31.52%) is the third strongest reason
followed by "avoidance of congestion", "financial savings over public transport”, "health
benefits" and "proximity to public transport stations" which all have been chosen about 20%
of the times.

21



What mainly motivated you to become a bikesharing user?

Experience in ancther
. . I 1.09%
city

Marketing/advertising I2.1'|"°5"n

Financial savings owver
- B.15%
Car use

Shared bikes close to
work

Positive exparience
from others

B.TD%

10.33%

Time savings ower car
use

1N.96%

Fun 13.04%

Shared bikes close to

4133
home 14135

Shared bikes close to

) 10.02%
bus and metro station "

Health benefits 18.57%

Time savings over
public transport

Financial savings over
public transport

20.65%

21.20%

To avoid congestion 28.63%

Shared bikes close to

. . 31.52%
university campus

Environmental benefits 34.78%

Convenience 92.39%

|
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 80.00% 70.00% B80.00% B80.00% 100.00%:

Figure 9 Motivating Factors of Becoming Bikesharing Users

The major barrier to bikesharing for this sample was safety concerns due to the traffic
(Figure 10). This corresponds to the low average satisfaction (satisfaction score of 59.1) with
the cycling lanes in Beijing (Appendix Figure 2). The other major barriers were sign-up
problems such as respondents finding the process being too complicated, unclear or time
consuming. This is followed by the public transit services, private bike or driving being more
convenient for the respondents. Despite the constant headlines of smog and air pollution in
Beijing, only 11.76 % have indicated it as a reason for not using bikesharing.
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Why are you not using a shared bike?
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Figure 10 Reasons for not Using Bikesharing

When asked whether any of the respondents ever had technical problems with a
shared bike such as being unable to continue or even start their journey due to parts being
broken, roughly 87% reported to having a friend/colleague/family member or themselves
experiencing this inconvenience (Appendix Figure 3).

As previously identified, the safety concerns due to traffic were the dominant reason
why people choose not to use bikesharing. This is also reflected in two other questions namely
how safe respondents feel when sharing the same road with a cyclist while driving a car and
when riding a shared bike on the road themselves. Findings show that “Somewhat unsafe”
was chosen the most in both questions with 35.71 % and 44.55 % (Appendix, Figure 4 and 5)
respectively which corresponds with previous study that have found providing separate
bicycle infrastructure and well-maintained cycling lanes such as keeping them clear of ice and
snow reduces seasonal fluctuations in usage increases perceived safety (Gebhart & Noland,
2014; Liu, Jia, & Cheng, 2012).
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Figure 11 shows the usage frequency of bikesharing. It is relatively evenly distributed
with roughly 25 % who use it every second day, 24% who use it only 1-3 times per month and
22 % who use it fairly frequently between 5 and 10 times per month. More than 26% of the
respondents also use it at least 21 times per month, thereof more than 13 % even daily.

How many times do you use bikesharing on average per month?
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Figure 11 Number of Times Respondents Use Bikesharing on Average per Month

Most people (86.36 %) use bikesharing predominantly throughout the whole week
(Appendix, Figure 6) and for short trips lasting less than 30 mins. Only about 14 % of the people
use it for more than 30 mins (Appendix, Figure 7).

Among the aspects of dockless bikesharing systems that need the most improvements
are that respondents think there are too many broken/unusable bikes, they cannot find a bike
when needed and cluttered sidewalks (Appendix, Table 1). This correlates to the previous data
that many people have encountered technical problems of shared bikes highlighting their
poor quality and inexpensive design.

Bikesharing is used for many purposes, ranging from commuting to
work/school/university to leisure activities such as going shopping or sightseeing. The main
purpose, however, is related to the convenience aspect of dockless bikesharing namely getting
to a public transit node (20.94%) followed by getting around on campus (due to a large
proportion of respondents being students; 18.05 %) and commuting purposes (27.80 %).
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What is the purpose of your trip?

1.81%
D.42% 1.55%
4.33%

16.25%

20.94%

10.47% 18.05%

11.19%

.Commuting to work .Commuting to school funiversity .Getting around on campus
.Guing shopping Sightseeing .Getting to a metro/bus/train station
.Guing out/partying/drinking . Mo alternative transportation modes available .Other

Figure 12 Purpose of Bikesharing Trip

Despite all the negative elements to bikesharing, more than 83% of my sample would
agree or strongly agree that bikesharing is an enhancement to the public transportation
system in Beijing (Appendix, Figure 8).

To answer the central research question regarding the reduction in car use and analyze
the modal shift impacts due to bikesharing, several questions were created to capture the
percentage of people that actually switched away from the car.

As explained earlier, many researchers have claimed that bike sharing facilitates
multimodal transport and acts as a complement rather than a substitute for public
transportation. To verify this, respondents were asked how often they have replaced car trips
with trips made with public transit and bikesharing. 20 % and 13.64 % of the respondents have
replaced car trips with a combination of bikesharing and public transport services most of the
time or about half the time respectively. More than 45 % answered that they sometimes
prefer to use bikesharing and public transit together instead of traveling by car and 6.36 %
have completely shifted away from using the car since joining bikesharing.

| have replaced trips by car with trips made with public transit and bikesharing.

14.55% 6.:36%

20.00%

13.84%
45.45%

. Always . Most of the time . About half the time . Sometimes Never

Figure 13 Frequency of Using Bikesharing and Public Transit Together Instead of the Car in
Percentage
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When asked whether there are any mobility changes and in what way the respondents’
travel behavior changed as a result of their bikesharing usage, the results have confirmed the
positive effects of bikesharing. Almost 70% reported to be riding a bicycle more or even much
more often due to using bikesharing and around 52% stated their shopping frequency at
locations near existing shared bikes have increased. Around 20% now drive a car (much) less
often than before joining bikesharing and bikesharing’s impact on the reduction of the taxi
and car sharing usage is even more prominent. Roughly 54% of respondents stated they use
a taxi or car sharing services (much) less often compared to without bikesharing.

As illustrated before, bikesharing is often seen as an effective solution to solving the
"first and last mile" problem because it serves as a way of eliminating the "blind spots" in the
public transportation network and helps to overcome the short distance between the
residence/work and the closest public transit station. About 69% of the time bikesharing is
now used for distances that people used to walk which can be seen in Figure 14.

The concern might exist of whether the physical activity of people has decreased as a
result of bikesharing. However, this is not the case, since those people that walk less often
now are probably also those that have indicated to be cycling more often. Furthermore,
almost 30% have even reported walking more often than before which could be due to the
fact that they engage in more leisure activities such as shopping at locations that were
inaccessible before.

Last but not least, roughly 27%, 9%, and 22% have reported no changes in the use of
public transportation, car, and taxi or car sharing services respectively. This means that all the
bikesharing trips taken by those respondents who did not change their commuting behavior
much with the aforementioned travel modes are most likely new trips. These new trips do not
necessarily contribute to a reduction in GHGs but are probably increasing the accessibility to
certain locations of some groups and enhancing their life quality.

Therefore, apart from the obvious environmental benefits due to a reduction in usage
of motorized vehicles, bikesharing also contains significant health and socioeconomic benefits.
A large proportion of my sample cycles and walks more than before and due to the existence
of shared bikes, shops and restaurants also profit from a higher number of customers resulting
in a GDP boost and economic growth.
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Because | use bikesharing,
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Figure 14 Change in Mobility Behavior as a Result of Bikesharing Usage in Percentage
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Cross-Tabulation Results

From the results in Table 2, 3, 4 it is evident that there is a significant relationship between
both the age and the occupation status of the respondents and whether or not they have used
dockless bikesharing in Beijing. Not surprisingly, the occupation status and age profile reflect
a similar trend in the usage of dockless bikesharing which might be because there is a
significant relationship between age and occupation status itself (Appendix XXX). About 95%
of the students and employed have used dockless bikesharing before compared with only 29%
and 60% of the unemployed and retired. With respect to age, it appears that the oldest age
group has the least experience with bikesharing and people between 35 and 44 years old use
bikesharing disproportionately less. The first might be due to less familiarity with smart
technology as many have reported too complicated and time-consuming sign-up process of
bikesharing to be one of the major barriers. However, the sample size of these two groups are
relatively small and there is insufficient data about people that do not use bikesharing,
therefore they might not provide an accurate representation.

Table 2 Cross-Tabulation of Occupation Status and Usage of Dockless Bikesharing and Age
and Dockless Bikesharing

Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c...
Yes No Total
63 3 66
Sl 95.45% 456% 100.00%
Employed 36 2 38
i 94.74% 5.26% 100.00%
What is your occupation status?
Unemployed 2 € y
proy 28.57% 1.43% 100.00%
) 9 6 15
Retired 60.00% 40.00% 100.00%
110 16 126
Total
ota 87.30% 12.70% 100.00%
58 3 61
18-24
95.08% 4.92% 100.00%
28 3 31
25-34
90.32% 0.68% 100.00%
8 3 9
LA T SO 66.67% 33.33% 100.00%
1" 1 12
45-54
Jeld 91.67% 8.33% 100.00%
7 8 13
55- 65
53.85% 46.15% 100.00%
Total 1o 16 126
87.30% 12.70% 100.00%

Table 3 Chi-Squared Test Between Age and Usage of Dockless Bikesharing

Have you ever used a
dockless bike (e.g.
Ofo, Mobike, etc.)? A
dockless bike is a bike that

you C...
Chi Square 20.37*

How old are you? Degrees of Freedom | 4
p-value 0.00

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than 5.
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Table 4 Chi-Squared Test Between Occupation Status and Usage of Dockless Bikesharing

Have you ever used a
dockless bike (e.g.
Ofo, Mobike, etc.)? A
dockless bike is a bike that
you C...

Chi Square 37.72*

What is your occupation

Stattior Degrees of Freedom | 3

p-value 0.00

Furthermore “age” also has a significant relationship with attitudes on Beijing cycling
conditions as well as environmental issues, the frequency of bikesharing usage and modal
shifts (Appendix, Table 5 and Appendix, Table 6). There are significant differences in different
age groups concerning those aspects. However, age is not significantly associated with the
motivation of becoming a bikesharing user (Appendix, Table 7). Younger people (18 — 24)
appear to find health benefits of bikesharing, avoiding congestions less important and the fact
that there are shared bikes close to the university campus and time savings over public
transport more important compared to the average (Appendix, Table 8).

Contrary to my initial expectations, the car reduction rate due to bikesharing and
degree to which people shift away from using the private car or car sharing services are
independent of both the trip purpose and respondents' motivation of using bikesharing
(Appendix, Table 9 and Appendix, Table 10). Therefore, whether people use bikesharing as a
means of commuting or for recreational activities does not affect how much people drive a
car significantly. Furthermore, whether people use bikesharing due to environmental or
convenience reasons is also not significantly associated with the car reduction rate.

Looking at the significant relationship between age and education level in Table 5 and
6, these two variables are most likely related to each other and confirm an important fact that
China has undergone a tremendous transition in its education system. Over the last two
decades, younger people have received more access to higher education. Thus, the younger
generation has enjoyed more years of schooling and are relatively more educated compared
to the older age group leading to a substantial generational gap in education. This might also
affect the willingness to use dockless bikesharing and attitudes towards the environment.

Table 5 Cross-Tabulation of Age and Education Level

What is your highest education level attained?
Less than high High Bachelor's Graduate oo e Some =
school school degree degree college
0 1 0 ] 0 0 1
Under 18
naer 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 100.00%
18-24 o 3 36 13 0 8 60
0.00% 5.00% 60.00% 21.67% 0.00% 13.33% 100.00%
o ] 9 19 2 1 a
26-
SR 0.00% 0.00% 29.03% 61.29% 6.45% 3.23% 100.00%
How old are 35- 44 o 3 2 2 1 1 9
you? 0.00% 33.33% 22.22% 22.22% n.1% 1% 100.00%
4554 o 6 3 ] 0 3 12
0.00% 50.00% 25.00% 0.00% 0.00% 25.00% | 100.00%
55-64 o 1 6 ] 0 5 12
0.00% 8.33% 50.00% 0.00% 0.00% A.67% 100.00%
65 or o ] 0 ] 0 1 1
older 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 100.00%
Total o 14 56 34 3 19 126
0.00% M11% 44.44% 26.98% 2.38% 15.08% 100.00%
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Table 6 Chi-Square Test of Age and Education Level

What is your highest
education level attained?

Chi Square 83.79*
How old are you? Degrees of Freedom | 30
p-value 0.00

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than 5.

V. Discussion and conclusion

Given the data collection method and the fact that the case study is based on a survey, there
are certain study limitations that need to be addressed. With any survey, there are a number
of biases which could influence the outcome, validity, and reliability of the study especially
when a random sample could not be drawn. Self-selection is thereby often an issue since the
respondents voluntarily agreed to participate in the survey. Because the respondents have
certain traits and characteristics which can be systematically different from the target
population, the results are less representative.

As the aim of this paper is to understand the modal shift impacts of bikesharing and in
what way it can change people's mobility behavior, a longitudinal study would have been
more appropriate in recording the respondents' changes in their attitudes and travel
behaviors over a period of time. Moreover, conducting a random household or intercept
survey could possibly reduce the bias. However, these options were not feasible due to the
scope and restricted time of this study. Hence, the results are solely based on the respondents’
self-reported attitudes and behavior. As mentioned before, response weighting has been
applied to obtain results that are more representative of the target population’s
demographics.

In answering the proposed research question to what extent bikesharing reduces car
use we find that bikesharing in combination with public transport indeed replaces at least
some of the car trips in more than 85% of the cases in the sample. One out of five respondents
now drive a car less frequently and more than half use taxi or car sharing services less often
as a result of using bikesharing. Apart from the immense environmental benefits, the results
also confirm huge health and socioeconomic benefits due to more physical exercise and
increased accessibility. These benefits can possibly lead to lower public health spending and
reduce geographical inequity for the whole society

Despite the study limitations, the survey results provide us with preliminary insights
into the modal shift impacts of bikesharing in Beijing. However, these results might not
necessarily be able to represent other Chinese cities let alone other countries. For locations
with similar characteristics, notwithstanding, the survey can provide researchers with ideas
for what to investigate and improve in future studies. There are still many aspects of dockless
bikesharing that have not included in this paper or been addressed in sufficient detail. Further
recommendations for future studies include using big data approaches to improve rebalancing
efficiency, analyzing the success factors of bikesharing systems and conducting a comparative
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study on (Chinese) cities with different characteristics as well as establishing better metrics
that measure the modal shift impacts and success of and GHGs reduction due to bikesharing.

Overall, the are many lessons that can be learned from the dockless bikesharing system
in China. The system in Beijing serves as a valuable example for other high-density cities that
consider implementing dockless bikesharing as an integration and extension to the existing
public transport network.

The fourth generation of bikesharing would not exist in today's form without the
internet and recent advancements in smart technology. Dockless bikesharing systems are a
step forward into the future. With its gathered data from millions of shared bikes, it can not
only identify "blind spots in public transportation networks" and solve the "first and last mile
problem" but also has the potential to completely transform how cities are built and designed.
By providing an affordable, accessible and most notably a sustainable and convenient way of
transportation, it is an attractive alternative to the private car

Even though bikesharing is facing many problems and challenges, the system has been
constantly improving as seen from the developments over the last four bikesharing
generations until now. Our society is thriving to reach the same goal of creating environmental
awareness and fostering a culture of living in a more sustainable way. In conclusion, the
benefits of bikesharing definitely outweigh the negative aspects and can improve the living
qguality of many people. Therefore, | believe bikesharing will an essential component in
revolutionizing the way we travel and keep reinventing itself like in the past.
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VI. Appendix

Public Use Bicycle Programs
by Continent, year end 2016

' Europe
Northér;lerlca 524 )

<555
3,

South America

Afr;lca Ocegnia

[F] @BikesharingMap

www.bikesharingmap.com
Data collected and maintained by Russell Meddin

Figure 1 Number of Public Use Bicycle Programs by Continent, 2016
Source: Meddin (2016)

How satisfied are you with the cycling lanes in Beijing?

59.1

Figure 2 Average Satisfaction Score of Cycling Lanes in Beijing
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Have you ever had any problems with a shared bike?

5.33% 12.67%

82.00%

. Mo . Yes . Mo, but my friendsfcolleagues/family members

Figure 3 Technical Problems with a Shared Bike in Percentage

How do you feel when sharing the same road with a cyclist as a driver?

Neutral 5.58%

Very safe 5.56%

Somewhat safe 7.94%,

Very unsafe 16.6T3%

Somewhat unsafe 35.71%

| | | | | | | | | |
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% B80.00% 90.00% 100.00%

Figure 4 How Respondents Feel When Sharing the Same Road with a Cyclist While Driving
in Percentage

Q9 - How would you feel when riding a shared bike on the road yourself?

5.45% 10.00%

29.09%
44.55%

10.91%

. Very safe . Somewhat safe . Meutral . Somewhat unsafe Very unsafe

Figure 5 How Respondents Feel When Riding a Shared Bike on the Road Themselves
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Q19 - When do you usually use a shared bike?

14.55%

13.64%

Ti.82%

. On weekdays . On weekends . Both

Figure 6 Weekend and Weekday Bikesharing Usage in Percentage

Q14 - How much time did you spend on riding a shared bike each time (on average)?

86%

<30 mins

B<30mins [@>30mins but [l >1.5 hoursbut [l >3 hours

Figure 7 Average Time Spend Using Bikesharing Per Ride
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Table 1 Ranking of Aspects of Bikesharing That Need to Be Improved Ranging from 1 to 9

#

1

O 00 N O

Bikesharing is an enhancement to the public transportation system in Beijing.

Field Minimum Maximum Mean Count

Too many broken/unusable bikes

Cannot find a bike when needed

Bikes are overcrowding/cluttering the
sidewalks and roads

There are not enough designated parking
areas for the bikes

There are too many different bikesharing
companies/operators

Insufficient government control
Simplify sign-up process
Unsuitable infrastructure for cycling

Other

2.38%
13.49%

38.10%

45.24%

. Strongly agree . Agree . MNeutral . Disagree Strongly disagree

1.00

1.00

1.00

1.00

1.50

1.50
1.00
1.00
1.00

8.50

8.50

8.00

8.00

8.00

9.00
9.00
9.00
9.00

2.80
3.39

3.53

3.98

5.07

5.57
5.83
5.70
8.45

123
123

125

123

121

121
124
124
106

Figure 8 Attitude Towards the Statement That “Bikesharing is an enhancement to the public
transportation system in Beijing”
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Table 2 Cross-Tabulation of Age and Occupation Status

Table 3 Chi-Square Test of Age and Occupation Status

Chi Square 144.39*

Degrees of Freedom | 12

p-value 0.00

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than 5.

Table 4 Chi-Square Test of Age and Attitudes Towards Cycling Conditions in Beijing and the
Environment and Usage of Dockless Bikesharing
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Table 5 Cross-Tabulation of Age and Modal Shifts and Attitudes on Beijing Cycling
Conditions and Environmental Issues

6 1 2 | u | 9o | 0 | 2 [N
| 1897 2069% 20m4% 1552% W24% 345% .
2 7 04 s o
TH% 2500% 3BI% 1420% 17.86% 0.00%
5 [ 0 0 o 1
8333% 0.00% 000% 000% 0.00% 16.67% |100.00%
2 4 & 3 1 o 1
00% | 38.30% 18.8% 27.2M% .09% 0.00% 9.09%
“ 3 0 [ o o
STM% 4286% 000% 000% 0.00% 0.00%

Table 6 Cross-Tabulation of Age and Modal Shifts and Trip Purpose

Table 7 Chi-Square Test of Age and Reasons for Becoming a Bikesharing User

96

0.67

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than 5.
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Table 8 Cross-Tabulation of Age and Reasons for Becoming a Bikesharing User

Financial Financial Pasitive experience Shared Shared Time Time
Health ‘savings froma bikes clase to bikes | closetobus savings | savings  Toaveid
Marketing/advertising similar system Other
G benefits benefits public over car .In ther clty closeto  university close to and metro ‘over public over car  congestion
transport. use ‘member work ‘campus. home station transport use

1 o 1 1 o o o o o o 1 o o o o o 1 1
006 -014 080 084 -0.22 -0.06 -0.02 013 -0.02 -0.08 0.63 015 -0.21 004 022 -0.10 0.68

58 12 6 ] 8 4 3 10 1 7 £ n " 3 19 5 15 0
133 343 580 543 267 0.67 157 180 0.05 224 1410 1.85 114 062 56T 0n -4.05

28 5 T 3 9 3 ] 2 1 z T 3 8 o 7 3 2 »
-1.28 057 085 193 n 128 074 2.8 051 048 432 -1.67 138 123 on 0.05 218

9 o 1 3 1 o o 2 o o 1 3 1 1 1 ] 3 o
0.50 20 079 021 -1.00 -0.50 021 are 04 o 220 164 -093 0.64 1.00 -0.86 014

n ) 3 3 ] ] ] H o 1 [ 1 2 1 1 E) a
-0.33 A os2 i 267 -0.67 029 0.38 019 0.05 438 -0.81 -0.57 082 187 186 zi8

n 1 T 6 2 o o 1 o o 1 1 2 o (] 1 3 a
-0.33 om 462 un -0.67 -087 -0.29 -0.62 0.9 0.95 3.38 -0.81 0.57 048 -2.67 -0.14 -0.81

1 0 o o o o o o o o o o o o o o o 1
0.06 -0.14 020 -0.38 -0.22 -0.06 -0.02 013 -0.02 -0.08 -0.37 0.5 -0.21 -0.04 022 -0.10 -0.32

s I 18 | 25 | 45 I 28 T i m 2 | 10 | a8 | 18 ‘ 7 | 5 | 28 | 12 | 40 128

Table 9 Chi-Square Test of Motivational Factors for Becoming a Bikesharing User and
Reduction in Car Use

Chi Square 55.85* 81.71*
Degrees of Freedom | 64 64
p-value 0.76 0.07

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than 5.

Table 10 Chi-Square Test of Trip Purpose and Reduction in Car Use

Chi Square 30.51* 24.89*
Degrees of Freedom | 32 32
p-value 0.54 0.81

*Note: The Chi-Square approximation may be inaccurate - expected frequency less than .
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Online Survey created using Qualtrics

Dockless Bikesharing Systems in China - A
Case Study of Beijing

Q1 Thank you for agreeing to take part in this survey. Your responses are highly appreciated
and help me assess the performance and impact of dockless bikesharing systems in Beijing.
All your answers are kept anonymous and strictly confidential.

Directions: To answer the questions, please fill in the appropriate boxes representing your
answer. For some questions, you can only choose one answer per question and for others, you
can choose multiple answers. The maximum number of answers you can choose is indicated
in the question so please only choose the most important answers for yourself. As it is highly
important that you do not accidentally tick the wrong box, PLEASE READ EACH
QUESTION CAREFULLY.

Introduction: Dockless bikesharing systems

This survey focuses on dockless shared bikes and aims to analyze the success of bikesharing
systems and their impact on modal shifts in Beijing. In contrast to the first three generations
of bikesharing, dockless bikes do not need to be returned to fixed docking stations and can be
picked up and left anywhere. Mobike and Ofo, the two largest bikesharing companies in
China, charge between 0.5 yuan to 1 yuan (7 to 14 Euro cents) for 30 minutes and in some
cases (e.g. trial periods etc.) the use is even for free. Therefore, dockless bikesharing systems
provide users with an affordable and convenient way of transportation.

Q2 Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike
that you can leave anywhere you want without having to return it to docking stations.

Yes (1)

No (0)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes
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Q3 From how many different bikesharing operators do you have an account?
None (1)
Just one (2)
At least from 2 different operators (3)
From 3-5 different operators (4)

More than 5 (5)

40



Q4 What mainly motivated you to become a bikesharing user? If you aren't a user yet, what
reason would make you consider becoming a user? Please choose max. 5 answers.

Convenience (1)

Fun (2)

Health benefits (3)

Environmental benefits (4)

Financial savings over public transport (5)

Financial savings over car use (6)

Marketing/advertising (7)

Positive experience from a friend/colleague/family member (8)

Experience using a similar system in another city (9)

Shared bikes close to work (10)

Shared bikes close to university campus (11)

Shared bikes close to home (12)

Shared bikes close to bus and metro station (13)

Time savings over public transport (14)

Time savings over car use (15)

To avoid congestion (16)

Other (17)
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Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = No

Q5 Why are you not using a shared bike? Please choose max. 5 answers.
I don't want to wear a helmet (1)
I don't own a helmet (2)
I'm concerned about my safety due to the traffic (3)
Driving is more convenient (4)
Public transport is more convenient (5)
Car sharing is more convenient (e.g. Didi, Uber) (6)
I find my own bike sufficient (7)
There are no shared bikes close enough to my home (8)
Shared bikes are not close enough to my work (9)
Shared bikes are not close enough to places 1 like to visit (10)
It's too costly (11)
The deposit is too high (12)
I am not sure how to sign up (13)
It's too complicated or time consuming to sign up (14)
Smog/air pollution (15)
Weather conditions (too hot, cold, rainy or windy) (16)

Other (17)
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Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes

Q6 Have you ever had any problems with a shared bike such as being unable to continue or
even start your journey due to something being broken?

No (0)
Yes (1)

No, but my friends/colleagues/family members (2)

Q7 The following questions (Questions 10-20) are all based on your experience of using
dockless bikesharing systems in Beijing. Dockless bikes do not need to be returned to fixed
docking stations and can be picked up and left anywhere.

Q8 How do you feel when sharing the same road with a bicycle user while driving a car?
Very safe (1)
Somewhat safe (2)
Neutral (3)
Somewhat unsafe (4)
Very unsafe (5)

I don't drive or own a car (6)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes
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Q9 How would you feel when riding a shared bike on the road yourself?
Very safe (1)
Somewhat safe (2)
Neutral (3)
Somewhat unsafe (4)

Very unsafe (5)

Q10 How satisfied are you with the number of designated bike lanes/roads in Beijing? Please

use the slider to indicate your level of satisfaction.
0 10 20 30 40 50 60 70 80 90 100

00 '
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Q11 Attitudes on Beijing Cycling Conditions and Environmental Issues

Strongly

agree (1) Agree (2)

The weather is
suitable for
cycling
(Q11_1 weather)

The price of
public transit is
expensive
(Q11_2 public
transit
expensive)

Public transit is
often crowded

(Q11_3 public

transit crowded)

Waiting time for
public transit is
often long
(Q11_4 long
waiting time)

Motor vehicle
usage is an
important reason
for
environmental
problems
(Q11_5_motor
vehicle
environment)

I'd be willing to
ride a bicycle or
take public
transit to help
improve air
quality
(Q11 6 _bike to
improve airQ)

Global warming
is currently
happening

(Q11_7 _gobal
warming)

Global warming
is caused by
human activity
(Q11_8 global
warming
humans)
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Neutral (3)

Disagree (4)

Strongly
disagree (5)



Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes

Q12 How many times did you use bike sharing in one month (when you were in China)?

0 (1)
13 (2)

5-10 (3)
11-20 (4)
21-30 (5)

more than 30 (6)

D

Q13 What needs to be improved regarding dockless bikesharing systems? Please rank the
answers below.

Too many broken/unusable bikes (1)

Cannot find a bike when needed (2)
Bikes are overcrowding/cluttering the sidewalks and roads (3)
There are not enough designated parking areas for the bikes (4)
There are too many different bikesharing companies/operators (5)
Insufficient government control (6)

Simplify sign-up process (7)

Unsuitable infrastructure for cycling (8)

Other (9)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes
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Q14 How much time did you spend on riding a shared bike each time (on average)?
<30 mins (1)
>30 mins but (2)
>1.5 hours but (3)

>3 hours (4)

Q15 I think the bikesharing system is an enhancement to the public transportation system in
Beijing.

Strongly agree (1)
Agree (2)
Neutral (3)
Disagree (4)

Strongly disagree (5)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes

Q16 Since joining bikesharing, | have made trips with public transit and bikesharing
(together) that I would have previously done with a car.

Always (1)

Most of the time (2)
About half the time (3)
Sometimes (4)

Never (5)
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Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes

Q17 As aresult of my use of bikesharing,

No change
Much as a result Not
More Less Much less .
more of the use of  applicable
often(n) Ofen(2) often(3) often(4) o charing ()
®)
I use public
transportation
(Q17_1_public O O O O O O
transit)
I drive a car
(Q17_6_car) O O O O O O

I use a taxi/car
sharing (e.g. Didi,
Uber, etc.) O O O O O O
(Q17_2_taxi didi)

I walk
(Q17_3_walk) O O O O O O
I ride a bicycle
(any bicycle)
(Q17_4 bike) O O O O O O

I shop at locations
near existing

shared bikes O O O O O O
(Q17_5_shopping)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes
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Q18 What is the purpose of your trip? Please choose max. 3 answers.

Commuting to work (1)

Commuting to school/university (2)

Getting around on campus (3)

Going shopping (4)

Sightseeing (5)

Getting to a metro/bus/train station (6)

Getting around after going out/partying/drinking (7)

There are no other alternative transportation modes available (8)

Other (9)

Display This Question:

If Have you ever used a dockless bike (e.g. Ofo, Mobike, etc.)? A dockless bike is a bike that you c... = Yes

Q19 When do you usually use a shared bike?

On weekdays (1)
On weekends (2)

Both (3)

Q20 We are almost done! But before we finish 1 would love to get to know you a little bit
better!
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Q21 Where are you from (country/region you identify the most with)?
China (1)
Europe (2)
North America (3)
South America (4)
Africa (5)
Asia (not Chinese) (6)

Oceania (7)

Q22 What is your highest education level attained?
Less than high school (1)
High school (2)
Some college (3)
Bachelor's degree (4)
Graduate degree (5)

Doctorate (6)

Q23 What is your gender?
Male (0)

Female (1)
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Q24 What is your occupation status?
Student (1)
Employed (2)
Unemployed (3)

Retired (4)

Q25 How old are you?
Under 18 (1)
18-24 (2)
25-34 (3)
35-44 (4)
45-54 (5)
55 - 64 (6)

65 or older (7)

Q26
Thank you for taking the time to answer this survey and helping me graduate from
university! Your response has been recorded.

I promise I'll share my bike with you if you need! :)
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