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Abstract

Digitalization is an important theme in Informatics research. Especially in today's digital

society, people cannot live without the help of information technologies. The purpose of the

study was to explore how the digitization process happened in the bicycle industry. The study

was based on the background of bicycle-sharing system in Beijing and a qualitative

methodology was followed. The findings show how bicycle-sharing system evolve step by

step by applying advanced digital technologies. In the coming 5G era, organizations need to

reconsider the situation of bicycle-sharing system and this research may give some references.
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1 Introduction

1.1 Problem space

With the development of new technologies, the emergence of shared bicycles in big

cities has been talked about a lot in recent years. It is interesting to think that traditional

bicycles have existed for such a long period of time in human history and as human

beings walk into a digital age nowadays, bicycles, or e-bicycles as human artifacts, are

redefined and are empowered by more functions. In this thesis, we are not going to

simply consider shared bicycles as a business product for companies to gain profit but

an innovative technology enhancement that can help people solve traveling problems

in a short distance.

The digitalization process among different industries has evolved for periods of time.

Focusing on the bicycle area, the transformation of the inter-relationship of socio-

technical ecosystems changes the way people use bicycles over time. Especially the

emergence of OFO, the first shared bicycle company in Beijing, China, proposes an

innovative idea which is called “stickless” bicycle-sharing service. With the “intelligent”

bicycle and the popularity of smartphones, OFO quickly occupies the local market and

attracts lots of users. There is no doubt that OFO is a huge success and technical

innovation is definitely the core driving force. Thus, how today’s sharing of bicycle

infrastructure is building up and evolving? With the help of a new generation of digital

innovation, for example, 5G, AI (Artificial Intelligence), Intelligent positioning and other

advanced technologies are making the bicycle-sharing system more functional and

humanized. Besides, disorderly parking, malicious damage, private use of shared

bicycles and other incidental issues that bring to human society have already become

the concerns of both governors and the public.

It can be found that in the early stage of literature searching, as for now, most literature

used to announce how shared bicycles provides people with more convenience in

different daily scenes and ignores the research gap of how bicycle-sharing is born with

the help of rising scientific and technical power.

More specifically, on the one hand, most digital technologies applied on shared

bicycles are not new inventions, but a new application on the shared bicycle scheme.

There are not many pieces of literatures comprehensively summarizing and discussing

these new applications of technologies on shared bicycles and there is no further

exploration of how the user experience is improved. On the other hand, whether more
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and more social problems are brought by shared bicycles can be solved by existing

technologies is also worthy of attention. If not, feasible solutions that can be found as a

breakthrough to carry out further research will be discussed in this thesis.

1.2 Purpose

The authors will narrow down the research scope and choose the bicycle-related

ecosystem in Beijing as the main target to do further research. By conducting a case

study of the OFO company and sending questionnaires to shared bicycle users, the

authors aim to explore how the bicycle-sharing system emerged and evolved along

with its development. Moreover, based on the history of OFO, the authors can provide

insights into the major socio-technical requirements and challenges which may affect

the emergence of the bicycle-sharing system. Lastly, how innovative technologies can

be further modified to deal with rising social problems will also be addressed.

1.3 Research questions

1. What is the origin of OFO bicycle-sharing system?

2. How have the different layers of OFO bicycle-sharing system developed?

1.4 Delimitation

First, the research will be limited geographically within Beijing and focalizing on the

OFO company mainly. Secondly, during the data collection section, there exist

difficulties for collecting some newest updated data (i.e. specific user data from OFO

company) because of the concern of trade secret. Thirdly, interviews and

questionnaires should be finished before the end of April according to the timeline of

the thesis, it is considered as time constraints of data collection. Also, due to the impact

of corona virus, the interview will be conducted online by video call.

1.5 Definitions

The evolutionary digitalization process of the shared bicycle industry including different

socio-technical layers (Mechanical layer, Information layer, Personal layer and

Community layer) will be the main terms illustrated in the thesis. Besides, innovative

technologies applied to bicycle-sharing services like CMP (Cloud service management

platform), DAM (Data asset management), GPS (Globally positioning system),

Intelligent lock and Mobile payment will also be discussed in later chapters.
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2 Literature Review

There are two concepts will be examined, bicycles sharing ecosystem and digitalization.

The existing bicycle-sharing ecosystem approaches the mainly focuses on the role of

bicycle-sharing in the system and the different goals of stakeholders within the system.

The challenges of balancing different goals from different stakeholders will be

discussed accordingly. To overview the pervious and current situation of bicycle-

sharing system development, different generation of bicycle-sharing system will be

demonstrated. It benefits to point out the pros and cons in different generation for

service upgrading by investigating the specific nature in various generations. The

description of the technical use phenomenon in China is indicated the current technical

use in bicycle-sharing industry in China to finishing up the part of bicycle-sharing

ecosystem.

This digitalization of the bicycle and its infrastructure is being shaped during the

development of digital infrastructure and urge of digital innovation. Also, human aspect

also takes an important role in the process of digitalization. Four layers of socio-

technical system which consider social and technology aspects within a system will be

explained further.

2.1 Bicycle-sharing ecosystem

The bicycle-sharing system is recognized as a sustainable transportation method for

high population urban areas globally. Its benefits include solving transportation

problems which are caused by the increasing number of vehicles such as traffic jams

and air pollution. Also, a good city image can be built by presenting a smart city that

uses intelligent communication technologies on city facilities and creates a good quality

of life for citizens.

Shaheen (2010) has defined bicycle-sharing as “Individuals use bicycles on an as-

needed basis without the costs and responsibilities of bicycle ownership. Bicycle-

sharing is short-term bicycle access, which provides its users with an environmentally

friendly form of public transportation” (Shaheen, S. A., Guzman, S., & Zhang, H., 2010).

Apparently, short distance mobility has an increased need in urban mobility settings.

Nevertheless, bicycle-sharing organizations have the entire responsibilities from the

bicycle being purchased until it goes to the trash.
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A consultancy work from Roland Berger indicates the role of bicycle-sharing as

intermodal and multimodal mobility which is herded by a growing ecosystem and

integration of mobility services (Schönberg, T., 2018). A growing ecosystem of bicycle-

sharing includes other competitors or substitution of mobility to bicycle-sharing such as

car sharing, ride-hailing and taxi ride-hailing and on-demand services providers along

with integrated mobility services such as MaaS, integrated mobility platforms,

aggregators and mobility applications.

Figure 1. Role of bicycle-sharing.
Note, Schönberg, T. (2018) Bike Sharing: Cornerstone of Future Urban Mobility. Roland Berger
Consultancy Company

According to the different goals of various stakeholders in the bicycle-sharing

ecosystem, Schönberg summaries the complex relationship between stakeholders has

been shown in figures 1 and 2. Regulators define standards and regulations to provide

an environment and boundaries for building bicycle-sharing systems as well as related

operations. Within this environment, integrators, IT or service providers, infrastructure

providers, operators and customers interact in different manners. Therefore, the rising

social problems on environmental performance shows the bicycle-sharing industry has

a lot to work on system enhancement.
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Figure 2. Role in bicycle-sharing ecosystem.
Note, Schönberg, T. (2018) Bike Sharing: Cornerstone of Future Urban Mobility. Roland Berger
Consultancy Company

On the other hand, Schönberg reports different goals for different stakeholders are

considered in the value propositions of bicycle-sharing concept (Schönberg, T., 2018).

Five main stakeholders’ goal shows in figure 3 that examines the challenge of

balancing different goals. The regulator is focused on the preservation and prevention

of any kinds of risks as well as decreasing urban traffic and pollution in the city.

Operators aim to maximize the shared bicycle utility and minimize the cost. Integrators

(e.g. mobility platform) propose data monetization. Other modes of transport try to

secure their own modal share and achieve offering. Customers and users expect high

availability and quality shared bicycles in the city and seamless connectivity in all kind

of mobility methods as well as convenient mobile applications for accessing shared

bicycles. Those stakeholders are also considered as a factor in different layers in the

socio-technical system later in this chapter.
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Figur

e 3. Stakeholder goals concerning bicycle-sharing.

Note, Schönberg, T. (2018) Bike Sharing: Cornerstone of Future Urban Mobility. Roland Berger

Consultancy Company

Furthermore, there are different perspectives on the bicycle-sharing system that can be

found in previous studies. One of the previous research, a scientometric review (Si, H.,

Shi, J., Wu, G., Chen, J., & Zhao, X. 2019) has captured general shared bicycle studies

between 2010-2018 which consolidate a full picture of bicycle-sharing system research.

With a comprehensive knowledge map of bicycle-sharing research, the findings

demonstrate a research shift from safety and health as well as sustainable mobility

methods to sharing economy, system design optimization, and more complex social

impacts. The review also states the research domain of technological progress is

noteworthy such as bicycle-sharing systems optimization and design with urban

mobility. Recently, dockless bicycle-sharing systems have been discussed in this field

because of the emergence of new bicycle-sharing system design and digital innovation

in China. Additionally, the IoSB review and survey illustrate the importance of

technology and its information architecture as a key infrastructure of the new bicycle-

sharing has been established (Shen et al, 2018).

2.1.1 Different generation of bicycle-sharing system

Antecedent to the emergence of bicycle-sharing systems, there were four prototypes of

public bicycle systems along with the bicycle-sharing system evolution. The public

bicycle system has demonstrated the starting point of a city in the UK that offers short-

term bicycle rental service within the city (Liu, Z., Jia, X., & Cheng, W., 2012). Next, the

bike-and-ride scheme in the Netherlands provides rental bicycles services at railway
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stations as a supplement to public transport. Later on, Europe’s rural tourism-oriented

scheme provides a bicycle rental service for a longer period (more than one day).

Finally, the university-based bicycle-sharing system in Toronto which provides different

locations for pick up and returns a shared bicycle (community-based scheme); along

with the residential bicycle-sharing model which provides the same pick up and return

location for denser cities such as Japan.

Table 1. The history of different generations of bicycle-sharing systems.

Table 1 shows the history of different generations of the bicycle-sharing systems

presenting different elements from the interpretation in the previous literature. Shaheen

et al. (2010) and DeMaio et al. (2009) describe how there were four generations of

bicycle-sharing systems. The first generation was the white bicycle which operated as

a free bicycle-sharing system aimed at social and environmental issues in the inner city

of Amsterdam, Netherlands. Due to non-profit operation and permanently unlocked

design the shared bicycles were often reported stolen and damaged. Low security is

the main reason for the failure of the first-generation bicycle-sharing system.
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Therefore, the second-generation bicycle-sharing system has improved the security

issue by adding a lock on a shared bicycle and deposit payment system. Fixed docking

stations are given for borrowing and returning with a locking system. Bycyklen,

Copenhagen was the first to introduce a large scale of bicycle-sharing system with

Coin-Deposit Systems. The solid rubber tires and wheels of a shared bicycle were

designed for the maintenance cost minimization. However, financial issue should be

considered due to non-profit model and required much funding for docking station

construction. Also, the anonymity of the user breeds another problem that a shared

bicycle can be unlocked without time limitation or not returned.

The third generation of the bicycle-sharing system is an IT-based system that

consolidates advanced technologies for large scale bicycle occupation, pick-up and

returns as well as information tracking such as user’s historical transactions. The

technology includes electronic locks for racks, bicycle locks, telecommunication

systems, smartphone access, and on-board computing interfaces which predominantly

increase the accessibility of shared bicycles by integrating interfaces such as

smartphones and the security level by adding user identification requirements such as

ID, bank card or mobile phone number. Extraordinary, the Global Positioning System

(GPS) and the Geographic Information System (GIS) grants the ability of location

tracking as an additional information service for users.

The innovation and difference of the newest generation of bicycle-sharing system, the

fourth generation, highly embedded digital technologies to remove the hidden bicycle-

sharing system barriers - docking stations (Shen et al., 2018). During the boost of the

quality and accessibility of information technology, Ofo and Mobike in China integrated

mobile payment and GPS and GIS into the system which provide strong technical

support for the operation of the largest number of bicycles-sharing system. This large-

scale data is received via sensors and communication modules and delivered to the

digital platform for ease of use and management. Those features correspond to the

forecasting of the fourth generation “demand-responsive and multi-modal systems

based on new features such as redistribution systems, GPS tracking and smartcard

integration with public transit” (Shaheen et al., 2010)

2.1.2 Description of the technical use phenomenon in China

Along with the reforming of China since the 1980s, the bicycle industry has been

replaced by the car industry which is following the country's economic growth briskly.

https://www-sciencedirect-com.proxy.library.ju.se/topics/earth-and-planetary-sciences/global-positioning-system
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Schönberg (2018) states technological progress and customer attitudes are the key

factors that influence the development of urban mobility from owning a car to sharing a

bicycle in figure 4. The digital infrastructure and information architecture of bicycle-

sharing system should take into account the shift of customer behaviours and

intermodal derived.

Figure 4. A model shift from traditional transportation to innovative mobility.
Note, Schönberg, T. (2018) Bike Sharing: Cornerstone of Future Urban Mobility. Roland Berger
Consultancy Company

Shen indicates the architecture of the Internet of Shared Bicycle (IoSB) in China highly

relies on real-time interactions that allow a large volume of the data transferred for

operations such as locking system, GPS positioning and data uploading (Shen et al.,

2018). Figure 5 shows a five-layered model architecture of IoSB, which includes layers

of perception, physical, communication, application, and security.
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Figure 5, Five-layered model architecture of IoSB.
Note, Adapted from “Information architecture of IoSE” by Shen, S., Wei, Z., Sun, L., Su, Y., Wang, R., &
Jiang, H. (2018). The Shared Bicycle and Its Network-Internet of Shared Bicycle (IoSB): A Review and
Survey. Sensors (Basel, Switzerland), 18(8), 2581.

In Shen’s work, the perception layer consists of sensors, positioning modules along

with other data-acquisition modules that gather information regarding the environment

(Shen et al., 2018). The ST Blog mentioned GPS positioning receiver information

coordinates to the network for identifying and locating locked shared bicycles (The ST

Blog, 2017). The physical layer includes energy harvesting, system interaction and

system management that provides support work for the system’s stability and

interactivity. In the communication layer, information is transmitted and uploaded to the

server timely via transmission technologies such as LTE, LPWA, GPRS, Zigbee and so

on (Shen et al., 2018). Supplement of the bicycle-sharing system also includes a range

of hindered technologies such as Bluetooth SoCs (Systems on Chips), NFC (Near

Field Communication) Tags and MEMS (MicroElectro-Mechanical Systems) to prevent

bicycle theft (The ST Blog, 2017).

Furthermore, information processing and instruction generating are taking place in the

application layer (Shen et al., 2018). The main operational tasks of this layer include

bicycle unlocking, user authentication, cycling data management and so on. Finally, the

security layer has a direct relationship with each layer for individual security functions,

such as user information management and payment settlement. Meanwhile, the cloud

server has empowered network security, a safe payment environment and stable

system services of mobile application design that have accelerated the utilities of

shared bicycles.
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2.2 Digitalization in bicycle-sharing system

While using shared bicycles, users need to find the platform to which the bicycle

belongs, and then take out the smartphone to scan the QR code on the bicycle and

click “Unlock” to unlock the bicycle. When users finish riding, users can find the dock

where they can park the bicycle and then lock it. Some operations are not carried out

on the smartphone but are finished when users close the lock so that the system will

automatically detect that they have finished using the bicycle. This digitalization of the

bicycle and its infrastructure is being shaped by specialized service providers with

expertise not only in the bicycle industry but also in software development such as

Sitael with Electric Shared Bicycle connectivity system which is an end-to-end sharing

system based on an open mobility platform that acknowledges the control of sharing a

bicycle (CSDN, 2017). The evolution of bicycle rental will be discussed later in the

chapter of the case study and it will be pointed out that digitalization is the key factor of

the new shared bicycle scheme that has been successful in China.

Digitalization is defined as:

“sociotechnical process of applying digitizing techniques to broader social and

institutional contexts that render digital technologies infrastructural.” (Tilson, D.,

Lyytinen, K., & Sørensen, C. 2010. P.749)

2.2.1 Inter-relationship between social and technical in four layers

perspectives

A basic theory of system indicated that the system is a purposeful collection of

interrelated components working together to achieve a common objection. Cultural

circumstances can be touched upon and continued with a system thinking approach.

The socio-technical system is a system that involves user experience, market, culture

meaning, technology, regulation, infrastructure, maintenance networks and supply

network (Geels F. W.,2005, p.901). These disciplinary perspectives on computing

technology admit to seeing technology through particular layers. Figure 6 describes the

technical innovations emerging from interactions between four different layers which

are mechanical layer, information layer, personal layer and community layer (Geels F.

W.,2005). In the capability of a shared bicycle system, it is important to understand and

characterize the shared bicycle system as an evolutionary socio-technical system and

model it accordingly.
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Figure 6. Computing requirements cumulate.
Note, Whitworth, B. and Ahmad, A. The Encyclopedia of Human-Computer Interaction, 2nd Ed. Ch.24
Socio-Technical System Design.

2.2.2 Mechanical layer

Technology began at the mechanical layer which involves technology equipment such

as computers, technical systems, hardware devices, and embedded systems such as

operating systems. The layer of an artifact or hardware, as a designer for shared

bicycles, various problems that are considered as different structures designed for

private bicycles and shared bicycles. Built-in GSM and GPS modules, which can locate

bicycle positions in real-time, and also develop value-added services such as bicycle

reservation and big data analysis.

By the term of digital infrastructure, a new form of IT artifact (Herzhoff, 2009), and a

stable mechanism (Hughes, 1987) emphasizes the connectivity and pervasive access

to the physical products. Yet socio-technical and institutes constrain a certain degree of

flexibility in digital infrastructure and its nature of extreme scalability and flexibility on

both upward (i.e. expand the levels of communication, storage capabilities) and

downwards (i.e. digital and physical networks) have led to break the constraints by

combining or reconfiguring other infrastructure and services. Tilson et al. (2010) have

sufficiently presented the application formulation by digital infrastructure and its

adoption in social categories of individuals and groups with a sensitivity approach. In

this study, the increased incursion of digital bicycle platforms and applications in mobile

devices, positioning technology, accessibility of intelligent lock and cashless payment

method will be described. Notwithstanding, the most powerful Internet of Things (IoT)
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technology leverages and gives an explanation for the increasing demands of shared

bicycle systems by built-in digital infrastructure.

According to Fortune magazine (Mcgregor, G. 2019), the phenomenon of bicycle-

sharing in China also seems to herald the problems that they may face in the future.

Henrik Bork, the founder of Asia Waypoint, a Beijing-based consulting and survey

company, said that no one questioned the investment model behind bicycle-sharing,

but instead shifted the model to a topic that is ramming such as artificial intelligence (AI)

and big data. Zhang and Mi also take advantage of using big data to estimate the

impacts and environmental benefits of bicycle-sharing schemes in China (Zhang, Y., Mi,

Z., 1995). Data mining is an analytics technique that allows exploring hidden consumer

patterns and understanding behaviours individually and socially. It benefits MaaS

development associated with constraint behaviour and regulates interaction by finding

a connection between institutions and the public through predictive power from AI and

big data.

The fundamental issue that technological innovation has a critical impact in the digital

transformation which is indicated in earlier literature. “...the central concept of

managing technological change is the idea of 'technological innovation': Technological

innovation is the invention of new technology and the development and introduction

into the marketplace …” (Betz F., 1998) Therefore a radical "management relocation"

is required for developing digital innovations.

2.2.3 Information layer

The middle layer evolved communication systems for information interaction and data

exchange. According to literature, digital innovation is using digital platforms as a

foundation environment that allows people to interact and collaborate for the sake of

innovating products and processes. (Ciriello, R. F., Richter, A., Schwabe, G., 2018.)

Digitization is the core of digital innovation which grants a high degree of information

accessibility and flexibility by transforming to digital format. (Yoo, Y., Henfridsson, O.,

Lyytinen, K., 2010). The digital information can be stored, transformed, and traced by

digital artifacts. It is also editable for re-programming and developing digital solutions

scalable after deployment by interacting with external systems (Kallinikos J., Aaltonen

A., Marton A., 2013).

As a result, low entry obstacles and leading innovation have been widely involved. This

also leads to possible modular integration of components merged into digital
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technology platforms. Due to the flexibility of digitizing and its natures which included

the power of low cost, tiny in size and strong capability in computing function. Ciriello et

al. illustrate that the importance of innovating a digital technology platform has more

influence on digital innovation compared with a product (Ciriello et al., 2018). Digital

platform-based companies such as Facebook and, Airbnb, for example, have a set of

functionalities that are established by external participants of the organization for

additional contributions.

A combination of devices and software supports the activities of a business or a larger

operation system such as an application system. The Internet of Things technology

provides bicycles with the functions of networking, scanning, and obtaining vehicle

information, so that users can easily request unlocking requests from the cloud server

through the network, and the cloud server receives vehicle status and location

information via GPRS and issues unlocking instructions to the bicycle. And then

processing such as billing is performed. IoT applications provide convenience for the

management and operation of shared bicycles.

Furthermore, the service-dominant logic (S-D logic) (Vargo S.L. and Lusch R.F., 2004)

conceptualized services as a professional technology through the process of value co-

creation in expanding networks. The service logic is more concrete associated with

Normann’s theory of “dematerialization, liquefication, unbundle ability, re-bundle ability,

and the resulting potential for increased density” by considering the overall system in

order to deal with the knowledge and resources in dynamic landscape (Normann, R.,

2001). These include young emerging companies who are completely dedicated to the

idea of connectivity. At the same time, this notion of networked collaborative processes

is enabled by socio-technical systems and reconfigurable digital resources (Barrett M.,

Davidson E., Prabhu J., Vargo S.L., 2015) and the extent of opportunities of analytics

works and service automation design.

On the service design perspective, digital infrastructures are required for service design

implementation by making predictions on gathering data of user habits, bicycle

repositioning, and so on, in order to bring hidden patterns and unknown correlations to

the light as well as the exploitation of unstructured big data into smart data. From an

operating perspective, actual consumer patterns were generated from real-time data

which is used to define mobility strategies and mobility planning. Real-time data is

another way of collecting information through the Internet of things technology with a

combination of cloud and plenty of algorithms systems (Manville C., 2014). The
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development of digital infrastructure is growing rapidly and could be a critical factor to

enhance the bicycle-sharing system as a solution to institute mobility as a service

(MaaS) in the future.

2.2.4 Personal layer

The higher layer acquired a human involved to support the business goals and make

use of socio-technical systems within the organization. Shared bicycle users, non-users

and other affected parties such as maintenance companies and bicycle manufacturers,

both directly and/or indirectly interact with the shared bicycle system leading to a

certain impact on the entire development of the industry.

The technology acceptance model and the Unified Theory of Acceptance and Use of

Technology (UTAUT) Model are measurable methods to anticipate human factors. An

individual’s intentional or voluntary use of technology is referred to as technology

acceptance (Davis FD, 1989). Technology acceptance models originate from the

theory of reasoned action (Ajzen and Fishbein, 1980). To adapt the theory of reasoned

action to information technology, the use of various studies were conducted to

determine which variables are to be included (Davis, Bagozzi and Warshaw, 1989).

Several models were proposed, such as the technology acceptance model (TAM), and

a version of TAM including social influences (Malhotra and Galletta, 1999). Recent

efforts to unify the technology acceptance literature resulted in the unified theory of

acceptance and use of technology (Venkatesh, Morris & Davis, 2003).

The unified theory of acceptance and use of technology (UTAUT) model was used as a

guiding framework to help provide a better understanding of researchers’ bibliographic

management adoption and use behaviours (Rempel and Mellinger, 2015) as well as

identifying the factors of people's acceptance of digital transformation. It was created

by Viswanath Venkatesh et al. (2003) to include the influence of other people on the

technology adoption process. UTAUT contains four direct determinants of user

behaviour: performance expectancy, effort expectancy, social influence, and facilitating

conditions (see Table 2 for determinant definitions).

These measurable elements consist of the main guiding framework for leading the

research direction and understanding the technical adoption of shared bicycle users. In

this thesis, the UTAUT model will firstly be used on the shared bicycle industry and

help set the different dimensions of questionnaire questions.
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Table 2. Four determinants of UTAUT.

Note, Rempel, H., & Mellinger, M. (2015). Bibliographic management tool adoption and use: a qualitative
research study using the UTAUT model. (unified theory of acceptance and use of technology) (Report).
54(4), 43–53.

2.2.5 Community layer

And finally, a society layer, a community creates legislative artifacts such as laws and

regulations that make things work inside a society by intertwining the interactions and

dependencies between layers in a system. The regulator was mentioned in the earlier

chapter as a stakeholder in the bicycle-sharing system, and has a goal with

preservation and prevention of risks. These social requirements are the foundation of

the service design industry. As well as other stakeholders with the bicycle-sharing

ecosystem, their activities illustrate the elements and interdependencies indicating

transitions of multi-actor processes that engage interaction between social groups.

As a result, social transformation analysis will be performed by merging human and

technology in society to investigate and explore a design problem. Through the

inspiration of understanding socio-technical system and system thinking (i.e. social

network, digital infrastructure), it will also benefit further service design development

such as government regulation and policy enhancement for the shared bicycle industry.

By explaining and evaluating the content published by scholars and researchers who

are recognized by the academic community, we are able to deliver the topic of the

research more understandably and acceptably.
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3 Methods

3.1 Research setting

This research focuses on emerging and evolving development of the bicycle-sharing

system as well as providing insights into the major socio-technical requirements and

challenges of the bicycle-sharing system, innovative technologies can be further

modified to deal with the rising social problems.

To visualize the digital transformation process, the research should provide

opportunities for identifying the core socio-technical requirements and challenges of the

bicycle-sharing ecosystem in China. The case study will involve the history of the pre-

OFO period, the emergence of OFO, the evolution of the bicycle-sharing system in

China and the integration with digital infrastructure which demonstrates the impact of

digitalization on the bicycle-sharing industry.

To investigate the growth of shared bicycle utilization, it is crucial to address the

service design from shared bicycle companies at the early stage and measure the

degree of the public adapting to new technologies. The interview will be organized with

designers or department heads of OFO. Meanwhile, since the time constraint of the

individual study, the questionnaire is considered as a subordinate research approach

for individual utilization interpretation. The unified theory of acceptance and use of

technology (UTAUT) model was also applied to the questionnaire design which can

uncover the factors of technical acceptance on the target study field in general.

3.2 Research approach

“Qualitative research is the approach usually associated with the social constructivist

paradigm which emphasises the socially constructed nature of reality. It is about

recording, analysing and attempting to uncover the deeper meaning and significance of

human behaviour and experience, including contradictory beliefs, behaviours and

emotions.”

On the other hand, “Quantitative studies involve recording or converting information

obtained from participants in numerical form so as to enable statistical analysis of the

findings and the generalisation of those findings to the wider population.” (Alzheimer

group, 2009)
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In this article, we choose to use a combined method which includes both qualitative

and quantitative methods because on one hand, we focus on how the bicycle-sharing

ecosystem emerged and evolved among different layers and how the socio-technical

system transformed into the current situation. Based on empirical research and the

newest discovery, a new theoretical framework will be updated. On the other hand, for

the application of the quantitative method, the data collected from both the case study

and questionnaires will also be analysed to verify the research result.

“A case study is a research method that involves an up-close, in-depth and detailed

investigation of a subject of study and its related contextual position. It has been widely

used in social sciences as a qualitative research method to investigate contemporary

real-life situations and has provided a foundation of application of ideas and extension

of methods” (Essay MIN,2018).

The case study of OFO is necessary for understanding the origin of the early bicycle-

sharing market and figuring out how the initial sharing ecosystem is built up. OFO’s

emergence process symbolizes the beginning of the shared bicycle industry in China to

a large extent. As the first company proposing the concept of “bicycle-sharing” and

originated locally in Beijing, OFO has been through an up-and-down process and made

a series of digital revolutions and is still leading the market nowadays. Therefore, we

believe that the case study would be the ideal research method and OFO should be the

best option.

3.3 Methods of data collection

Data collection for the case study will be conducted by literature reviews and

organization reports as secondary data. For the primary data, interviews and

questionnaires will be conducted to provide original data and prevent alternative

opinions by other authors.

3.3.1 Interview

“Interviews are usually carried out in person i.e. face-to-face but can also be

administered by telephone or using more advance computer technology such as Skype.

(Alzheimer group, 2009).”

An interview with the CTO (Chief Technology Officer) of OFO, Bryan Tong, is arranged

for the topic of the shared bicycle industry along its digital development process. Due to
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the time and regional limitation, the interview is conducted online by Zoom on date 3

May 2020.

Interview question list is attached in Appendix 1.

3.3.2 Questionnaire

“Questionnaires are a good way to obtain information from a large number of people

and/or people who may not have the time to attend an interview or take part in

experiments. People should be encouraged to answer the questions as honestly as

possible so as to avoid the researchers drawing false conclusions from their study

(Alzheimer group, 2009).”

The purpose of designing this questionnaire is to collect data about people’s attitude to

shared bicycles. By analysing the result of a satisfaction degree, we can know in which

aspect the public wishes to improve so far.

The sample population is composed of shared bicycle users and non-users in Beijing

who may conduct a social impact in a shared bicycle system. A sample of users was

recruited by electronic questionnaire from a list provided by a researcher who is located

in Beijing physically. The goal was to recruit approximately 30 participants with a

roughly equal number of users and non-users in each subspecialty. 18 participants

were contacted. 50 electronic questionnaires were sent out on 29th March 2020 and 18

with feedback and the remaining 32 without. The participating users were from the

following specialties: students, fresh graduates, and the general working class.

The questionnaire sample is attached in Appendix 2.

3.4 Data analysis

This study used two analysis approaches in a comprehensive interpretation of results

from research approaches. First, content analysis was used in case study and

interview to analyse and identify core consistencies and meanings. Its nature of

systematic and objective was used to identify patterns and themes conducted in

qualitative data reduction and sense-making efforts. Secondly, qualitative deductive

analysis determines the extent of qualitative data in this study. Qualitative deductive

analysis is used to support the conceptualization of digitalization with the top-down use

of theory. To test the theory in the literature chapter, patterns and themes are

developed based on the theoretical framework, the questionnaires contain thematizing,
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designing, data collecting, analyzing, verifying, and reporting. Given the theme of

technology acceptance in the bicycle-sharing system, the questionnaire was designed

before being conducted with users and non-users.

3.5 Ethics statement

During the research process, some ethical problems need to be considered. Informed

consent has been noticed by all participants before the questionnaire commenced and

all participants should know the content of the research. All participants should not

receive any kind of harm including both physical and psychological. The process and

the result of the research must be confidential and anonymous. Participants own the

right to privacy and all stored data is deidentified. The data of the research is protected

properly, and accessibility is clarified. All kinds of deception or misleadingness to get

invalid data was not allowed.

4 Results

During this section, the content of the interview with Bryan Tong will be briefly

illustrated including the development of the shared bicycles industry in Beijing, the

emergent background of OFO, the core digital application of OFO and the social

problems which shared bicycles bring to society. Also, the questionnaire results from

users’ perspectives will be recorded.

4.1 The history of rental bicycle service in Beijing before the emergence of

shared bicycles

Beijing is the first city to start putting on public bicycles and began operating the system

in August 2007. At that moment, there is still not the term “sharing” yet. Most

companies provide rental bicycle services around tourist attractions to meet the needs

of a huge number of tourists. As a city with a long history, Beijing’s tourism industry is

very developed and has a deep cultural heritage. Lots of visitors would love to travel

around while watching the symbolic buildings. Then, bicycles become the ideal choice

which can help with a pleasant and leisurely journey.

Till 2008, Beijing hosted the 29th Olympic Games in summer, which is the “golden area”

of bicycle rental services. Athletes from all over the world are invited to come to this

great sporting event and have the opportunity to see this historic city. Besides, Beijing

announces the slogan of the “Green Olympics'' which aims to improve the air quality by
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encouraging people to travel more healthily. Cars were banned from the roads on

alternate days, according to the odd or even number of their license plates during that

period. According to the Transportation Bureau of Beijing, more than 4 million people

switched from driving vehicles to taking public transport during the two-month

restriction period. (Liu, Z., Jia, X., & Cheng, W, 2012). As a result, there is a sharp

increase in demand for bicycles. The number of bicycles is up to a peak of 50,000

governed by both local government and corporate companies. However, after the

Olympic Games, the Beijing municipal government does not further support the

improvement and expansion of the public bicycle system. The problem of bicycle rental

has been exposed. The main complaints from the public are few rental spots,

expensive rental fees, and poor management. Most rental spots are established

around Olympic venues rather than residential areas. The usage fee is 5 yuan per hour,

20 yuan within 24 hours including 500 yuan for deposit and extra services, which is

considered more expensive compared with people’s living standard at that time (In

2008, the per capita disposable income of urban residents in Beijing was 24725 yuan,

(Souhu, 2018); the price of the one-way bus ticket is 1 yuan). Once the Olympic

Games finishes, the government does not care about continuous management so

much. As a result, private companies take over the market and make a mess.

In the next, it comes to the “post-Olympic area”. However, due to expensive rental fees,

the public's enthusiasm for bicycle rental services has faded away. In May 2009,

Fangzhou, the largest public rental bicycle company in Beijing at that time, collapsed

due to poor management and capital chain break. Li Min, a former executive of

Fangzhou company, said that for the reason of Fangzhou's bankruptcy, capital is not

the biggest problem in operation. The key lies in the lack of policy support. As long as

the policy allows the operation of body advertising, the bicycle rental market can be

revitalized. Tongxiao Pan, a professor from Tongji University in Shanghai, owns the

similar opinion that the key factor for the construction of the public bicycle system is

that the local government takes the construction of the public bicycle system into

account in the overall urban planning. Although Beijing proposes to build a "

coordinated multi-mode transportation system" in 2005, it especially emphasizes the

coordination of walking, bicycle, ground bus and subway in the city's transportation

system. However, it is not until 2010 that specific policies are introduced to develop

bicycle rental services. At that time, most bicycle rental enterprises have been unable

to survive.
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From June 2012, the Beijing municipal government began to lead the trial of public

bicycle system construction. The government provides start-up funds and invites

enterprises to participate in the operation and bear the operating cost, but it is still not

allowed to put advertising on the body of bicycles (some people consider that painting

advertisements on bicycles may impact city appearance and environment). The rental

fee is free within one hour, and then 1 yuan per hour. The daily maximum price is no

more than 10 yuan and the continuous rental time limit is no more than 3 days.

Bicycles can be returned to another service point as more and more service points are

established. However, it is worth noting that at that time, only local citizens in Beijing

were allowed to apply for bicycle rental, while people from cities outside Beijing were

excluded. A lawyer once sued a bicycle rental company for alleged discrimination,

unfortunately, there was no result in the end.

4.2 The emergence of OFO - a whole new sharing model

In 2014, four partners, Wei Dai, Ding Xue, Siding Zhang, and Xin Yu graduated from

Peking University and jointly founded OFO to solve the travel problem on campus. In

May 2015, more than 2000 shared bicycles were delivered on the campus of Peking

University. OFO has also gone out of Peking University and successfully developed in

seven other capital universities, serving nearly 900,000 teachers and students

(Information Center of Peking University, 2016).

OFO is a company that provides bicycle rental services, but one main different is that

compared with public bicycles formulated by the government, OFO’s bicycles have no

fixed sticks on the ground. Besides, there is no need for users to apply for a rental card

or handle any other complex procedures. They only need to download the OFO

application and use their smartphone to scan the QR code printed on the bicycles.

After that, the bicycles will be automatically unlocked, and users are free to use. After

finishing the journey, users could leave the bicycle anywhere on the street and lock it

easily. In the end, users need to come back to the OFO APPLICATION and click the

“finish” button to pay the usage fee in a digitally. For private users, the usage fee is 1

yuan per hour and 0.5 yuan per hour for students. Customers who use it for the first

time need to pay 99 yuan as a deposit and then the deposit can be returned later. This

price is acceptable for most users especially for student groups, there are additional

discounts. Thus, this new form of leasing service, known as “shared” bicycles, has

opened the new era of China's public bicycle industry.
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Since its launch in June 2015, OFO‘s small yellow bicycles have connected 10 million

shared bicycles, providing more than 4 billion trips to more than 250 cities and more

than 200 million users in 20 countries (OFO, 2019). From the perspective of the current

industry pattern of bicycle-sharing in Beijing, OFO and Mobike are still the two brands

with the highest market share. A research report on China's shared bicycle market

released by 7 Park Data, a well-known research company in New York, shows that

OFO has occupied 60% of the market share of Beijing's shared bicycle market, while

Mobike only accounts for 40%. The market share of OFO in Beijing is 1.5 times that of

Mobike, and the share is more than 50% (Sina tech, 2017). It can be seen that in

Beijing, OFO has been the absolute leader in the bicycle-sharing industry.

It is worth mentioning that OFO has cooperated with many city governments and

management departments in-depth for contributing to the local urban traffic and

economic development. Through a good communication mechanism, OFO and local

governments jointly explore the shared bicycle operation and management mode under

the governance of government and enterprises. The mode of cooperation between

OFO and the urban management department has become a new sample of urban

innovation governance and draws a blueprint for the development of smart cities in the

new era.

What’s more, OFO is committed to advocating the concept of green travel. By

integrating bicycle production capacity and supply chain, it promotes the concept of

bicycle-sharing around the world and provides convenient and efficient green travel

services for major cities to meet users' needs for a better life. It promotes the

transformation and upgrading of the bicycle industry and builds the urban green

transportation system to improve urban travel efficiency. Finally, OFO can help the

intelligent urban construction.

4.3 Technical innovation promotes the success of OFO

Figure 7. Principle of shared bicycles.
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Note, Shen, S., Wei, Z. Q., Sun, L. J., Su, Y. Q., Wang, R. C., & Jiang, H. M. (2018). The
Shared Bicycle and Its Network-Internet of Shared Bicycle (IoSB): A Review and Survey.
Sensors (Basel, Switzerland), 18(8), 2581.

Within the mechanical layer and information layer, OFO owns the physical bicycles as

mechanical foundations and with the help of mobile applications, it has become a huge

information transfer station for data gathering and analysing. In this section, Tong

discloses the operating logistics from the technical perspectives.

4.3.1 The Cloud Application

The Cloud Application could be considered as the “brain” of the sharing bicycle system
which includes multiple funtional departments such like CMP, DAM and IoT. They work
together to make sure the efficient operation of this mechanism.

4.3.1.1 Cloud Management Platform (CMP)

Cloud management is the management of cloud computing products and services.

Cloud Management Platform (CMP) provides a means for a cloud service customer to

manage the deployment and operation of applications and associated datasets across

multiple cloud service infrastructures, including both on-premises cloud infrastructure

and public cloud service provider infrastructure (Mike, Preetam & John, 2017). In other

words, CMP provides management capabilities for hybrid cloud and multi-cloud

environments.

Bryan Tong announces that the cloud application of bicycle-sharing is a large-scale

two-way real-time application based on cloud computing. On the one hand, cloud

computing can ensure the rapid deployment and high scalability of applications on

mobile. On the other hand, it can cope with large-scale and high concurrency scenarios

https://en.wikipedia.org/wiki/Cloud_computing
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to meet the needs of millions of connections. Public clouds are managed by public

cloud service providers, which include the public cloud environment’s servers, storage,

networking, and data centre operations.

Bicycle-sharing involves the management of a massive network of everything between

maintenance of fictions and processing of data. It needs to follow up on user needs at

any time for the development and optimization of functions. Therefore, OFO not only

uses Microsoft's basic cloud service (Azure), but also uses Microsoft's platform service

(PAAS), including "Azure IoT" platform service, Dynamics, CRM, customer relationship

management service, and prediction and analysis function based on machine learning.

Not only OFO, but also the data from the other brands need to be transferred and

handled at their CMP systems to achieve varieties of function realization, Tong said.

“The shared bicycle application system in the cloud integrates external Internet

functions (such as payment, QR code application, electronic map, etc.) to connect

bicycles and users inherently. Finally, CMP will implement and complete a set of rental

service processes (map searching, QR code scanning, user unlocking, cycling use,

lock and return, payment, and settlement, etc)”.

4.3.1.2 Data Asset Management (DAM)

Now that there is a platform to store and analyse a large amount of data, it is

necessary to talk about what kind of data is needed for shared bicycles. Nigel Tebbutt

(2017) puts forward that Data Asset Management (DAM) conserves, curates, and

exploits valuable enterprise Data Assets – Enterprise Data along with their associated

Services. Data Assets are now widely regarded as important in driving business value.

Especially in today’s digital world, almost all large companies cannot do without the

support of big data. “Many organizations are now changing how they design and

manage their business and technology portfolios, plan, design and execute their Data

Business”, Nigel says.

From Tong’s point of view, CMP of shared bicycles needs to collect, store, and

manage two types of key data:

a. Vehicle data (asset data with Internet of things characteristics: including

communication connection status, vehicle lock status, use record, etc.) is

uploaded to the service platform by the intelligent lock through a

communication module and SIM card. Then it goes through the network of
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telecom operators, the Internet of Things platform of operators and finally

arrives at CMP.

b. User data (user data with internet characteristics: in addition to the user’s

basic information, consumption records, user accounts and credit

information, it also includes user behaviour data like riding path and location

information). Shared bicycle is an "Internet of things plus Internet"

application, so enterprise assets (bicycle) and user data are the core assets

of shared bicycle enterprises.

For example, when people use shared bicycles every day, the distance of riding will be

recorded and sent to the cloud server where the shared bicycle belongs. Through

intelligent analysis of big data, a data model is established with time, place, and time

length as scales. Then, it can be decided where the brand's bicycle should be launched

most, what is the most reasonable number of launches and how to allocate the launch

time.

4.3.2 Positioning technology of Internet of things（IoT）

A positioning system is a mechanism for determining the position of an object or

person in space by using positioning technology. The commonly used mobile

localization methods include Global Positioning System (GPS), Cellular Positioning

System (CPS) and Wireless Local Area Network (WLAN) positioning system (D. Liu, B.

Sheng & F. Hou, 2014). At present, most of the shared bicycles are equipped with a

GPS navigation system. By combining with the cellular positioning system (CPS), this

system (A-GPS) can locate the caller within 50 m for 67% of calls and to 150 m for

95% of calls (Paul A Zandbergen, 2009). CPS location accuracy depends solely on the

cell size, but this can be enhanced with the support of other techniques, such as sector

division by directional base station antennas and Received Signal Strength (RSS).

Tong illustrated that to achieve the precise positioning of shared bicycles, the operating

company in Beijing has adopted a variety of technical means represented by the

Internet of things positioning technology of OFO bicycles. In the early stages, it used

the positioning information uploaded by users when unlocking and returning the

bicycles as the basis. This Internet of things positioning technology cannot be

positioned in the process of users' riding and the reliability of the description of related

riding paths is also very low. Consequently, OFO’s positioning technology cannot take

an important position during the process of management.



27

4.3.3 OFO’S pure mechanical lock

At the very beginning, OFO’s users use the smartphones directly to unlock without

going through the network cloud. The user communicates with the Bluetooth module in

the smart lock of the shared bicycle and sends the information to the server (different

from CMP). The server sends unlocking/locking instructions to the application and the

interaction with the background system is completed through the application. This kind

of smart lock has the characteristics of stable unlocking and ultra-low power

consumption. In addition, opening this Bluetooth smart lock requires the Bluetooth of a

smartphone to work well. Otherwise, it cannot open the lock.

However, this kind of simple mechanical lock has obvious disadvantages such as

complicated operation processes, weak connection with mobile App, easy to be

damaged, etc.
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Figure 8. The mechanical lock on OFO

Note, Baidu. (2020). OFO Bicycles.

4.4 The advanced mobile payment technology connected with OFO

Mobile payment generally refer to payment services operated under financial regulation

and performed via a mobile device. Mobile payments include five primary forms which

are mobile wallets, card-based payments, carrier billing, contactless billing NFC and

direct transfer between payer and payee bank accounts in near real-time. (ITU-T

Technology Watch Report, 2013). Among different forms, mobile wallets has already

become a common payment method in the use of the shared bicycle in Beijing.

Bryan Tong firmly believes that in China, the popularity of smartphones provides a user

base for mobile payment and the advantages of mobile payment are increasingly

obvious. Not only are the original payment institutions concerned about the

development of mobile payment, such as Alipay, WeChat payment, etc. but also

smartphone operators have developed mobile payment applications based on their

brands, such as Apple's Apple Pay, Samsung's Samsung Pay, HUAWEI Pay and so on,

which provides users with great convenience in realizing mobile payment. Compared

with the previous cash society, people nowadays only need to use their smartphones

and scan a QR code, then the payment is achieved.

Thus, it is important to know what is “QR code”. QR code, also known as a two-

dimensional bar code, is a black-and-white figure distributed in a plane (two-

dimensional direction) according to a certain rule with a specific geometric figure (Yang

https://en.wikipedia.org/wiki/Financial_regulation
https://en.wikipedia.org/wiki/Mobile_device
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Wang, 2015). The QR code system was invented in 1994 by the Japanese company

Denso Wave. Its purpose was to track vehicles during manufacturing, and it was

designed to allow high-speed component scanning (Borko Furht, 2011).

The connection between QR codes and mobile payment is that QR code can be used

to store bank account information or credit card information, or they can be specifically

designed to work with particular payment provider applications. Although still there is

no detailed research about how important the mobile payment is to the development of

shared bicycles (could be a research gap), it can be sure that Alipay and Wechat pay,

the two China's largest and most commonly used mobile payment platforms, definitely

provide people with a more convenient payment process. This should be one of the

reasons why the penetration rate of shared bicycles can be improved to a large extent

so quickly in Beijing.

According to the survey, 77% of Chinese consumers know a mobile payment tool that

they can use immediately which ranks first in the world (Ipsos, 2017). Under the

universality of payment channels based on QR code, the efficiency of shared bicycles

is greatly improved.

4.5 OFO, as well as more bicycle-sharing company brands, also bring social

problems

However, Tong also attached importance to the other aspect that rapid change always

brings a series of social problems. This part can be related to personal and community

layers that come into a higher recognition level according to the literature reference.

The public announced that the operation and maintenance management of shared

bicycles are inadequate and unsatisfying.

According to a public survey (500 samples) from OFO’s internal research, the

proportion of respondents who expressed "not that much satisfied" and "dissatisfied"

with the operation management and maintenance of shared bicycles after launch was

17.8% and 9.3% respectively. 35. 0% of the respondents hope to increase human input

and financial investment to solve the problem after the financing of bicycle companies.

On one hand, among the problems encountered in the use of shared bicycles, the

problem of "broken bicycles" is the most prominent that mainly manifested in: brake

failure, flat tire, chain dropping, handlebar or seat damage and so on. 72.2% of the

respondents have encountered this situation, of which 25.4% ranked it first. Meanwhile,
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nearly 60% of people think that there is a shortage of bicycles during rush hour. 58.4%

of the respondents had the experience of finding an available bicycle during the

morning and evening rush hours, ranking third in all the problems, of which 19.4%

thought that the problem is the most serious.

On the other hand, the bad behaviour of users’ needs to be taken into account. 70% of

the respondents who have experienced "malicious damage to vehicles" such as: the

vehicles have been locked up privately, the license plates have been damaged, the

vehicle locks have been removed, etc. This is ranking second in all the problems of

which 40.9% of the respondents believe that this is the most serious. Also, many

respondents think that some people leave bicycles disorderly after using them may

cause more inconvenience.

4.6 Users’ attitude

From the perspective of basic information, 80% of the respondents are aged 20-39 of

which 83.3% are unmarried, 80% are educated in a university or above, 60% are

students, and 63.3% are earning less than 3000 RMB.
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Table 3. Users’ attitude toward OFO shared bicycle services.

Main construct Subconstruct Users’ Comments

Pro Neutral Con All

Performance

Expectancy

Perceived

Usefulness

28

(93.3%)

1

(3.3%)

1

(3.3%)

100%

Extrinsic Motivation 20

(66.6%)

2

(6.6%)

8

(26.6%)

100%

Personal Outcome

Expectation

24

(80.0%)

1

(3.3%)

5

(16.6%)

100%

Effort

Expectancy

Perceived Ease of

Use & Complexity

27

(90%)

2

(6.6%)

1

(3.3%)

100%

Social Influence Subjective Norm 26

(86.6%)

3

(10.0%)

1

(3.3%)

100%

Social Factors 22

(73.3%)

5

(16.6%)

3

(10%)

100%

Facilitating

Conditions

Perceived

Behavioral Control

21

(70.0%)

3

(10.0%)

6

(20.0%)

100%

Facilitating

Conditions

24

(80.0%)

4

(13.3%)

2

(6.6%)

100%

Attitude Toward

Using

Technology

25

(83.3%)

3

(10.0%)

2

(6.6%)

100%

The results of the questionnaire are organized with the UTAUT model including the 5

main constructs Performance Expectancy, Effort Expectancy, Social Influence,

Facilitating Conditions and Attitude Toward Using Technology. For each construct,

there are also distinctive aspects corresponding to different questions as shown in the

questionnaire.

From Table 3 (the statistic results from Appendix 3), all the participants have the

experience of riding shared bicycles before. Pro means Percentage of pro-adoption

comments and Con means Percentage of contra-adoption comments. As a whole, the

proportion of Pro in each index is the highest compared with Neutral and Con.

Especially in the Perceived Usefulness part, it has reached a total of 93.3% which

means most participants believe that the emergence of shared bicycles is helpful in

their life. However, during the Perceived Behavioural Control, the Pro ratio has been
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reduced to the lowest 70% which means less consider that this new transport tool is

provided with enough services and technical support from companies.

Meanwhile, for Extrinsic Motivation and Perceived Behavioural Control, the Con ratio

is the highest up to 26.6% and 20.0% respectively. Perceived Usefulness, Perceived

Ease of Use & Complexity and Subjective Norm section perform well with the same

percentage of 3.3%.

For the last element, Attitude Toward Using Technology, most participants give

positive comments (83.3%), which tell us most people own a comparatively open

mindset for adopting new technologies. Even though they have no knowledge about

the technologies are using exactly, they can still try and learn quickly.

It also can be seen from the data results that the majority of users of shared bicycles

are younger groups, among which the majority are college students and ordinary office

workers. The respondents generally reckon that the emergence of shared bicycles has

played an important role in their daily life. The use process is relatively easy for

youngsters to understand and operate. Today, when smartphones are widely popular,

young groups do not have too much doubt about the use of shared bicycles and

acquaintances say that they could actively recommend to each other with a

comparatively high degree of satisfaction.

Table 4. General satisfaction ratio towards shared bicycles.

Ratio (%)

1 2 3 4 5

Satisfaction Appearance 0 6.7 26.7 53.3 13.3

Function 0 3.3 33.3 46.7 16.7

Overall

experience

0 3.3 36.7 50.0 10.0

Lastly, from the final satisfaction results, we can see that the overall satisfaction score

of the respondents for the use experience of a shared bicycle is mostly between 3 and
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4, reaching 86.7%. And the total appearance score (over 3, 93.3%) is lower than the

total function score (over 3, 96.7%), of which the maximum score of 4 is 53.3% and

46.7% indicating that the respondents think that there is still some room for

improvement.

Table 5. Sample comments from shared bicycle users.

Subconstruct Users comments

Perceived Usefulness Pro It is very cheap especially for students actually.

Riding bicycles is good for relieving the traffic

pressure.

It helps reduce air pollution.

Con I have my own bicycle actually and I just ride

shared bicycles occasionally.

The damage rate of shared bicycles is very high.

Extrinsic Motivation Pro It is helpful to cope with short distance travelling.

The price is acceptable, and I do not need to buy a

bicycle myself.

Con I’m concerned about the safety problem because I

don’t own the bicycle myself.

I don’t know whether it is clean after others’ using.

Personal Outcome Expectation Pro There is no difference whether the bicycle is mine

or not. I only need a temporary travelling tool on

my way to work.

Con I can take a taxi instead because it is much quicker

and easier.

Perceived Ease of Use &

Complexity

Pro Youngers can handle this easily because we like to

try new things.

The using process is relatively easy to understand

and operate
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Nowadays almost everyone has a smartphone,

people know the APPs well.

The process is understandable.

Con It takes time to learn how to use it.

I prefer a real person to provide services but not

myself.

Subjective Norm Pro It is one step forward in the developing history of

travelling modes.

Con The reason that companies provide this kind of

service is just one way for earning more money.

Social Factors Pro It is becoming a symbol of a healthier lifestyle.

I can ride a shared bicycle with my friends.

Con Sometimes it makes the traffic worse actually.

Perceived Behavioral Control Pro The traffic problems need to be solved in big cities.

The government should encourage people to use

shared bicycles and regulate their behaviours.

Con The bicycles are damaged a lot by some people.

Facilitating Conditions Pro The companies provide good technical support.

The shared bicycle APPLICATION software and

other smartphones software (such as WeChat and

Alipay) are compatible.

Con Too many ads shown on the bicycles and mobile

APPs.

Sometimes the connection between mobile Apps

and bicycles is unstable and there will be a mistake

in the payment section.

Attitude Toward Using

Technology

Pro The development of human society always needs

more advanced technologies.
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Although I do not know much about the

technologies applied on shared bicycles, I feel it

awesome!

Con There is no direct relationship with me.

5 Analysis

From the OFO case study result, it can be easier to understand the origin of OFO and

the current situation of the shared bicycle industry in Beijing. For different recognition

layers, OFO’s performance could also be responding to the digitalization process.

Hence, an analysis section will be carried out in the following part.

5.1 Digitalization of bicycle-sharing system in four layers

The analysis of the evolution of the bicycle rental industry demonstrates the digital

transformation. Initially, a physical bicycle company provided simple bicycle trading and

rental service to tourists and other consumers who had leisure needs at the same time.

Due to the fact that the Beijing Olympic Games have shaken the bicycle industry,

bicycle demand has dramatically risen because bicycle renting is not only for leisure

use, but also to meet the need of the surge in the Beijing population. Associated with

the introduction of new digital infrastructure, smart city and green mobility schemes

have been promoted and raised an impact in Western countries. The sharing economy

was a trendy topic during appearance of Uber and Airbnb. Consequently, the traditional

bicycle rental module has been replaced by the bicycle-sharing system. However, the

same digital infrastructure has been applied such as the Internet of Things, Cloud

management platform, Big data analyst, mobile devices, the network technology to

integrate bicycle-sharing systems into society. Tables 6 and 7 are an explanation of our

analysis of the evolution of the bicycle rental industry that exposes the requirements of

digitalization from the digital infrastructure perspective in four different layers.
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Table 6. The computing requirements hierarchy.

Layers Discipline Example Requirements Challenges
Mechanical
requirement

Engineering Hardware,
motherboard,
telephone, FAX

Reduce community overload,
clashes, increase productivity,
synergy, fairness, freedom,
privacy, transparency

Unfairness, slavery,
selfishness, apathy, corruption,
lack of privacy

Information
requirement

Computer
science

Programs, data,
bandwidth, memory

Reduce cognitive overload,
clashes, increase meaning transfer
efficiency

User misunderstands, gives
up, is distracted, or enters
wrong data

Personal
requirement

Psychology Semantics, attitudes,
beliefs, feelings,
ideas

Reduce information overload,
clashes, increase data processing,
storage, or transfer efficiency

Processing hangs, data
storage full, network overload,
data conflicts

Community
requirement

Sociology Norms, culture, laws,
zeitgeist, sanctions,
roles

Reduce physical heat or force
overload. Increase heat or force
efficiency

Overheating, mechanical
fractures or breaks, heat
leakage, jams

Note, Whitworth, B. and Ahmad, A. The Encyclopedia of Human-Computer Interaction, 2nd Ed. Ch.24

Socio-Technical System Design.

Table 7. Requirements and challenges within 4 layers of OFO case study.

Layers Discipline Requirements on case study (OFO) Challenges on case study (OFO)

Mechanical
requirement

Engineering Shared bicycle body adopts left-right
symmetrical structure with steel alloy, non-
pneumatic tires, smartphones

Insufficient QR code, mechanical lock,
lack of maintenance service for damaged
shared bicycles.

Information
requirement

Computer
science

Narrow Band Internet of Things (NB-IoT)
based smart lock, GPS or CPS positioning
system, IoT, CMP, DMP, 4G

Limited power-consuming for information
transmission technology

Personal
requirement

Psychology Patterns of citizen mobility habits: i.e. user
gender, age, geographical location, cycling
duration and cycling paths, payment
platform usage (WeChat pay and/ or
Alipay), personal safety and environmental
concerns

Disorderly placement of shared bicycles.
the issue of private locks, intended
shared bicycle damage from competitors,
i.e. taxi driver, bicycle sellers

Community
requirement

Sociology Popularization of 4G network Lack of regulation for bicycle packing
and missing roles responsibilities for
users and company

5.1.1 Mechanical requirement

The disengagement of physical artifact logic and the logical layer which is controlled by

a set of digitalized disciplines. The first layer is showing a shared bicycle as an artifact

designed for sharing purposes which are considered the main practical functioning of

riding and security from bicycle thefts. Hence, the bicycle body adopts a left-right

symmetrical structure with a steel alloy, non-pneumatic tires and so on to reduce
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maintenance need. Due to the mass production of bicycles, the cost has been reduced

as well as the maintenance cost.

In Addition, China's smartphone penetration rate is 69% which is ranked in the middle

of the world (Baidu Baike, 2019). China's vast territory and complex terrain make it

difficult to ensure network coverage in some rugged areas. At the same time, the aging

population leads to the majority of the elderly not being used to using smartphones.

However, smartphones are everywhere in big cities of China such as Beijing.

5.1.2 Information requirement

The second is the logical layer, Narrow Band Internet of Things (NB-IoT) based smart

lock with Global Positioning System (GPS) tracking which benefits lower energy

consumption and steady network connection. Furthermore, OFO attempts to extend

mobile payment and Quick Response (QR) code for bicycle-sharing systems that also

enhances accessibility and security monitoring. For example, users could use their

smartphones to locate a shared bicycle that is closed to the user on the street rather

than go to a fixed dock location which might be farther away from the user. Besides,

actual access time with exact charges has been calculated due to the connection and

real-time data transaction. Therefore, it also increases the utilization of shared bicycles

and truly solves the last mile mobility.

Zhang Feng (2018), chief engineer of the Industry and Information Technology said

that China's 4G users are nearly 1 billion with a penetration rate of 70%, which is

higher than the average level of developed countries. The popularity of smartphones

accelerates the transformation of smart technology from high-end technology to

common life elements. The role of smartphones in daily life is constantly changing. At

first, it was just a communication tool. Then it gradually integrated the function of the

Internet, but it was still limited to online chat and web page browsing. Today's

smartphones can help us solve most of our daily problems quickly.

The functions of smartphones are becoming more and more diverse. Payment, picture

taking, communication platforms in various fields, all kinds of functions related to the

details of life and smartphones have become a necessity in modern life. Not only that,

but it is also the pursuit of the Internet experience from 3G to 4G, to 5G, which is still

accelerating. The result is that we have higher and higher requirements for

smartphones.
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The digital infrastructure is a fundamental element of digitalization that advocates the

bicycle rental industry from product-dominant logic to service-dominant logic. The core

service achievement of a fixed bicycle store was presenting a good condition bicycle

for sale or lease along with a staff member who can allow the occupant to access a

bicycle. The staff manages everything including selling, rental procedure, payment

handling, customer service, bicycle maintenance and bicycle store daily operation. Yet,

bicycle-sharing systems reframes and reconfigures the traditional industry in five steps.

From (1) dematerialization, (2) liquefaction, (3) unbundle ability, (4) re-bundle ability,

and the resulting potential for (5) increased density. This move has changed the market

landscape in shared bicycle usage from leisure to urban mobility.

At the first step, shared bicycles, sensors, and intelligent locks are principles that

cannot dematerialize the entire bicycle-sharing systems. The abandon of fixed bicycle

stores and fixed self-service docking stations, cash payment systems, and smart card

access that is identified step of dematerialization in the bicycle-sharing system.

Investment funding could be manipulated into digital infrastructure scrutinizing within

information architecture of bicycle-sharing systems from neglecting the high production

cost of physical equipment. Through digitizing the rental process, liquefaction has

occurred that bicycle rental information could be searched on the Internet or via mobile

applications along with floating parking places. Accordingly, a high volume of

information could be added, stored, and accessed as well as transformed into other

formats simultaneously for further implementation. Next, unbundle ability which allows

different payment methods selection in single bicycle-sharing mobile application

represents that there is no limitation for accessing the bicycle-sharing mobile

applications whether in Android or iOS mobile in the personal layer. And the rest of the

steps are discussed in the community requirement layer.

5.1.3 Personal requirement

The third layer is to unleash the benefits of massive data collected from shared bicycle

systems, and it is valuable to analyse for long-term urban mobility development

planning. For example, an Intelligent Transportation System (ITS) aims to enhance

transport mobility and security with less environmental impact adequately.

OFO has collected the data of 10 million bicycles and 200 million users in 250 cities

across the countries, which allow OFO to set up their own big data platform and share

it with 200 Chinese cities (Xinhua, 2018). Those data include user gender, age,
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geographical location, cycling duration and cycling path for the reflection of the pattern

of citizen mobility record such as cycling peak time, user age and gender composition

and so on.

From the case study, users' beliefs about the efficiency of markets cause three major

challenges for bicycle-sharing in China which are safety, air quality, and beautiful

streetscapes. Cycling in China is dangerous since there is almost no one wearing a

helmet. The main danger is that motorcycles and bicycles share the same lane or even

the sidewalk, and people often retrograde. Both motorcycles in Beijing and Shanghai

are electric, so it is hard to enjoy driving comfortably and quietly. In the future, it is not

hard to predict stylish helmets will pop up which can be attached to backpacks for easy

storage or other uses. The main cause of air quality in China is industrial emissions

(such as coal-fired power plants) rather than motor vehicles, and the main concern is

the inhalation of polluted air during cycling.

Based on the data collected from the questionnaire, summaries indicate that a high

degree of users adapt to new technology applications on a functioning interface as well

as high satisfaction on facilitating conditions such as bicycle companies providing

sufficient service and technical support and the connection between bicycle

applications and payment applications. However, a deeper understanding of

technology logic and the information architecture of the entire communication flow in

the bicycle-sharing system is not a concern for general users. Furthermore, the security

of private data is an increasing concern in China.

Unless a WeChat Pay or Alipay application is installed on the phone, most foreign

tourists cannot use the bicycle-sharing system in China, and some applications require

a Chinese ID number to use. This is certainly not easy for foreigners. Most systems

prohibit users from riding two bicycles at the same time, but most users will register

multiple applications. Thus, user competencies and interpretation of functionalities of

technologies were acknowledged in this layer.

5.1.4 Community requirement

The fourth layer, bicycle-sharing system is formulated from social political issues

initially. For all that, now there are new problems returned to the society. For the

popularization of the 4G network, the information and communication industry are not

only the fastest growing industry, but also the key and strategic basic industry of the

whole country. Today, information and communication infrastructure, like water,
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electricity, and gas, has become an indispensable public infrastructure for social

production and people's life. It continued to maintain rapid growth and increase

innovation vitality for decades along with the construction of the network power taking a

solid step forward.

Further than that, cloud management platforms and data asset management have

empowered the communication between networks and bicycle-sharing systems. This

re-bundle ability information architecture to the bicycle-sharing system enables real-

time interaction with high efficiency operations, therefore, users could locate a shared

bicycle, upload data, access a shared bicycle and lock it as completion of service. For

example, the Geographic Information System (GIS) was invented as a product of digital

innovation that helps data collection for bicycle distribution and bicycle utilization

occupation as well as users’ historical transactions. Digital innovation is leading the

bicycle-sharing system to the next level which is highly embedded social requirements.

The following examples of problem-solving ideas illustrate the critical role of digital

innovation in bicycle-sharing system.

5.1.4.1 From OFO’s mechanical lock to Mobike’s more intelligent lock

The shared bicycle application is completed through the information transmission

among "bicycle- cloud- smartphones", the most critical of which is the process of

unlocking the smart lock. In the whole leasing process, "intelligence (decision-making)"

is implemented in the cloud. Cloud application dominates the interaction with users and

the switch to operate the smart lock, which only performs user operations and cloud

instructions in the service process. In addition, cloud applications can also realize many

extended applications, such as Internet marketing, electronic fence, bicycle reservation

service, etc.

Figure 9. The principle of the intelligent lock.
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Note, Yiming, Wang. (2017). Analysis of the technical tools of shared bicycles.

To use OFO, users need to manually input the 6-digit vehicle code on the application

and the 4-digit unlocking password is displayed. Users need to manually turn the wheel

lock and then press the spring unlocking button. After riding, users need to press the

spring locking vehicle, turn the wheel lock, change the unlocking password, finally open

the application, and click to complete the riding to calculate the journey fee. The whole

operation process is tedious, and the learning cost is high. It is just like household

mechanical locks that need to take out the key to unlock each time and turn it manually

many times. Since, the key needs to be replaced.

Besides, OFO mechanical lock is weakly related to application functions which are

independent of each other and have a fixed unlocking password. As long as you

remember or do not disturb the password, you can unlock and ride through the

application or you can end the application 's journey in advance and continue to use it

resulting in a large area of OFO being privately locked and occupied in a private home.

After locking the bicycle, users have to enter the application to finish the ride. It is very

easy to forget to click the end of the application after locking the shared bicycle which

leads to the trouble of timing and deduction of fees. Even the simple structure of the

mechanical lock has aroused children's interest in cracking.

To compare, Mobike, the other leading brand in the market, has its consideration at the

very beginning. Users only need to open the application to scan the QR code on the

shared bicycle body and unlock it automatically. After the ride, the lock will end the ride

and the application will automatically end the timing and confirm billing. It is very simple

and convenient to use to minimize the phenomenon of occupying shared bicycles. For

example, after upgrading of the family door lock from a mechanical lock to a smart lock,

you only need to open and close it with your fingers. There are no troubles caused by

the key which brings convenience and comfort. At the same time, in the event of acts of

sabotage of Mobike, it will automatically ring an alarm to alert people of this uncivilized

behaviour like the home smart locks.

5.1.4.2 Electronic fence technology -- further application of positioning

system

Random parking of shared bicycles is very common in Beijing. Especially in the vicinity

of subway or bus stations during rush hour, some bicycles are placed on the sidewalk,

the slow lane, and even on the ramps of bridges, which brings safety hazards to the
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road traffic. Urban management is also facing great challenges. Shared bicycle is a

combination of code scanning and mobile communication technology of intelligent

terminal to complete rental service and fee deduction, while mobile intelligent terminal

basically has Bluetooth function. If it can participate in the service of rental bicycles,

combined with landmark Bluetooth, it will form an electronic fence with high accuracy

so as to provide technical support for solving the problem of parking shared bicycles

disorderly and improve the efficiency of supervision of bicycle-sharing.

During the interview, Bryan Tong also mentioned electronic fence technology. Its

working principle is to delimit an invisible fence through the chip transmission signal

coverage technology, which is sent by the Bluetooth transmitter or GPS chip and

connected with the shared bicycle. Only when the bicycle comes to the range of the

electronic fence and Bluetooth or GPS are connected, can the background system

allow the user to end charging normally. If users don't park in the designated electronic

fence and Bluetooth or GPS is not connected, the bicycle will not be locked. Of course,

the charging can't be completed normally, and the backstage will be charged all the

time.

At present, there are two main types of shared bicycles of electronic fence technology

in the market. One is Mobike’s Bluetooth with GPS, the other is OFO’s Beidou

navigation satellite positioning technology. Each of these two methods has its

advantages and disadvantages. Due to technical limitations, the satellite cannot

achieve 100% accuracy when positioning bicycles. In addition, the positioning will also

be affected by the actual environment. So, it is necessary to properly use the ground

enhancement system to position more accurately. The advantage of OFO’s technology

is the strong compatibility that most shared bicycles on the market can be directly

connected to the system. For Mobike, the positioning of the Bluetooth + GPS will be

relatively accurate, which can reach the submeter level. It can be controlled within 1

meter, but it needs to be equipped with ground transmitters. Sometimes, laying

transmitters needs to be equipped with construction lines and spikes, and the batteries

need to be replaced regularly. All these construction and maintenance costs a lot.

Generally, according to the length of the electronic fence, at least four spikes should be

installed, and the cost of each year would be more than ten thousand yuan. This may

also affect the city's appearance. Hence, the application of electronic fence technology

is helping to solve the problem of shared bicycles in disorder to a large degree, but it

still needs to be further improved.
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Figure 10. The blue bulge on the ground is the "spike". (Once it is found that the shared bicycles are not

locked in the specified area, they will send instructions to the CMP, let the shared bicycle lock pop up and

send a prompt message to the user's smartphones to urge the user to park the bicycle in the appropriate

position.)

Note, Elecfans. (2019). 5G technology standardizes the management of shared bicycles.

5.1.4.3 The coming 5G

In addition to the electronic fence technology mentioned above, the arrival of the 5G

era has also generated other new technologies that could be applied to shared bicycles.

5G will be the fifth generation of wireless communications technologies supporting

cellular data networks. The main advantage of the 5G network is that the data

transmission rate is much higher than the previous cellular network up to 10Gbit / s

which is faster than the current wired Internet (100 times faster than the previous 4G

LTE cellular network). (China Science Communication, 2020). Another advantage is

the lower network latency (faster response time) which is less than 1 millisecond (30-70

milliseconds for 4G. Due to faster data transmission, the 5G network will not only

provide services for mobile phones, but also become a general home and office

network provider competing with cable network providers. Previous cellular networks

provided low data rate Internet access for mobile phones, but a cell phone tower could

not provide enough bandwidth economically as a general Internet provider for home

computers. As a result, to meet the demand for the explosive growth of mobile data, it

is urgent to develop a new generation of 5G mobile communication networks.
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Under this circumstance, how to combine 5G technology with shared bicycles has

become a consideration for companies. Face recognition and object recognition

technology have already been implemented in Shanghai's bicycle-sharing industry with

the form of "bicycle recognition + illegal behaviours recognition". With the support of the

local traffic management department and the Public Security Department of Minhang

District in Shanghai, Helloglobal (a shared bicycle brand) has installed two cameras on

the pole in front of the Zhongchun Road subway station. The self-developed artificial

intelligence system named “Argus” is used to monitor the bicycles and pedestrian

behaviours at the station entrance in real-time.

Liangliang Ren, the vice president of Helloglobal, said (2019) that the vehicle and

pedestrian behaviours in this station are distinguished by a different colour of frames,

which respectively represent Helloglobal bicycles, Mobike bicycles, other brands of

bicycles, electric motor vehicles, pedestrians, etc. This system sets thresholds for

different recognition objects, such as the total number of shared bicycles. If it exceeds

a certain number, the system will alarm and let the maintenance personnel intervene in

advance and conduct allocation. Otherwise, there may be too many shared bicycles

near the station, which may cause traffic inconvenience. Even the alarm and reminder

intervention are also based on the automatic dispatch realized by artificial intelligence,

which can accurately distribute the orders according to the work conditions of different

maintenance personnel, thus improving the operation efficiency.

5.1.4.4 Big data algorithm and application

Technology innovation provides a lot of possibilities for service enhancement and

breakthrough. Big data in the bicycle-sharing industry was collected from users

conducted on shared bicycles. This data involves hidden users' patterns and

behaviours. The usage of sensors, which is a device for converting information to

electrical signals, can provide data for multiple results through different algorithms

settings. For instance, environmental sensors aim to gather density of hazard gas in air

for air pollution monitoring as well as body sensors for human health parameters

monitoring. Through big data algorithm analysis techniques such as data mining and

deep learning, big data could be useful for enhancing bicycle-sharing system operation

process and solution, forecasting market trends, delegating urban mobility planning as

well as monitoring individual health from historical data.



45

Yet, big data analysis results are contributed to increased efficiency to OFO operational

purposes. The company optimizes the utilization of shared bicycles by gathering and

redistributing its busy spots based on the geographical footprint and processing of big

data algorithms. Another advantage of big data for OFO is diagnosing a damaged

shared bicycle by offering incentives when users reported flawed bicycles (Wray, S.

2017). Thus, OFO is supported by this type of information and acts accordingly.

Moreover, OFO had planned to share their big data platform with 200 city

administration authorities in China in order to improve mobility infrastructure and traffic

management in China (Lung, N. 2018). For example, figure 11 shows there are shared

bicycles ready to occupy which are in green, otherwise, red spots indicate shared

bicycles are in a lack of supply status in the map (Wray, S. 2017). In addition, the

population who use shared bicycles has expanded extraordinarily. This also brings

insight to administration authorities that the exertion of road infrastructure and

regulation that has to meet the community requirements such as erecting safe riding

paths and parking slots as well as regulating shambles parking issues and bicycle

stolen crimes and so on.

Figure 11. The shared bicycle positioning map.

Note, Lung, N. (2018). China to improve traffic management with big data shared by ofo bike.
OpenGovAsia.com.

Since big data involves a high volume of personal data, the extended concern of

personal data protection laws and bills is now taking a critical challenge in data

collection. Notably, the goal of the EU's General Data Protection Regulation (GDPR)

(European Commission, 2018) which is set up for personal data and strengthen the

https://onlinelibrary.wiley.com/doi/full/10.1002/poi3.187
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privacy rights of EU individuals, aims to give users control over their data.

Notwithstanding, big data surveillance configuration diverges because of differences in

the political structure of the Chinese society, cultural setting, and social protocol.

China's Social Credit System's ambition for monitoring, controlling, and shaping its

information atmosphere is shared among governments. This also brings users

awareness of the importance of data.

Finally, the resulting potential for increased density is to maximize the utilization of

shared bicycles. The value proposition has shifted from bicycle functional to the

network connecting and other digital platforms for accessibility solutions such as mobile

payment method, bicycle positioning, unlock bicycle procedure and so on. New digital

infrastructure facilities with new value creation occurred such as mobile Application

connection with bicycle positioning which provides information for reaching location for

a shared bicycle.

Although the Chinese smartphone market needs to be further promoted, mobile

payment in China is very advanced. It is undoubtedly that China is leading the field of

mobile payment due to the population and single currency in one country. In contrast,

the low velocity of development in the field of mobile payment in countries within the

European Union as well as other developed countries causes by the currency diversity

and existing payment habits such as credit cards. Therefore, a phenomenon of the

rapid development of mobile payment in developing countries because existing

payment habits have not got deep roots. According to the 2019 global consumer insight

survey conducted by PWC (Price Water House Coopers), eight of the world's top ten

mobile payment markets are in Asia with China's mobile payment penetration ranking

first in the world. Globally, 86% of China's population uses mobile payment which

shows the social cultural interaction is taking a significant role within the bicycle-sharing

system. Through mobile payment platforms such as Alipay and Wechat pay, people

can easily pay in a variety of life scenarios without carrying cash or bank cards. The

user only needs to scan the QR code provided by the merchant with the smartphone

that binds the bank card in advance to complete the payment operation.
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6 Conclusions

This thesis made a summary of the general digitalization process of bicycle-sharing

systems according to four different layers and explored how OFO, the representative

company in Beijing, emerged and evolved according to these layers. The case study

successfully provides insights into the major socio-technical requirements and how the

emergence of bicycle-sharing systems affects conceptual user challenges.

To answer the research questions, the origin of OFO experiences the mass of the post-

Olympic era in which there is a need to reform the bicycle rental market. Then, with the

help of digital innovation, OFO was born and occupied the local market rapidly. Even

though the expansion also causes some social problems, there is no doubt that OFO

makes a huge step forward.

For the second research question, the result of case study and interview successfully

visualizes the application of digital technologies that can fulfil the mechanical

requirement and the information requirement. From digital infrastructure which is the

foundation of digital innovation for the traditional industry in consideration of

digitalization, it has contributed to information architecture advancement. Digitalization

is obligating the shift from product-dominant to service-dominant for the traditional

industry. This new environment of digitalization provides an opportunity to mash-up

across different product architectural boundaries. Devices, networks, services, and

content that were created for specific purposes are now being fusion for re-purpose its

usage to not only mobility from one point to another. New extend functions could be

conducted with personal health records, CO2 emission record, as well as social

technology using habits. For instance, recording riding bicycle routes and share to

social media would be another service extend by merging technology with bicycle

sharing system for social purpose.

Moreover, the collected data from the questionnaires that the users’ perspective

diagnoses provides the space for a system development in the personal level. And

community level, the new generation of communication technology innovation is the

future. Under the promotion and development of 5G, in addition to the above-

mentioned technologies such as the electronic fence and spikes, the development of

artificial intelligence (AI) may further enhance the construction of bicycle-sharing

ecosystems which can make the user-bicycle interconnection more stable, fast and
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efficient. In short, 5G will help consolidate the infrastructure and optimize the user

experience.

Consequently, in the view of the quality of physical bicycles and the functionality of

mobile applications, OFO, as well as other bicycle-sharing companies, still needs to

conduct innovative motions to cope with the fierce market competition.

7 Discussion

OFO bicycle-sharing company has been selected because of a case study to witness

the evolution of the shared bicycle industry in China. It was because OFO was the

company to bring in bicycle-sharing concepts from Western countries and the first to

emerge in China. However, other shared bicycle service providers such as Mobike also

could be considered as the milestone in the developing history of shared bicycles by its

unique innovative strategy or technology.

Moreover, the result of the questionnaire has demonstrated the human factor in a

measurable presentation as well as the findings of the personal requirement in socio-

technical systems. At the same time, in the process of case investigation, due to the

limitation of data gathering, there might be a deviation in the analysis of OFO’s actual

developing process. Also, the limited participants of the questionnaire may result in

inadequate data on the reflection of the real situation. Yet, the UTAUT model has been

clearly separated into four specific parts for different prospects and the tight linkage

between parts may supplement each other to some extent.

Next, there is a drawback in this research, a large gap is inevitable between the

industry level (designers’ view) and individual level (users’ view) in the process of the

research. However, an interview of the organization has been performed on time to fill

that gap. The authors believe that user experience is another important factor in

pushing the bicycle-sharing system forward. Although the socio-technical system and

the UTAUT model has been presented in this thesis to draw attention to the importance

of user experience and tried to build a linkage between those layers. Still, the

interpretation of users' experience in this thesis was deficient to show the tight

intertwined relationship and its impacts due to the limitation of time and scope. To

compare the differences in population density, economy, transportation and other

environmental aspects between Beijing and other urban areas in China, it is also

difficult to get the references from each other.
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In terms of implications for research and practice, it is necessary to consider verified

factors which could affect bicycle-sharing system design. For example, the coordination

with local government and transportation departments should be taken into account

when applying new technologies or constructions. Suggested topics like business

development, pricing competition, bicycle area chosen, and other aspects also may

have an impact on the market and we only discuss from a technical perspective in this

thesis. Considering the future research, it would be necessary to think about the

different influential perspectives such as the business strategy or user experience

design.

All in all, the authors still believe that insisting technical innovation will be the core

competition capability for exploring better digital infrastructure design of bicycle-sharing

systems.
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9 Appendix
9.1 Appendix 1

【An interview question list for CTO (Chief Technology

Officer) of OFO, Bryan Tong】

1. What is the difference between today’s shared bicycle industry and before?

2. What is the background of the emergence of OFO? How is it born?

3. What is the inner driving force making the success of OFO?

4. What are the core technologies of OFO?

5. What do you define the relationship between shared bicycles and users?

6. How do you recognize the digitization process of the shared bicycle industry?

7. How do you recognize this digital development happened on bicycles affecting people’s life?

8. As the first shared bicycle company in Beijing, even in China, what do you think is the biggest

obstacle on the way?

9. What kind of digital innovation happened during the development of the shared bicycle industry?

10. As more and more competitors come into the market like Mobike, what changes has OFO

made?

11. What is the next step of OFO? Where is the future of shared bicycles?
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9.2 Appendix 2

【A survey on the use of shared bicycles in Beijing】

Questionnaire in users’ perspective:

(a) Performance Expectancy and Effort Expectancy

1. Do you use shared bicycles?

2. What made you decide to use shared bicycles in your daily life?

3. What are the benefits of shared bicycles?

4. What are the advantages compared with a traditional bicycle rental system?

5. What are the disadvantages of shared bicycles?

6. How comfortable are you using shared bicycles?

7. How do you use shared bicycles to improve your efficiency?

8. How did you come to trust the new technologies applied on shared bicycles?

(b) Social Influence

1. Have you encouraged your colleagues to use shared bicycles?

2. What have you done to encourage them?

3. How enthusiastically have you advocated the use of shared bicycle services?

4. What kind of effect personally to you since you started using shared bicycles?

5. How many friends of you are currently using shared bicycles?

(c) Facilitating Conditions

1. What type of practice did you do before you started to use shared bicycles?

2. How long is the practice?

3. What do you think the practice procedure should be?

4. What kind of technical support do you receive (both online and offline)?

5. How do you feel about the support you are receiving?

6. What does the company do to encourage you to continue to use this service?

7. Are you satisfied with the kind of support you have received?

(d) Attitude toward using shared bicycles

1. Are you satisfied with the current shared bicycles?
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2. Do you exactly know what technologies shared bicycles are using?

3. What would you expect from shared bicycles in technical perspectives?
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9.3 Appendix 3

【Questionnaire result】

Diagram 1.

Basic information Description Data (person) Ratio (%)

Gender Male 17 56.7

Female 13 43.3

Age Under 20 4 13.3

20 to 29 16 53.3

30 to 39 8 26.7

over 40 2 6.7

Marriage Married 5 16.7

Unmarried 25 83.3

Education Junior high school and below 1 3.3

High school 5 16.7

Undergraduate 16 53.3

Master’s degree 6 20.0

PHD 2 6.7

Occupation Government organs 2 6.7

Private enterprise 5 16.7

Freelancer 2 6.7

Student 18 60.0

Others 3 10.0

Income (RMB) under 3000 19 63.3

3000 to 5000 4 13.3

5001 to 10000 4 13.3

over 10000 3 10.0
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Diagram 2.

UTAUT Description Agree

Ratio (%)

Performance

expectations or

experiences

I would find the bicycle-sharing service useful in

my daily life.

83.3

Using the bicycle-sharing service improves the

efficiency of my life.

73.3

Effort expectations or

experiences

My interaction with the mobile APPLICATION

would be clear and understandable.

86.7

My interaction with the physical bicycles would

be clear and understandable.

73.3

It would be easy for me to use and operate kinds

of functions in the service.

80.0

Social influence People who influence my behavior think that I

should use this service

63.3

The organization has supported the use of the

service through financial inputs or IT support.

76.7

Facilitating conditions I have the resources (mobile phone for example)

necessary to use the service.

96.7

I have the knowledge necessary to use the

service.

93.3

The system is compatible with other systems I use

(Wechat and Alipay for example).

100
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Diagram 3.

Ratio (%)

1 2 3 4 5

Satisfaction Appearance 0 6.7 26.7 53.3 13.3

Function 0 3.3 33.3 46.7 16.7

Overall experience 0 3.3 36.7 50.0 10.0
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