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NEED FOR SMART MOBILITY AND CHALLENGES AND
OPPORTUNITIES FOR TRANSITIONING TOWARD IT IN
CAR-DEPENDENT COUNTRIES: INSIGHTS FROM LITERATURE

Summary. Car dependence is a trend brought about by the desire for comfortable
transportation, in many countries around the world. After the invention and
acceptance of automobiles, cities were designed with layouts that favored
automobiles at the expense of other forms of transportation. However, the situation
has changed with research and execution of plans for smart cities, with smart
mobility transition taking centre stage. The purpose of this research is to highlight
the need for transition to smart mobility, provide detailed description of various
aspects of smart mobility and analyse the challenges and opportunities associated
with the transition to smart mobility in car-dependent countries. A thorough and
critical review of the literature has been done to achieve the aim of this study.
Previous research efforts indicated that car-dependent cities have experienced
several challenges in their transition to smart mobility, including inadequate
infrastructure, low acceptance of new technological solutions, inadequate
knowledge and framework for big data, financial constraints, data quality
management, integration of data from different sources, privacy issues, and
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development of appropriate of government policies. There are several promising
recommendations, which implementation is expected to help car-dependent
countries overcome the above challenges and open opportunities for a successful
transition. These recommendations include implementation of aggressive
government policies, practicing greater inclusivity, and planning for the future of
smart mobility by investing in Internet of Things (I0T) applications and reliable
infrastructure. To facilitate the decision makers, challenges have been mapped with
recommendations for transition to smart mobility, in light of the review findings.

Keywords: mobility challenges, mobility transition, smart mobility
implementation, car-dependent countries

1. INTRODUCTION

Urbanization during the 20th century brought about a population shift from rural to urban
centres [1]. More than half of the global population resides in urban centres [2]. The growth of
population densities in these centres needed to be supported with good transportation links. An
efficient transportation network was the driving force behind labour productivity and an
attractive business climate. The desire for mobility brought about an undesirable trend,
currently referred to as car-dependence. According to Litman [3] car-dependency happens
when land use favours the car, more traveling per capita takes place through automobiles, and
no or few transport alternatives exist [4].

There are several countries, which continue to struggle with car-dependence, especially those
in the Middle East [5]. Their car-oriented nature was further compounded in the 1970s, with a
major economic boom. Since then, the car dependence of this city has only grown [6]. However,
after years of car-dependence, many countries (including Saudi Arabia) around the globe have
come to a similar conclusion: a seismic shift in the trend of urban mobility is required to
overcome some of the challenges of car-dependence. Therefore, urban cities worldwide are
pushing for the transformation of existing urban centres to smart cities through the adoption of
smart city concepts and technologies [7].

Currently, cities around the world are exploring and executing their smart city plans, which
are supported through the accelerated pace of smart technologies [8]. Drawing from the research
conducted by Caragliu et al. [9], there is a lack of consensus on the definition of smart cities.
Despite no common definition, Hajduk [10] reported in his study that the smart city concept is
found to increase the quality of inhabitants living in urban cities and helps to solve urban areas’
issues such as land use, public services, infrastructure system, environmental pollutions, and
mobility challenges by using innovation and technology.

One of the key components of a smart city is smart mobility. According to Surdonja et al.
[11], a city cannot be sustainable without the adoption of smart mobility. Trombin et al. [12]
define smart mobility as a combination of innovative transport solutions and development of
current systems to fulfil passenger and freight transport demand. Innovative solutions
incorporate the use of innovations in vehicle technology and information technology (IT)
services to provide efficient transport solutions. On the other hand, the development of systems
is focused on the improvement of existing systems for smooth operation of these modern
technologies.

Transitioning to smart mobility is well-recognized as the first phase for the success of the
transformation to smart urban cities. Smart mobility is multi-faceted and has recently piqued
the interest of local municipalities and authorities and several other stakeholders who
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participate in city planning and development [13]. In this regard, Porru et al. [14] suggested
that smart mobility can improve sustainability, minimize carbon solutions, improve quality of
life, and reduce traffic and parking challenges. Smart mobility is a vision of smart cities
whereby city occupants do not need to depend on automobiles, but rather on alternative means
of transportation backed by technology and non-technology innovations. Therefore, any city
seeking to transition to smart mobility anticipates a revolution that proposes to transform the
transportation system. Moreover, recent developments in smart mobility are spearheaded by
entrepreneurs in the transport industry, vehicles manufacturers, and it is expected that the
number of vehicles will reach more than two billion by 2030 due to global urbanization [15].
The new approach of smart mobility seeks to restructure the conventional urban mobility
system, which has become a problem due to the resultant rapid congestion and its focus on
traffic and roads, rather than people [16]. As a result, more countries have begun plans to shift
to smart mobility in urban settings. In this regard, employment of information communication
technology (ICT) has been greatly extended to enhance access to transport services [17].

Several car-dependent countries have gone ahead to initiate a full transition to smart
mobility. Notable examples of these countries include France and England. In France, many
cities, such as Lyon, have adopted a smart mobility solution in the form of shared mobility [18].
Similarly, in England, London has continued to lead the way in smart mobility transition based
on its well-integrated system of public transport. Despite these successes, the process of
transitioning car-dependent cities to smart mobility has not been a walk-in-the-park. The
process has been hindered by several challenges.

Therefore, the purpose of this research is to facilitate the transition to smart mobility by
providing a review of state-of-the-art research about its concept, components, and progress
made in achieving it and determining the challenges and opportunities of transitioning to smart
mobility in car-dependent countries. It was done by conducting a thorough assessment of
literature related to all the above components and the case studies related to the cities which
have made significant progress in such transformation. Moreover, recommendations related to
tackling the challenges proposed by fellow researchers, were also gathered and compiled in this
research. Presently, there are no studies found which cover these aspects related to smart
mobility. It is expected that such a review will facilitate the transition of car-dependent
countries to smart mobility options. It would enable them to anticipate the challenges during
the planning stages and adopt remedial strategies, thus saving costs and efforts.

The rest of the paper is organized as follows. Section 2 provides an overview of the approach
adopted for collecting the literature and its review. The need for transition to smart mobility is
established through the review of negative impacts of car-dependence in section 3. Then,
section 4 elaborates more on the concept of smart mobility and its components and highlights
its potential impacts. Section 5 presents some of the case studies for cities who have shown
comparatively more progression towards smart mobility. Section 6 presents the findings of the
literature and enumerates the challenges and recommendations for transition. Finally, section 7
highlights the main conclusions and recommendations of this study.

2. METHODOLOGY OF REVIEW

This research used a modified systematic literature review (SLR) to determine the challenges
for smart mobility transition in car-dependent countries. Xiao and Watson’s [19] guidelines on
SLR, were modified to come up with an approach applicable to the research. The approach
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followed the three steps shown in Fig. 1. The figure also shows the primary tasks carried out in
each step. An explanation of the methodology is provided as follows.

PLANNING THE Research question
REVIEW Keywords

Searching authentic
CONDUCTING platforms
THE REVIEW Filtering the results

REPORTING THE Identifying trends
RESULTS Identifying future needs

Fig. 1. A typical systematic literature review process

2.1. Planning the review

Planning the analysis involved formulating and validating the research question and the
review protocol. In this case, the research questions were formulated from the purpose of the
study. They included the following:

What is smart mobility?

What are the negative impacts of car-dependency?

What are the components of smart mobility?

What are the observed and potential impacts of smart mobility?

What are the challenges for transition to smart mobility in car-dependent countries?
How the challenges have been or could be tackled?

The review protocol was valid since it helped in answering the research question by
identifying relevant research efforts and extracting and analysing qualitative data.

2.2. Conducting the review

The first step of this phase involved searching titles of literature to identify relevant articles.
In this case, eight key phrases were used, exclusively and in-combination, for the Google
Scholar literature database search. These phrases included smart mobility, smart mobility in
car-dependent countries, challenges for smart mobility transition, mobility, cars, challenges,
transition, and implementation. However, only the first twenty pages of the database search
results were analysed to identify potential articles for this research. All duplicate articles were
excluded later. The second step involved screening the identified articles for inclusion using
their abstracts. Only articles with their primary objective related to smart mobility and/or car-
dependency and challenges to smart mobility transition were included. The third step involved
assessing the quality of the identified literature by scanning through full-text literature. Peer-
reviewed journal articles and technical reports, sourced from reputable databases and
publishers, were considered acceptable and included in the research. Most online technical and
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conference reports were excluded based on this criterion. However, some of them were still
used in this research as their findings were confirmed/supported by other articles.

During the analysis, the articles were treated like interview transcripts. This meant that each
article was critically reviewed in light of the research questions, and relevant information, as
per the scope of this study, was extracted. Ideas, extracted from different studies, were sorted,
and organized as shown in methodology review process in Fig. 2.

Records identified through
database searching

|

Records after duplicates removed

l

Records screened Records excluded

l

Full-text articles Full-text articles
assessed for eligibility excluded,

[ Screening ] [ Eligibility ] [Identification]
\ 4

h 4

Studies included in
thematic synthesis

Included

Fig. 2. Systematic review flow diagram

As shown in Fig. 2, the search methodology started with a general search using the keywords
related to smart mobility. Since multiple sources were used for this search, duplicate records
for these sources were combined. After that, the remaining documents were assessed for their
eligibility and access. From this step, articles/studies from reputable sources with full-text
access were used for review and synthesis development for this research.
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2.3. Reporting the review

There were approximately 120 articles/studies, found from reliable sources, relevant to the
transformation of cities to smart mobility. The distribution of these articles is shown in Fig. 3.
Out of which, eighty-four (84) articles were found related to the scope of this research which
covered either research related to smart mobility and its transformation, or challenges to this
transformation and measures to overcome them. The excluded articles were those which dealt
with specific technological or modelling aspects, thus considered irrelevant. The included
literature was based on the technology, infrastructure, data management, social, financial,
economic, political, and environmental factors related to transformation to smart mobility.
These articles were reviewed to identify the requirements, and present future needs for the
transition to smart mobility. Then, the results were formulated and reported in the context of
car-dependent countries. It should be noted that the bibliography of the present study also
contains, in addition to the above-mentioned 84 articles, articles which provided introduction
to the basic terminologies and trends related to smart cities and mobility.

Peer Reviewed Conference Proceedings -

Books, Theses and Technical Reports

Type of reference

0 10 20 30 40 50 60 70
Number of references

Fig. 3. Distribution of sources of literature

Fig. 4 represents the distribution of references, of the above-mentioned 84 articles, regarding
the time of their publication. It can be noted that the majority of them were published between
the period 2010 and 2020. In comparison to them, references published before 2000 were found
to be very few. This increase in popularity is greatly associated with the accelerated pace of
technological advancement in transportation and its associated fields. However, this
distribution should not be taken as the true representative of the research published in this field
of smart mobility. It is because references were filtered, on the basis of methodology shown in
Fig. 2, before using it in this research.
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® Pre-2000s = 2001-2010 = 2010-2020 2021 onwards

Fig. 4. Temporal distribution of references

The references were also analysed with regard to their keywords. Fig. 5 provides a
representation of these keywords as a word cloud. These are the words which repetitively
appeared in the references and the search results. In this figure, the size of the word is an
indicator of its use in the given text. A free online tool (https://www.cortical.io/freetools/
extract-keywords/) was used for the extraction of keywords from the references. It can be
observed from Fig. 5 that the “transport”, along with its derivative “transportation”, and “smart”
were the most common themes among the literature found in this area. It should also be noted
that the mention of car-dependent countries and transition seldom appears in the literature,

which justifies the need for the present study.

Fig. 5. Word cloud of keywords
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3. CAR-DEPENDENCE

It seems pertinent to highlight some of the important issues linked with car-dependency and
the ill-effects caused because of the car-dependence trends. These effects are the instigating
factors behind the efforts for transformation to smart mobility.

As mentioned earlier, car-dependence is a result of the processes of urbanization and
economic growth. While Mattioli et al. (20) states that car-dependency does not only depend
upon individuals and land use areas, but also transport policies and the nature of trips play an
important role in defining car dependencies. The results of such transport policies may result in
the lack or insufficiency of public transit services for the ever-expanding suburban areas of
metropolitan cities [21]. A car-dependent mobility system contributes to major transport
problems such as congestion, emissions and shortage of urban spaces [22]. Research has also
shown that car-dependency is not only linked with population density, or its relevant
parameters, personal choices and characteristics also impact the extent of car use [23].

One of the important aspects of this trend is the effect on road safety. Car-dependency results
in more vehicle miles travelled per capita, which increases the exposure to accidents [24].
Another side of this issue is the preference of car-travel in the policymaking and road design
process, which, consequently, adds to the disadvantage of other mobility options, such as
cycling and walking. These trends result in a lack of facilities for other mobility options and an
increase in relevant safety hazards [25].

Car-dependency trends and their favoring policies are considered unjust, which produces
social and political inequity [26]. These trends inherently support certain sections of the society,
which are car users, at the expense of suppressing the others which cannot afford cars. One of
the challenges faced during the change from car-dependence is the resistance from the groups
which benefit from the prevalence of car-ownership and use. These groups may include
automobile manufacturers and fuel suppliers, among others [27].

Another important aspect related to car dependence is its environmental effect. Abdelhamid
et al. [28] has linked the car-dependence trends with the increase in traffic congestion, which is
a measure cause of environmental emissions from the transportation sector. Consequently, the
effects of automobile-dominant traffic congestion have been reported on the health of residents,
especially in the urban areas [29]. The per-capita CO2 emissions produced by cars are
considered highest among the passenger transport modes operating on land [28]. Cox [30] has
argued that some of the smart mobility options, such as ride-sharing and driverless vehicles, are
an effort to redesign the car-dependent regime to a “greener alternative”. On the other hand,
other researchers have advocated the use of comprehensive strategies, such as Mobility-As-A-
Service (MaaS), as a sustainable solution to reduce vehicle ownership and its resulting
environmental impacts [31].

Another important issue related to car dependence or usage is the consumption of fuel. In
the USA, it was reported that about 66% of the petroleum consumption was in the transport
sector in 2008. Fuel consumption is directly linked and measured through CO2 emissions,
resulting in policies being devised at the national and international levels to curtail it [32, 33].
Despite the concerns over the depletion of fossil fuel and other natural resources, almost the
entire transport sector is operated on fossil fuels worldwide [34], although there may be some
exceptions in specific countries [35].

The above discussion, although not being extensive, provides enough evidence regarding
multidimensional links and effects of the car-dependence paradigm and the necessity to shift
from it. This, consequently, justifies the need for and importance of the current research which
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could help the planners and authorities to set up their path for shifting from car-dependence to
more sustainable options related to smart mobility.

4. SMART MOBILITY

As mentioned earlier, there is no single agreed upon definition of smart mobility in the
literature. Biyik et al. [36] considers smart mobility as a set of technological actions which
considers social aspects of citizens during implementation. A smart mobility system may
contain different sets of technologies based on local and regional stakeholders and their
respective policies. Smart mobility may include connected and autonomous vehicles, public
transport, mass transit, biking, walking, and shared mobility [37]. Surdonja et al. [11] indicated
that many smart mobility solutions are based on Information Technology (IT).

Maldonado et al. [38] identified different components or drivers of smart mobility system
including, but not limited to, public transport, car sharing, internet of things, internet
communication and technology, electric mobility, smart payment system, and intelligent
transportation system. The study also explains the role of mobility plans and transport policies
in executing any smart mobility system. Fig. 6 shows the components of smart mobility which
were gathered from Noy and Givoni [37] and Maldonado et al. [38]. The proceeding subsection
provides a brief discussion about each of these components.

Smart
Mobility
Public Transit Electric Mobility Shared Mobility
Vehicle Technology Car-pooling, ride-
sharing, bike-
sharing, etc.

Internet of Things (IoT)

Fig. 6. Components of smart mobility
4.1. Components of Smart Mobility
4.1.1. Public Transport
The increase in population mandated the employment of public transportation systems.

These services can be used on a sharing basis by the general public [39]. Since its inception,
public transport has gone through many developments with the support from technology. These
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developments include use of GPS/GSM systems to reduce waiting time of travelers [40], use
of electric buses, integration of the bus system with Internet of Things (1oT) [41] and use of
vehicle-to-infrastructure (\V2I) technologies for prioritization of public transport buses [42]. A
review of the more recent literature shows that researchers have been investing more efforts in
the utilization of big data and IoT for improvement in the operation and management of public
transport systems [43].

4.1.2. Internet of Things (loT)

As mentioned above, 10T has become the focal point of many researchers who are working
in the area of mobility. 10T is a network of numerous intelligent communicating devices which
are spread around us. This is a system of these heterogeneous devices which can be connected
to each other [44]. The greatest advantage of l0oT systems is the exemption of a human interface
for transfer of data and taking of decisions [45]. In the field of transportation and mobility
management, 10T systems could be established with the connection of Radio Frequency
Identification (RFID) tags installed on the vehicles, mobile devices, sensors and actuators and
traffic control devices which are installed along the roads [46]. The potential use of such
systems has greatly boosted with the increased capacity of communication systems, such as the
advent of 6G networks. These advancements have made it possible to establish fast and secure
connections beyond the boundaries of different media (air, water, ground) [47]. However, there
are issues identified with the wide-spread use of 10T systems, which are identified as possible
challenges hindering the realization of the full potential of IoT systems. Some of these
challenges include collection and management of data from various sources, and privacy issues
related to the use of data over a platform [48].

4.1.3. Electric Mobility

The electric mobility concept was initiated mainly due to the environmental impacts of the
transportation sector [49]. Moreover, they are also seen as a potential solution to reduce fuel
consumption [50]. This is one of the reasons that the preliminary focus of the automobile
industry was on the electrification of cars, as these cars constitute the majority of traffic flow
globally [51]. Dijk et al. [52] have identified that the rise in fuel prices and implementation of
carbon emission constraints have pushed the industry towards investing more in the field of
electric mobility. They have also mentioned that the development of this technology depends
upon the in-place infrastructure, and changes in electricity and mobility sectors.

Leurent and Windisch [53] identified the establishment of recharge infrastructure, its
connection with the electricity net and required technological progress in the vehicle industry,
as the challenges for the implementation of electric mobility. Later research has reinforced the
existence of these barriers and also showed that decision-making at different levels also
influences the penetration of electric mobility in the current market [54]. With regard to the
promotion of electric mobility, cost incentives and availability of charging infrastructure have
been identified as efficient policy measures to attract buyers [55]. This has been further
corroborated by Rietmann and Lieven [56] who found that countries with high purchasing
power have higher market share for electric mobility.
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4.1.4. Shared Mobility

Shared mobility, similar to public transport, is not strictly linked with smart mobility. But it
has been given its due importance within the smart mobility options and solutions. It refers to
all the alternatives of/for trips, encompassing various mobility resources, to disconnect usage
of mobility from ownership [57]. Shared mobility comes under the paradigm of shared
economy, wherein, assets are shared among different entities, increasing their utilization rates
[58]. The current trends in blockchain technology and 10T are taking the car-sharing approach
forward with time [59]. This is expected to increase with the propagation of Autonomous
Vehicles (AVs) [60].

One of the most common and earliest forms of shared mobility is car-sharing, which supports
the use of car services without being bothered by parking issues. Different car-sharing models
have been implemented since its inception, including fixed trip-based, floating use-based and
peer-to-peer models [61]. Moreover, other services, such as; bike sharing, microtransit, ride
hailing have also evolved [62]. Efforts have been made to integrate all possible options of ride-
sharing, along with public transport, to discourage car-ownership while providing the flexibility
of mode choice to the travelers. Such integration has resulted in the development of Mobility-
As-A-Service packages and models.

4.2. Impacts of Smart Mobilities

Yigitcanlar and Kamruzzaman [63] explained how the internet and smart technologies
affected the commuting patterns in smart cities, thus emphasizing the importance of public
choices and opinions within smart mobility policies.

Numerous studies have compiled a list of the possible advantages of smart mobility for city
residents and society at large. The first advantage is the reduction of traffic congestion. Midgley
[64] has provided evidence from 16 countries, mainly in the European region, that the use of
smart sharing technology has reduced traffic congestion in previously car-dependent countries.
Secondly, smart mobility benefits residents and society by reducing air and noise pollution [65].
Thirdly, smart mobility increases the safety of transit-riders [66]. Smart mobility uses advanced
technology to coordinate traffic in a manner that ensures the safety of road users. Lastly, smart
mobility reduces transfer costs between different modes of transportation [67]. The possibility
of these benefits of smart mobility has made it a worthy investment in numerous countries
around the world [68].

Despite the advent of smart mobility and its world-wide acceptance by urban planners,
questions have been raised concerning its sustainability. Noy and Givoni [37] studied the
sustainability of smart mobility. The study was extensive, since it involved reviewing the views
and beliefs of technological entrepreneurs in the transport sector. The results showed that
according to technological entrepreneurs, technological developments, such as autonomous and
connected automobiles, are key to a sustainable transportation system. Some researchers, such
as Soderstrom [69], have contested this view by advocating diverting more efforts towards
social and political changes rather than technological driven solutions. Some other researchers
have argued that autonomous vehicles would add to the vehicle miles traveled per household
[70]. Previous research has also made a stand on the significance of big data in the development
of smart cities and, to an extent, smart mobility. Lim et al. [7] studied the reference models,
challenges, and considerations in relation to the use of big data in smart cities. Some of these
challenges include the integration of data from different sources and data privacy issues.
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Traditionally, smart mobility solutions have been directed towards urban areas, which have
higher impacts of traffic congestion. However, latest research has also identified rural areas as
potential areas of focus in the adoption of smart mobility. Porru et al. [14] explored the
opportunities and challenges for smart mobility and public transport in rural and urban centres.
Currently, regional authorities have had to consider and procedurally implement innovative
strategies in their transportation systems due to the demographic changes in low population
density areas. According to Porru et al. [14], these regional transport systems have responded
to mobility challenges in rural areas by using the 10T to develop a new concept referred to as
smart land.

5. CASE STUDIES OF SMART MOBILITY TRANSITION

Different countries have had different experiences in the quest for full smart mobility
implementation. These experiences have shaped their progress and trends in smart mobility.
Researchers have proven this by studying the differences and challenges of the smart mobility
transition process in different cities in various countries around the globe. Debnath et al. [71]
studied and ranked 26 cities, based on their progress in smart mobility transition. The study
came forth with benchmarking results depicting the smart mobility transition performance of
these cities during the 21st century, until the time of research. Tab. 1 illustrates the results of
this benchmarking. According to this research, 4, out of the top 10 cities that made major
progress in transition to smart mobility, are from the USA. This could be attributed to the
contribution of the USA to the technological solutions, which would have boosted the
implementation of smart mobility solutions [72]. Apart from Singapore, no other Asian cities
were found in that list. It is expected that it would not be the case if the study was done more
recently, as other cities, especially in Korea [73] and China [74], have also made significant
progress in this aspect.

Tab. 1
Ranking Smart Mobility Transition Process [71]

Country City Rank
UK London 1
USA Seattle 2
Australia Sydney 3
USA New York 4
Australia Melbourne 5
Singapore Singapore 6
France Paris 7
USA Washington 8
Canada Vancouver 9
USA Chicago 10

It should be noted at this stage that there has been no study or government report which
claims 100% transition to smart mobility for any city or country. Hence, the list and case studies
presented in this section highlight the cities which have made comparatively more progress than
the others.
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London, U.K., is the most progressive city when it comes to smart mobility transition. It has
implemented a myriad of smart technology in its transport system, Debnath et al. [71]. The
earliest evidence of smart mobility has been reported in the form of development of public
transportation and traffic systems even in the previous century [75]. Over the years, public
transportation has expanded to serve the largest portion of London’s population [76]. The
technology has only gotten better with the latest smart innovation coming in 2018 under the
“Green man authority” which designs traffic lights in London to prioritize pedestrians over cars
[77]. This smart mobility solution aims to increase walking in the city [78].

Despite the strides made in the 20th century, the bulk of London’s smart mobility solutions
have been introduced in the 21st century [79]. The introduction of car-sharing services in 2016
marked a new milestone in the smart mobility transition [80]. In 2017, authorities in London
enforced several policies that sought to fully transition the city to smart mobility [81]. The
notable smart solutions, that year, were the stricter new emission test regulation, green buses,
and the rapid chargers [82]. The new emission test policy implied that all new petrol and diesel
vehicles had to pass stricter tests before being allowed on London roads [83]. The green bus
initiative was introduced in London following the Air Quality Plan of 2017. The initiative saw
153 cleaner buses introduced on London roads in 2018. In the same year, London also
experienced several milestones in smart mobility transition, especially with the Deep Tube
Program and the decision by the London Black Cabs to go green [81]. Other revolutionary
technologies, introduced in the 21st century in London, include the bus priority system using
Automatic Vehicle Location Systems (AVLS) [84].

Moscholidou and Pangbourne [85] explored three essential and important features for the
transition towards smart mobility in the case of London and Seattle. These three features
included smart mobility regulations by their city authorities, responsibilities of the solution
providers, and long-term city strategies. The initiatives in Smart London ensured that the public
trust was achieved by providing data rights, accountability, and transparency of the open data
required for the smart mobility architecture [86]. Similarly, Liao [87] mentioned that the smart
mobility solutions, such as the congestion area zones, to discourage cars entering central
London, may frustrate the leading automobile business communities.

The other city with a rich history of smart mobility transition is New York. New York City,
USA, was ranked as the fourth most progressive city by Debnath [71]. Similar to London, the
initial employment of the smart mobility concepts was seen in the development of public
transportation, which has improved over the years, culminating with the introduction of 535
state-of-the-art, next-generation subway cars in 2018. A smart solution was set up to improve
the city’s metro. The second notable milestone was the introduction of the first permanent
traffic signals in 1920 [88]. Just like London, New York also experienced numerous
transportation improvements that helped transition it towards smart mobility in the 20th
century. However, most of the notable smart mobility solutions have been adopted in the 21st
century.

A notable milestone was achieved in 2016 with the implementation of car sharing services
[89]. The launch of Uber’s product, Uberpool, has since been a great success in New York [90].
The second notable milestone was the introduction of autonomous public transportation in
2019. The use of these vehicles designed by Optimus Ride, a self-driving car company, has
since been increasing in New York. Just like London, New York is still on course to achieve
full smart mobility transition [91]. The introduction of the zero emission vehicles (ZEVS) in
2021 is a testimony of the efforts implemented in the city [92]. It has also introduced several
high-end smart mobility systems in the past two decades, such as automated parking systems,
variable speed limit technology, adaptive signal-control system, real-time system for
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broadcasting the availability of parking spaces, and Electronic Toll Collection (ETC) system
for transit toll stations [71].

During these transitions, New York, like many other cities, faced different challenges. A
study conducted by Vechione et al. [93] showed that most of the senior citizens faced mobility
issues, and it was very difficult for them to alter their choices by switching from driving cars to
using public transportation, sharing vehicles, or carpooling. Smart city solutions in New York
could be influenced by differences and separation of societal classes, along with
decentralization. The potential challenges for New York smart city solutions may also include
hierarchy of the system, migration, population, and environmental issues, according to Kubina
et al. [94].

Apart from the U.K. and the U.S., cities in Europe, Asia, Asia-Pacific, and the Middle East
have also experienced rapid progress in smart mobility transition. Notable examples in this
regard are shown in Tab. 2. In Asia-Pacific, cities such as Sydney and Melbourne take center
stage. These cities are within the top five most smart mobility progressive cities in the world.
For example, Sydney boasts of diverse smart mobility trends such as the Sydney Coordinated
Adaptive Traffic System (SCATS) that coordinates traffic signals, ramp metering on
motorways, variable speed limit control systems, ETC systems, and automatic parking systems
[95]. Sydney also has the bus rapid system, bus priority technology such as bus lane cameras,
and a computer-aided dispatching system or emergency transit. In Europe, Italy has the most
progressive smart mobility transition. Its cities have elaborate transport sharing systems [96].
Mid-sized cities in Europe have emulated major cities such as Rome, Paris, and London [66].
In the Middle East, cities such as Dubai and Riyadh are at the forefront of the smart mobility
transition [97]. The Riyadh Metro project in Riyadh has improved its status of smart mobility
transition.

Tab. 2
Cities which made significant progress in transformation to smart mobility in Asia Pacific,
Europe and Middle East

Region City
Asia Pacific Melbourne
Sydney
Europe Paris
Rome
Middle East Dubai
Riyadh

6. CHALLENGES AND OPPORTUNITIES FOR TRANSITION TO SMART
MOBILITY

Previous research indicates that car-dependent cities have experienced several challenges in
their transition to smart mobility. Based on the literature review, the following are some of the
key challenges encountered by these cities and a set of recommendations to overcome smart
mobility transition challenges. Some of these challenges and recommendations have already
been stated in the previous subsections and reiterated in this section for completeness. Other
challenges and recommendations have been introduced with discussion and relevant references.
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6.1. Challenges to Smart Mobility Transition

The challenges to smart mobility, listed below, have been identified as a result of the review
of those studies from the literature which have presented a critical viewpoint about the transition
process as a whole or, about specific aspects of smart mobility.

6.1.1. Inadequate Infrastructure

Inadequate infrastructure threatens smart mobility transition in car-dependent countries.
Poor infrastructure in the form of rail and road network, telecommunication, and power
distribution tends to slow the development of smart mobility solutions [98]. Several car-
dependent countries, in the Middle East, Asia, and Africa, are heading towards an increase in
urban population relative to rural population [99]. However, inadequate infrastructure has
hindered progress towards full smart mobility transition. Therefore, the rapidly growing urban
centres in these countries need to improve their infrastructure for expanding their
implementation of smart mobility. In this context, Feigon and Murphy [62] have also pointed
out the added disadvantage to the public transport system, which required large investments
and being overtaken by other technological solutions which are rapidly gaining the market
share.

6.1.2. Low Acceptance of New Technological Solutions

Often, the adoption of new technological solutions has encountered resistance from people
who are attached to traditional or contemporary solutions. The concept of car-dependence has
been ingrained in the lifestyle of the residents of many cities for more than half a century. People
have been accustomed to a certain way of living in relation to their mobility [100]. The advent
of smart mobility aims to introduce several new technological solutions that will alter the
lifestyle of people in car-dependent cities. Most of these cities are experiencing challenges in
transitioning to smart mobility because their residents are finding it difficult to accept new
technological solutions for mobility [11]. Therefore, car-dependent cities will have to examine
the kind of behavioural change required to implement smart mobility solutions successfully.

6.1.3. Inadequate Framework for Big Data Use for Smart Mobility

Big data can be described as the set of large and complex data that is collected from digital
evidence of human activities [101]. Urban centres around the globe collect voluminous amounts
of data that represent digital traces of urban living. The inter-linking of this data is part of the
lIoT platform, which is considered crucial for different components of smart mobility, as
mentioned in section 4.1. Recent studies have proven that the utilization of urban big data is
crucial in the smart mobility transition [102]. However, most car-dependent countries lack the
framework to utilize big data, making it a challenge for their transition to smart mobility.
Inadequate frameworks to take advantage of urban big data prevent the cities, within these
countries, from creating useful content for key stakeholders such as companies, local
governments, visitors, and citizens [103].
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6.1.4. Financial Constraints

Financing is another major challenge to the smart mobility transition [87]. Despite the
undoubted benefits of smart mobility, questions are still being raised concerning its financial
sustainability. Many countries are yet to figure out the cost implications of smart mobility in
terms of capital investment and cost recovery mechanisms and the operation cost. In addition,
governments are exploring the financing options with the private sector to minimize the capital
and operational cost [104]. Therefore, the financial uncertainties of the smart mobility transition
challenge its implementation.

6.1.5. Data Quality Management

This challenge is also related to the use of data in the transition to smart mobility. The initial
condition for identifying trustworthy smart mobility information is the quality of urban data
[105]. Car-dependent cities collect large quantities of vehicle driving data. In some cases, cities
have had to deal with incorrect data generated by different sources [106]. Apart from the
inaccurate data, most vehicles in such countries use data collection devices from different
manufacturers [107]. As a result, these vehicles introduce large variances in the collected data.
Therefore, most car-dependent countries find it challenging to transition the transportation
systems in their cities to smart mobility systems due to the inferior quality of generated data.
Such cases highlight the vitality of the quality of transportation-related data in attaining a
successful transition to smart mobility.

6.1.6. The Integration of Data from Different Sources

The integration of data from different sources is a major challenge to the transition to smart
mobility in car-dependent countries. Apart from the large number of automobiles in such
countries, modern cities collect different types of data from various other sources [108]. The
key to a successful transition to smart mobility is to connect data from different sources.
However, in this case, integrating the data is challenging since different sources use different
data structures, making it challenging to attain a successful transition [109]. Therefore, car-
dependent countries fail to fully transition to smart mobility due to their struggles in integrating
data archived in the databases of different agencies.

6.1.7. Privacy and Integrity Issues

The recent privacy and integrity issues, raised for the use of data by public and private
agencies, pose a key challenge in the smart mobility transition for car-dependent countries. Data
collection technologies in both urban and rural centres are known to target residents,
qualitatively and quantitatively [110], which raises concerns in society about their privacy
[111]. While the decision makers and stakeholders acknowledge the importance of data
collection and analysis techniques for smart mobility. However, they retain the stand that a
prerequisite of their application should be a guarantee of their privacy.

6.1.8. Regulatory Barriers

City, state, and national governments' influence smart mobility transition through a
combination of carrots and sticks. For example, the U.S. has several cities that are still
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predominantly car dependent [112]. The federal government and state governments regulating
these cities have historically focused on promoting smart mobility by using incentives, such as
tax credits and rebates [113]. These incentives are meant to make smart mobility cheaper for
early adopters. Despite the existence of such policies, the country still lags in the smart mobility
transition [114]. The lack of stricter government policies has constrained the speed of smart
mobility transition in most U.S. cities. The aggressive government measures implemented in
other car-dependent cities, such as Madrid, Paris, and London have accelerated the adoption of
smart mobility, as discussed previously.

6.1.9. Users’ Complaints

The most significant challenge to the transition to smart mobility are the people residing in
the car-dependent countries. People are known to complain whenever authorities implement
smart mobility solutions. Solutions such as the reduction of speed limits, and the transformation
of streets into pedestrian areas, have been met by frequent user complaints [115]. People tend
to resist smart mobility transitions, especially when the solutions require significant changes to
their travel behaviour and infrastructure [116].

6.1.10. Unequal Accessibility

Unequal accessibility to smart mobility resources and solutions is a major challenge to the
smart mobility transition. Smart mobility transition needs to satisfy user demand by considering
accessibility during urban planning and the setting of innovations [117]. For instance, the failure
of most mobility solutions to consider the needs of the disabled and the elders, presents an
implementation problem. A large proportion of the people lack the ability to get access to or
use smart devices and solutions, which is considered as a barrier to the implementation of smart
mobility options [118].

6.2. Recommendations and opportunities of smart mobility transition

There are several recommendations which implementation that would help car-dependent
countries overcome smart mobility transition challenges. The main source of these
recommendations is the review of case studies and research undertaken in the past, some of
which are mentioned below. While other recommendations have been gathered from their
success at small-scale or in other fields, which have been provided with references for readers’
convenience.

— Implement aggressive government policies to enforce the adoption of smart mobility
solutions. As mentioned in the section above, countries, such as the U.S., have
historically implemented average measures. Their measures can be termed as average
because they only focus on encouraging automobile manufacturers to adopt the use of
less carbon-based fuel and the resultant emissions resulting in the advent of electric
mobility [119]. In this case, stricter government policies need to be imposed to ease the
transition to smart mobility. These policies will direct agencies and cities in the country
to follow in the footsteps of relatively successful cities such as London and Paris that
have instituted more aggressive approaches, which has been attributed to a “stronger
welfare model” in these countries [17]. The purpose should be to accelerate the transition
to smart mobility.



38 T. Almaghlouth, U. Gazder, O. Abudayyeh

— Countries should practice greater inclusivity before, during, and after the implementation
of smart mobility solutions. Inclusivity in decision-making could take the form of public
debates, education, surveys, and presentations. Practicing inclusivity will help solve the
challenge of low acceptance of new technological solutions [120]. The public would be
more willing to participate in smart mobility transition if they were made aware of future
mobility solutions, their costs, and their benefits.

— Countries should plan for the future of smart mobility by investing in I0T applications
and reliable infrastructure. According to Davidsson et al. [121], the evolution of mobility
that is supported by IoT applications will open new opportunities in many aspects of
smart mobility, such as public transportation. A major opportunity, yet to be tapped, is
the current high number of transport users in rural areas [14]. Leveraging loT
technologies, in this case, will help provide relevant data that will facilitate the
improvement of transport usage monitoring and the understanding of usage patterns in
rural areas. Generally, the technologies will help authorities in car-dependent countries
to adjust and balance transport services [122].

— Government authorities should improve the use of smart mobility solutions in urban
centres by introducing fees and levies that discourage the car-dependence tendency.
Riyadh is a modern city in the Middle East that has invested in smart mobility transition
by introducing the Metro ridership. A study done for Riyadh has suggested that the
authorities should tax parking in the central business district or tax fuel [98]. According
to Youssef et al. [98], increasing the taxes, applicable to fuel and parking by 10%, will
increase the use of the smart mobility solution by 5.3%. It follows that such measures
may also help other car-dependent countries to improve smart mobility transition by
increasing the cost of alternative means of transportation.

Tab. 3 presents a matrix to show the relationship between challenges to smart mobility and
how they are addressed by the recommendations. The matrix is prepared as per the discussion
presented above and it is one of the important contributions of this research.

Tab 3
Matrix of challenges and recommendations
Recommendations (Opportunities)
Aggressive Greater Investment in Fees and
Challenges Government Inclusivity loT Levies to
Policies Reduce Car
Use
Inadequate
infrastructure v v v
Low
Acceptance of N
Technological
Solutions
Inadequate
Framework for
Big Data Use \ \
for Smart
Mobility
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Financial

Constrains v v
Data Quality N
Management
Integration of
Data from Data \
Sources
Privacy and N
Integrity Issues
Regulatory N J
Barriers
Users’ N
Complaints
Unequal

Accessibility v v

7. CONCLUSIONS AND FUTURE WORK

This research recognizes smart mobility as a key component in the adoption of the concept
of smart cities. It employs a systematic review process to identify the need for shifting from
car-dependency, different components and aspects of smart mobility and the several challenges
that car-dependent countries experience in their course to transition to smart mobility.

Previous research has clearly highlighted that car dependency has resulted in issues related
to road safety, social inequity, environmental emissions, and depletion of fossil fuels. Smart
mobility solutions are targeted to mitigate these issues through the use of technological
solutions for public transport, shared mobility, 10T and alternative fuel (electric vehicles).

This research has identified the following as the major challenges faced during the transition
to smart mobility solutions; financial constraints, lack of infrastructure, issues with data
integration and quality, ensuring the privacy of users, regulatory barriers and public resistance.
These challenges have led to the prevalence of traditional transportation modes by slowing
down the adoption of smart mobility solutions. These challenges can be met with investment in
the 10T sector, public inclusivity, fees and levees for private car use and other aggressive
policies.

One of the major contributions of this research was to develop a matrix linking the major
challenges faced in the transformation of cities to smart mobility solutions with a set of
recommendations. In this context, some of the new ideas could be in the development stage and
a thorough review of the conference papers and latest patents may provide more insights into
it. The current research did not cover these aspects, which could be considered as one of its
limitations.

Author contributions

The authors confirm contribution to the paper as follows: study conception and design: U.
Gazder, O Abudayyeh; data collection: T. Almaghlouth; analysis and interpretation of results:
T. Almaghlouth, U. Gazder; draft manuscript preparation: T. Almaghlouth, U. Gazder, O.
Abudayyeh. All authors reviewed the results and approved the final version of the manuscript.



40

T. Almaghlouth, U. Gazder, O. Abudayyeh

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sethi M. 2015. “Smart cities in India: challenges and possibilities to attain sustainable
urbanization”. Nagarlok (Townfolk) 47(3): 20-37, 2015.

Fryszman F., D.D.D.S. Carstens, S.K. Da Cunha. 2019. “Smart mobility transition: a
socio-technical analysis in the city of Curitiba”. International Journal of Urban
Sustainable Development 11(2): 141-153.

Litman T. 1995. The costs of automobile dependency and the benefits of balanced
transportation. Victoria Transport Policy Institute, Victoria, BC (Canada), TRN:
CA9901624, 2.

Aldalbahi M., G. Walker. 2016. “Riyadh transportation history and developing vision”.
Procedia-Social and Behavioral Sciences 216: 163-171.

Al-Mosaind M. 2001. “The effect of changes in land use distribution on travel patterns
in Riyadh, Saudi Arabia”. In: Conference of Planning for Cities in the 21st Century:
Opportunities and Challenges (WPSC). Shanghai, China.

Al-Dubikhi S.A. 2007. Exploring the potential for successful public transport in
Riyadh. PhD thesis, Architecture, Building and Planning, The University of Melbourne.
Lim C., K.J. Kim, P.P. Maglio. 2018. “Smart cities with big data: Reference models,
challenges, and considerations”. Cities 82: 86-99.

Anthony Jnr. B. 2021. “Managing digital transformation of smart cities through
enterprise architecture — a review and research agenda”. Enterprise Information Systems
15(3): 299-331.

Caragliu A., C. Del Bo, P. Nijkamp. 2011. “Smart cities in Europe”. Journal of Urban
Technology 18(2): 65-82.

Hajduk S. “The concept of a smart city in urban management”. Business, Management
and Education 14(1): 34-49.

Surdonja S.T., T. Giuffré, A. Deluka-Tibljas. 2020. “Smart mobility solutions—
necessary precondition for a well-functioning smart city”. Transportation Research
Procedia 45: 604-611.

Trombin M., R. Pinna, M. Musso, E. Magnaghi, M. De Marco. 2020. Mobility
management: From traditional to people-centric approach in the smart city. In:
Emerging Technologies for Connected Internet of Vehicles and Intelligent
Transportation System Networks: Emerging Technologies for Connected and Smart
Vehicles, 165-182.

Tomaszewska E.J., A. Florea. 2018. “Urban smart mobility in the scientific literature —
bibliometric analysis”. Engineering Management in Production and Services 10(2).
Porru S., F.E. Misso, F.E. Pani, C. Repetto. 2020. “Smart mobility and public transport:
Opportunities and challenges in rural and urban areas”. Journal of Traffic and
Transportation Engineering (English edition) 7(1): 88-97.

Dargay J., D. Gately, M. Sommer. 2007. “Vehicle ownership and income growth,
worldwide: 1960-2030”. The Energy Journal 28(4).

Papa E., D. Lauwers. 2015. “Smart mobility: Opportunity or threat to innovate places
and cities”. In: 20th International Conference on Urban Planning and Regional
Development in The Information Society (REAL CORP 2015), 543-550.

Docherty 1., G. Marsden, J. Anable. 2018. “The governance of smart mobility”.
Transportation Research Part A: Policy and Practice 115: 114-125.

Clavel R., M. Floriet. 2009. “The increasing development of carsharing in France”. In:
European Transport Conference, 2009 Association for European Transport (AET).



Need for smart mobility and challenges and opportunities for... 41

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Xiao Y., M. Watson. 2019. “Guidance on conducting a systematic literature review”.
Journal of Planning Education and Research 39(1): 93-112.

Mattioli G., J. Anable, K. Vrotsou. 2016. “Car dependent practices: Findings from a
sequence pattern mining study of UK time use data”. Transportation Research Part A:
Policy and Practice 89: 56-72.

Newman P., L. Kosonen, J. Kenworthy. 2016. “Theory of urban fabrics: Planning the
walking, transit/public transport and automobile/motor car cities for reduced car
dependency”. Town Planning Review 87(4): 429-459.

Geels F. W. 2012. “A socio-technical analysis of low-carbon transitions: introducing the
multi-level perspective into transport studies”. Journal of Transport Geography 24:
471-482.

Saeidizand P., K. Fransen, K. Boussauw. 2022. “Reuvisiting car dependency: A
worldwide analysis of car travel in global metropolitan areas”. Cities 120: 103467.
Balkmar D. 2007. “Implicit men in traffic safety discourse: A life course perspective on
(auto) mobility, violations and interventions”. Norma (The Norm) 2(2): 127-143. DOI:
10.18261/1890-2146-2007-02-04.

van der Meulen J. 2022. “Road safety beyond the automobility norm? Can Swedish
road safety policy escape the automobility norm and facilitate cycling instead—lessons
from the Netherlands”. Applied Mobilities: 1-20.

Martens K. 2016. Transport justice: Designing fair transportation systems. Routledge.
Braun, R., R. Randell. 2022. “Towards post-automobility: destituting automobility”.
Applied Mobilities: 1-17.

Adbelhamid M.M., M. M. Elfakharany, A.M. Elfakharany. 2018. “Reducing private
cars dependency to achieve sustainable urban environment in congested cities”. In: 7th
International Conference on Modern Research in Civil Engineering, Architectural &
Urban Development, 1-13.

Hunter R.F., C.L. Cleland, F. Kee, A. Longo, B. Murtagh, J. Barry, L .Garcia. 2021.
“Developing system-oriented interventions and policies to reduce car dependency for
improved population health in Belfast: study protocol”. Systems 9(3): 62.

Cox P. 2022. “Vélomobility is to degrowth as automobility is to growth: prefigurative
cycling imaginaries”. Applied Mobilities: 1-21. DOI: 10.1080/23800127.2022.2087134.
Pritchard J. 2022. “MaaS to pull us out of a car-centric orbit: Principles for sustainable
Mobility-as-a-Service in the context of unsustainable car dependency”. Case Studies on
Transport Policy 10(3): 1483-1493.

Cheah L., C. Evans, A. Bandivadekar, J. Heywood. 2009. Factor of two: Halving the
fuel consumption of new US automobiles by 2035. Springer Netherlands, 49-71.
Crabtree M., S. Lodge, P. Emmerson. 2014. A review of pedestrian walking speeds and
time needed to cross the road. Transport Research Laboratory, Crowthorne House, Nine
Mile Ride, Wokingham, Berkshire, United Kingdom, RG40 3GA. Available at:
https://www.livingstreets.org.uk/media/1796/review-of-pedestrianwalking-speeds-
report-v4b-280814-docx-2.pdf.

Agbulut U., H. Bakir. 2019. “The investigation on economic and ecological impacts of
tendency to electric vehicles instead of internal combustion engines”. Diizce
Universitesi Bilim ve Teknoloji Dergisi (Duzce University Journal of Science and
Technology) 7(1): 25-36.

Morfeldt J., S.D. Kurland, D.J. Johansson. 2021. “Carbon footprint impacts of banning
cars with internal combustion engines”. Transportation Research Part D: Transport
and Environment 95: 102807.


https://www.livingstreets.org.uk/media/1796/review-of-pedestrianwalking-speeds-report-v4b-280814-docx-2.pdf
https://www.livingstreets.org.uk/media/1796/review-of-pedestrianwalking-speeds-report-v4b-280814-docx-2.pdf

42 T. Almaghlouth, U. Gazder, O. Abudayyeh
36. Biyik C., A. Abareshi, A. Paz, R.A. Ruiz, R. Battarra, C.D. Rogers, C. Lizarraga. 2021.
“Smart mobility adoption: A review of the literature”. Journal of Open Innovation:

Technology, Market, and Complexity 7(2): 146.

37. Noy K., M. Givoni. 2018. “Is ‘smart mobility’ sustainable? Examining the views and
beliefs of transport’s technological entreprencurs”. Sustainability 10(2): 422.

38. Maldonado Silveira Alonso Munhoz P.A., F. da Costa Dias, C. Kowal Chinelli, A.L.
Azevedo Guedes, J.A. Neves dos Santos, W. da Silveira e Silva, C.A. Pereira Soares.
2020. “Smart mobility: The main drivers for increasing the intelligence of urban
mobility”. Sustainability 12(24): 10675.

39. Sutar S.H., R. Koul, R. Suryavanshi. 2016. “Integration of Smart Phone and IOT for
development of smart public transportation system”. In: 2016 International Conference
on Internet of Things and Applications (IOTA): 73-78. IEEE.

40. John R.M., F. Francis, J. Neelankavil, A. Antony, A. Devassy, K. J. Jinesh. 2014.
“Smart public transport system”. In: 2014 International Conference on Embedded
Systems (ICES), 166-170. IEEE.

41. Murad D.F., B.S. Abbas, A. Trisetyarso, W. Suparta, C.H. Kang. 2018. “Development
of smart public transportation system in Jakarta city based on integrated IoT platform”.
In: 2018 International Conference on Information and Communications Technology
(ICOIACT), 872-878). IEEE.

42. Kanthavel R., S.K.B. Sangeetha, K.P. Keerthana. 2021. “Design of smart public
transport assist system for metropolitan city Chennai”. International Journal of
Intelligent Networks 2: 57-63.

43. Ushakov D., E. Dudukalov, E. Kozlova, K. Shatila. 2022. “The Internet of Things
impact on smart public transportation”. Transportation Research Procedia 63: 2392-
2400.

44, LiS.,L.D. Xu, S. Zhao. 2015. “The internet of things: a survey”. Information Systems
Frontiers 17(2): 243-259.

45.  Ashton K., 2009. “That ‘internet of things’ thing”. RFID Journal 22(7): 97-114.

46. Nauman A.Y., Y.A. Qadri, M. Amjad, Y.B. Zikria, M.K. Afzal, S.W. Kim. 2020.
“Multimedia Internet of Things: A comprehensive survey”. IEEE Access 8: 8202-8250.

47. Nguyen D.C. M. Ding, P.N. Pathirana, A. Seneviratne, J. Li, D. Niyato, H.V. Poor.
2021. “6G Internet of Things: A comprehensive survey”. IEEE Internet of Things
Journal.

48. Kumar S., P. Tiwari, M .Zymbler. 2019. “Internet of Things is a revolutionary approach
for future technology enhancement: a review”. Journal of Big Data 6(1): 1-21.

49. Jacyna M., R. Zochowska, A. Sobota, M. Wasiak. 2021. “Scenario Analyses of Exhaust
Emissions Reduction through the Introduction of Electric Vehicles into the City”.
Energies 14(7): 2030.

50. Izdebski M., M. Jacyna. 2021. “An Efficient Hybrid Algorithm for Energy Expenditure
Estimation for Electric Vehicles in Urban Service Enterprises”. Energies 14(7): 2004.

51. Ajanovic A., R. Haas, M. Schrddl. 2021. “On the historical development and future
prospects of various types of electric mobility”. Energies 14(4): 1070.

52. Dijk M., R.J. Orsato, R. Kemp. 2013. “The emergence of an electric mobility
trajectory”. Energy Policy 52: 135-145.

53. Leurent F., E. Windisch. 2011. “Triggering the development of electric mobility: a

review of public policies”. European Transport Research Review 3(4): 221-235.



Need for smart mobility and challenges and opportunities for... 43

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Biresselioglu M.E., M.D. Kaplan, B.K. Yilmaz. 2018. “Electric mobility in Europe: A
comprehensive review of motivators and barriers in decision making processes”.
Transportation Research Part A: Policy and Practice 109: 1-13.

Lieven T. 2015. “Policy measures to promote electric mobility — A global perspective”.
Transportation Research Part A: Policy and Practice 82: 78-93.

Rietmann N., T. Lieven. 2019. “How policy measures succeeded to promote electric
mobility — Worldwide review and outlook”. Journal of Cleaner Production 206: 66-75.
Machado C.A.S., N.P.M. de Salles Hue, F.T. Berssaneti, J.A. Quintanilha. 2018. “An
overview of shared mobility”. Sustainability 10(12): 4342.

Le Vine S., J. Polak. 2015. “Introduction to special issue: new directions in shared-
mobility research”. Transportation 42(3): 407-411.

Shaheen S., E. Martin, M. Hoffman-Stapleton. 2021. “Shared mobility and urban form
impacts: A case study of peer-to-peer (P2P) carsharing in the US”. Journal of Urban
Design 26(2): 141-158.

Auer S., S. Nagler, S. Mazumdar, R.R. Mukkamala. 2022. “Towards blockchain-l10T
based shared mobility: Car-sharing and leasing as a case study”. Journal of Network
and Computer Applications 200: 103316.

Mattia G., R.G. Mugion, L. Principato. 2019. “Shared mobility as a driver for
sustainable consumptions: The intention to re-use free-floating car sharing”. Journal of
Cleaner Production 237: 117404.

Feigon S., C. Murphy. 2016. Shared mobility and the transformation of public transit.
(No. Project J-11, Task 21). Available at: https://trid.trb.org/view/1416012.

Yigitcanlar T., M. Kamruzzaman. 2019. “Smart cities and mobility: Does the smartness
of Australian cities lead to sustainable commuting patterns?”. Journal of Urban
Technology 26(2): 21-46.

Midgley P. 2009. “The role of smart bike-sharing systems in urban mobility”. Journeys
2(1): 23-31.

Castillo H., D.E. Pitfield. 2010. “ELASTIC—A methodological framework for
identifying and selecting sustainable transport indicators”. Transportation Research
Part D: Transport and Environment 15(4): 179-188.

Giffinger R., N. Pichler-Milanovi¢. 2007. Smart cities: Ranking of European medium-
sized cities. Centre of Regional Science, Vienna University of Technology, 2007.
Boichuk N. 2020. “Sustainability: Carpooling as a component of smart mobility”. In:
Education Excellence and Innovation Management: A 2025 Vision to Sustain Economic
Development during Global Challenges. Proceedings of the 35th International Business
Information Management Association Conference (IBIMA) / Soliman Khalid S. (eds.),
2020, International Business Information Management Association (IBIMA). ISBN:
978-0-9998551-4-0. P. 15786-15794.

Butler L., T. Yigitcanlar, A. Paz. 2020. “How can smart mobility innovations alleviate
transportation disadvantage? Assembling a conceptual framework through a systematic
review”. Applied Sciences 10(18): 6306.

Soderstrom O., T. Paasche, F. Klauser. 2014. “Smart cities as corporate storytelling”.
City 18(3): 307-320.

Rojas Rueda D., M.J. Nieuwenhuijsen, H. Khreis, H. Frumkin. 2020. “Autonomous
vehicles and public health”. Annual Review of Public Health 41: 329-45.

Debnath A.K., H.C. Chin, M.M. Haque, B. Yuen. 2014. “A methodological framework
for benchmarking smart transport cities”. Cities 37: 47-56.



44

T. Almaghlouth, U. Gazder, O. Abudayyeh

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Adedoyin F.F., F.V. Bekun, O.M. Driha, D. Balsalobre-Lorente. 2020. “The effects of
air transportation, energy, ICT and FDI on economic growth in the industry 4.0 era:
Evidence from the United States”. Technological Forecasting and Social Change 160:
120297.

Li X., P.S. Fong, S. Dai, Y. Li. 2019. “Towards sustainable smart cities: An empirical
comparative assessment and development pattern optimization in China”. Journal of
Cleaner Production 215: 730-743.

Lee W.H., JW. Kim. 2021. ,,Development of loT smart mobility service design for
people with disabilities in the era of digital transformation”. The Journal of the Institute
of Internet, Broadcasting and Communication 21(1): 163-173.

Reddaway T.F. 1964. “A history of London transport”. The Journal of Transport
History (3): 192-193.

McNees E. 2010. “Public transport in Woolf’s City novels: the London Omnibus”. In:
Woolf and the City: Selected Papers from the Nineteenth Annual Conference on
Virginia Woolf, 31-39. Clemson, SC: Clemson University Press, September.

Mcalpine N., A. Smyth. 2001. “Urban form, social patterns and economic impact
arising from the development of public transport In London 1840-1940”. In:
Universities Transport Study Group 33rd Annual Conference, Held January 2001,
Oxford, Uk-Conference Papers-Volume 2.

Shah S., V.M. Jaya, N. Piludaria. 2023. “Key levers to reform non-motorized transport:
lessons from the COVID-19 pandemic”. Transportation Research Record 2677(4): 880-
891.

Le Vine S., A. Sivakumar, J.W. Polak, M. Lee-Gosselin, 2013. The market and impacts
of new types of carsharing systems: case study of greater London. Transportation
Research Board, 500 Fifth Street, NW, Washington, DC United States 20001 (No. 13-
4389).

Le Vine S., J. Polak. 2019. “The impact of free-floating carsharing on car ownership:
Early-stage findings from London”. Transport Policy 75: 119-127.

Chang A.S., R.S. Kalawsky. 2017. “European transport sector interventions for smart
city”. In: 2017 7th International Conference on Power Electronics Systems and
Applications-Smart Mobility, Power Transfer & Security (PESA), 1-6. December 2017.
IEEE.

Maynard P. 2017. Cleaner journeys as government commits £11 million to greener
buses. Department of Transport, UK, 2017. Available at
https://www.gov.uk/government/news/cleaner-journeys-as-government-commits-11-
million-to-greener-buses.

Maynard P. 2017. Tough new ‘real world’ test comes into force for diesel cars to clean
up our air. Department of Transport, UK 2017. Available:
https://www.gov.uk/government/news/tough-new-real-world-test-comes-into-force-for-
diesel-cars-to-clean-up-our-air.

Rochez C. 2000. Income: Integration of traffic control and other measures. The 4th
Framework RTD Program of the European Commission, Final Report, STRATEC
Brussels, Belgium, 2000.

Moscholidou I., K. Pangbourne. 2020. “A preliminary assessment of regulatory efforts
to steer smart mobility in London and Seattle”. Transport Policy 98: 170-177.

Goodall J. 2018. “A toolkit for parental engagement: from project to process”. School of
Leadership & Management 38(2): 222-238.


https://www.gov.uk/government/news/cleaner-journeys-as-government-commits-11-million-to-greener-buses
https://www.gov.uk/government/news/cleaner-journeys-as-government-commits-11-million-to-greener-buses

Need for smart mobility and challenges and opportunities for... 45

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Liao R. “Smart mobility: Challenges and trends”. Toward Sustainable and Economic
Smart Mobility: Shaping the Future of Smart Cities 1.

McShane C. 1999. “The origins and globalization of traffic control signals”. Journal of
Urban History 25(3): 379-404.

Sourbati M. 2020. “Age and the city: The case of smart mobility”. In: International
Conference on Human-Computer Interaction, 312-326. July 2020. Springer, Cham.
Kim K. 2015. “Can carsharing meet the mobility needs for the low-income
neighborhoods? Lessons from carsharing usage patterns in New York City”.
Transportation Research Part A: Policy and Practice 77: 249-260.

Slowik P., D. Hall, N. Lutsey, M. Nicholas, S. Wappelhorst. 2019. Funding the
transition to all zero-emission vehicles. ICCT White Paper.

Kurani K.S., N. Caperello, J. TyreeHageman. 2016. New car buyers' valuation of zero-
emission vehicles: California. UC Davis Research Reports. Permalink. Available at:
https://escholarship.org/uc/item/28v320rq.

Vechione M., C. Marrufo, R.A. Vargas-Acosta, M.G. Jimenez-Velasco, O. Gurbuz, A.
Dmitriyeva, J.Y. Chow. 2018. “Smart mobility for seniors: challenges and solutions in
El Paso, TX, and New York, NY”. Proceedings of the 2018 IEEE International Smart
Cities Conference (1ISC2), 1-8. September 2018. IEEE.

Kubina M., D. Sulyova, J. Vodak. “Managing global smart cities in an era of 21st
century challenges”. Sustainability 13(5): 2610.

Tarig M.A.U.R., A. Faumatu, M. Hussein, M.L.U.R. Shahid, N. Muttil. 2020. “Smart
city-ranking of major Australian cities to achieve a smarter future”. Sustainability 12(7):
2797.

Garau C., F. Masala, F. Pinna. 2015. “Benchmarking smart urban mobility: A study on
Italian cities”. In: International Conference on Computational Science and Its
Applications, 612-623. June 2015. Springer, Cham.

Naik M.B., P. Kumar, S. Majhi. 2009. “Smart public transportation network expansion
and its interaction with the grid”. International Journal of Electrical Power & Energy
Systems 105: 365-380.

Youssef Z., H. Alshuwaikhat, I. Reza. 2021. “Modeling the modal shift towards a more
sustainable transport by stated preference in Riyadh, Saudi Arabia”. Sustainability
13(1): 337.

Al-Mulali U., I. Ozturk. 2015. “The effect of energy consumption, urbanization, trade
openness, industrial output, and the political stability on the environmental degradation
in the MENA (Middle East and North African) region”. Energy 84: 382-389.

Lattarulo P., V. Masucci, M. G. Pazienza. 2019. “Resistance to change: Car use and
routines”. Transport Policy 74: 63-72.

Chen H., R.H. Chiang, V.C. Storey. 2012. “Business intelligence and analytics: From
big data to big impact”. MIS Quarterly: 1165-1188.

Barns S. 2016. “Mine your data: Open data, digital strategies and entrepreneurial
governance by code”. Urban Geography 37(4): 554-571.

Iyer L. 2021. “Al enabled applications towards intelligent transportation”.
Transportation Engineering 5: 10083.

Selim A.M., P.H. Yousef, M.R. Hagag. 2018. “Smart infrastructure by (PPPs) within
the concept of smart cities to achieve sustainable development”. International Journal
of Critical Infrastructures 14(2): 182-198.

Al Nuaimi E., H. Al Neyadi, N. Mohamed, J. Al-Jaroodi. 2015. “Applications of big
data to smart cities”. Journal of Internet Services and Applications 6(1): 1-15.



46

T. Almaghlouth, U. Gazder, O. Abudayyeh

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Sta H.B. 2017. “Quality and the efficiency of data in “Smart-Cities”. Future Generation
Computer Systems 74: 409-416.

Kalayci T.E., E.G. Kalayci, G. Lechner, N. Neuhuber, M. Spitzer, E. Westermeier, A.
Stocker. 2021. “Triangulated investigation of trust in automated driving: Challenges and
solution approaches for data integration”. Journal of Industrial Information Integration
21:100186.

Clarke A., R. Steele. 2011. “How personal fitness data can be re-used by smart cities”.
In: 2011 Seventh International Conference on Intelligent Sensors, Sensor Networks and
Information Processing, 395-400. IEEE.

Ruijer E., S. Grimmelikhuijsen, A. Meijer. 2017. “Open data for democracy:
Developing a theoretical framework for open data use”. Government Information
Quarterly 34(1): 45-52.

Bibri S.E. 2018. “The IoT for smart sustainable cities of the future: An analytical
framework for sensor-based big data applications for environmental sustainability”.
Sustainable Cities and Society 38: 230-253.

Kitchin R. 2014. “The real-time city? Big data and smart urbanism”. GeoJournal 79(1):
1-14.

Borenstein S., L.W. Davis. 2016. “The distributional effects of US clean energy tax
credits”. Tax Policy and the Economy 30(1): 191-234.

Narassimhan E., C. Johnson. 2018. “The role of demand-side incentives and charging
infrastructure on plug-in electric vehicle adoption: analysis of US States”.
Environmental Research Letters 13(7): 074032.

de Wijs L., P.A. Witte, D. de Klerk, S.C. M. Geertman. 2017. “Smart city trends and
ambitions”. In: Proceedings Agile Conference Wageningen. May 9-12, 2017.

Long S., L. Gentry, G.H. Bham. 2012. “Driver perceptions and sources 0Of user
dissatisfaction in the implementation of variable speed limit systems”. Transport Policy
23: 1-7.

Panagopoulos T., S. Tampakis, P. Karanikola, A. Karipidou-Kanari, A. Kantartzis.
2018. “The usage and perception of pedestrian and cycling streets on residents’ well-
being in Kalamaria, Greece”. Land 7(3): 100.

Zhang M., P. Zhao, S. Qiao. 2020. “Smartness-induced transport inequality: Privacy
concern, lacking knowledge of smartphone use and unequal access to transport
information”. Transport Policy 99: 175-185.

Golub A., V. Satterfield, M. Serritella, J. Singh, S. Phillips. 2019. “Assessing the
barriers to equity in smart mobility systems: A case study of Portland, Oregon”. Case
Studies on Transport Policy 7(4): 689-697.

Sen B., M. Noori, O. Tatari. 2017. “Will Corporate Average Fuel Economy (CAFE)
standard help? Modeling CAFE's impact on market share of electric vehicles”. Energy
Policy 109: 279-287.

Lim S.B., J.A. Malek, M.F.Y.M. Yussoff, T. Yigitcanlar. 2021. “Understanding and
acceptance of smart city policies: Practitioners’ perspectives on the Malaysian smart
city framework”. Sustainability 13(17): 9559.

Davidsson P., B. Hajinasab, J. Holmgren, A. Jevinger, J. A. Persson. 2016. “The fourth
wave of digitalization and public transport: opportunities and challenges”. Sustainability
8(12): 1248.

Sourbati M., F. Behrendt. “Smart mobility, age and data justice”. New Media & Society
23(6): 1398-1414, 2021.



Need for smart mobility and challenges and opportunities for... 47

Received 15.10.2023; accepted in revised form 19.12.2023

OMOoM

Scientific Journal of Silesian University of Technology. Series Transport is licensed under
a Creative Commons Attribution 4.0 International License




