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Abstract
This study deals with the challenges and bottlenecks with respect to the concept of smart cities which has largely
been constructed on knowledge utilization issues and challenges. Despite the abundant existent literature in
this field, the effective transformation of data into knowledge which can become a source of competitive
advantage is still an ongoing debate, especially due to contemporary developments in big data analysis
methods, approaches and strategies. As an emerging problem, the derivation of significant meaning from big
data is among popular academic research fields, as well as being a crucial industrial and policy making
engagement regarding value creating mechanisms in smart cities. Therefore in this study, limitations and
challenges in translating big data into valuable knowledge in academia and industries are considered within the
concept of smart mobility. In an attempt to propose researchers, business firms and governmental entities a
collaborative approach, a perception about emerging issues is presented for clarifying some future constructs
intersecting in relevant research and applied fields.
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Introduction
The story of how recorded information evolved into big data begins earlier than it may be assumed. This historical evolution
begins with a variety of endeavors to quantify the growth rate in records (e.g. the size of university libraries) and is currently
ongoing by means of contemporary methods to utilize the latest inventory. Dictionaries 1 from the1940s contain the term
“information explosion”2 in reference to the rapid rate of growth in the amount of information available. On the other hand,
current dictionaries define big data as, extremely large data sets that may be analyzed computationally to reveal patterns,
trends, and associations, especially with relation to human behavior and interactions. While practitioners were more
concerned about the range of information availability in the 1940s, in a half century’s time their focus mutated into the array
of information.
The basic notion here is a kind of metamorphosis from the availability of information, to its usefulness. In other words, we
are now more preoccupied with the interpretation of (big) data as opposed to its acquisition. The sheer volume of the
numbers provides an exemplary basis for further clarification of the issues at hand. While 100 gigabytes of data was
generated each day in 1992, the same amount was created in each second by 2002. Within 10 years, around 2012, 2,5
billion gigabytes of data (equal to 10 million full capacity blue ray discs) was generated daily by people or internet of things
(IoT3) and 90 percent of this data was unstructured (Dobre and Xhafa, 2014). It is expected that by 2020, 40 trillion gigabytes
of data will be created every day (Gantz and Reinsel, 2012). Not surprisingly, the amount of growth in world trade volume
which is 20 trillion dollars in a quarter century ($4 trillions in 1990 to $24 trillions in 2015), is not as rapid when compared

Oxford English Dictionary, 1940s; earliest use found in Lawton (Oklahoma) Constitution. 1941 cited in Press, G. in Forbes.
Abundance of information (meaningful or not) or the rapid increase in published and collected, available data.
3 Inter networking devices that collect and exchange data.
1
2
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with the rate of growth in data collection. According to IDC’s observations and assumptions, 23% of data can be useful if
tagged and analyzed and just 3% of data was tagged. Not surprisingly, only 0,5% of data was analyzed or interpreted.
The growth rate of interpreted data is not as high as the increase in unstructured data due to reasons such as the shortage
of skills, models, applications, governance and technical knowledge. To briefly reiterate, in order to effectively resolve
emerging business or industrial problems, big data - as a new source of contemporary global demands - needs to be
interpreted or refined. Big data analytics can be supposed as a refinery of this digital source (big data). The key function of
this refinery is creating value from big data by harnessing its benefits. In order to clarify the challenges in extracting this
value, understanding and conceptualizing the characteristics of big data is crucial. By taking into account the variety of the
challenges and opportunities concerning big data and its analytics, this paper aims at focusing on and exemplifying issues
with respect to smart mobility in smart cities within the framework of conversion of data to information.
The first section of the study explores and presents the basis of big data and analytics. Then the challenges in conversion
of knowledge from unstructured data to information are conceptualized within the frame of smart mobility. In this context,
the interpretation of the most common and popular bottlenecks with a view on specific challenges is critical for the extraction
of value from big data. Finally, implications and research directions in relevant fields are presented in the concluding section.
Issues and Challenges in Big Data and its Analytics
The past decade witnessed a sensational growth of effort in attempts to conceptualize big data as a major ongoing
challenge that arose from an unprecedented expansion in the volume, variety and velocity of stored information. These
focal attributes of big data are also known as the 3Vs model actually introduced in the late 1990s by Doug Laney and
published in 2001 as a research note. Briefly, the first V, Volume, indicates the size of the data set, and the second V,
Velocity, implies the rate of data inflow of a non-homogenous structure. The final V, Variety, refers to the range of data
types within multiple structured or unstructured formats (e.g. text, audio, video or even data noise collected by sensors).
Beyond the basic 3Vs, practitioners’ and scholars’ initiatives in analyzing and handling big data propose one another V. As
the fourth V, Value implies the significance of extracting the benefit from the accessible data sets (IDC, 2012). Efforts on
the part of academia and the industry for defining big data expand its characteristics by identifying new V’s. Veracity
(Ohlhorst, 2012) implies the accuracy and trustfulness of the information within the existence of complexities, anonymities
and inconsistencies. Variability is about the changes in the meaning of collected data. Visualization means
transformability of data to be readable (Sivarajah, et al., 2016). Debates on characterizing big data are still incomplete.
Even though the character of big data expanded from 3Vs to 7Vs, the literature is still inconsistent and weak in generating
complete definitions of each V and clarifying the relationships among them. Moreover, within the existing quantity of V
attributes, practitioners from industry/business (Richey, et al., 2015) or practitioners from academia still remain confused
about the big data creation and sourcing issues. At this point, practitioners face different forms of solid challenges. The
most popular and common challenges about creation and sourcing - needed to be resolved urgently - are about volume,
variety, velocity and veracity. As it is exemplified in the introduction section, data overcrowding increases redundancy and
causes a serious challenge in the smart era (Chauhan, et al., 2016). Even though cloud-based structures provide
opportunities for cost-effective ways of overcoming the challenges regarding these four Vs, the constant interaction
between cloud servers still comprises complexities such as structuring desirable data (Khan, et al., 2015), automatic
recognition of desirable patterns (Cheng, et al., 2015), and scalability and modularity of data for context aware platforms
(Li, et al., 2015).
The insufficient comprehension of these characteristics causes a lack in the utilization of big data by practitioners. Beyond
the shortcomings in comprehending big data characteristics, similar ambiguity can be found in the process of analytics.
This ambiguity or insufficiency about analytics is related to the techniques of capturing, storing, restructuring and integrating
big data to reap its concrete benefits. The literature on big data analytics prompts such majority of engagements as the
collection, storage, integration, manipulation and finally, presentation of data. The process of analysis mostly covers the
range of data from unstructured form to structured form for deriving meaningful presentations. By structuring or
reconfiguring raw data, the community of big data analytics practitioners (or machine learning applications) tries to figure
out valuable information by using a collection of different tools including integrative analytics, data mining, statistics, artificial
intelligence, natural language processing, and so forth. The most common methods about analytics can be grouped into
five types as descriptive, inquisitive, predictive, prescriptive and pre-emptive analytics. According to a systematic
literature review study provided by Sivarajah, et. al., (2016), even though descriptive analytics supplies some useful
patterns for backward looking and current situations in order to forecast the next move (predictive), there is a mention (in
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the literature) of required ability to read the facts and relate these facts to relevant decision making processes. The
challenge concerning this ability stems from both human resource and machine learning issues. Some authors (Hasan, et
al., 2014) propose some self-algorithms (e.g. self-organizing maps) for interpreting multi-structure inputs from a variety of
sources. Finally, employing prescriptive analysis in order to clarify reason and result effects for business optimization
would work fine when all the required dimensions were included. However, most of the databases are constrained on the
number of dimensions (Banerjee, et al., 2013) and provide only partial insight into complex business problems.
Smart Mobility for Smart Cities: Basic Issues and Challenges
As commonly proposed, big data contains an enormous potential to make urban life more convenient despite the
considerable issues challenges outlined in the previous section. The population density in urban life is going to rise
especially due to the movement of people from pre-urban areas (Bohli, et al., 2015). Today, 30 percent of the world’s
economy is accounted by just 100 cities while in a decade 600 cities are projected to constitute 58 percent of the global
Gross Domestic Product and accommodate 25 percent of the world’s total population (McKinsey Global Institute, 2016).
Almost in a quarter century, 70 percent of the world population will be moved to cities if this urbanization trend continues
(Lierow, 2014). This percentage will be 86 percent for more developed regions (UN DESA, 2012). The rapid growth in city
population generates some widely acknowledged problems such as congestion, pollution, social inequality, and so forth.
As expected, there is a growing need for infrastructure to handle people’s needs in areas such as the flow of goods,
information, security, health, education, and entertainment. Within this frame, the increasing density and complexity of
urban life and supply systems prompt various challenges with respect to sustainability and efficiency. In order to assure
future viability and prosperity in urban areas, new technology based solutions as well as new perceptions are becoming
the most crucial requirements.
Information and Communication Technologies (ICT) is an appropriate tool for facing these challenges in transforming
traditional cities into smart cities. Each advance in ICT has a great impact on the urban life by reducing costs, facilitating
new products or processes, substituting goods or travel with digits and signals (e-books, e-audio files, e-tickets,
telecommunication, messaging, navigating, etc.). Within this context in the literature, a smart city is defined as a sustainable
city which benefits from various ICT services, big data and domains of application. It can be briefly described as a kind of
vision for urban development in definitive assets by benefiting from ICT where the data is mostly created by people or IoT.
These definitive assets can vary from city infrastructures to city rules and regulations which include the water supply system
of the city, transportation systems, pharmacy sharing or power plants among many others.
Although the origins of the definition dates back to the 1990s in the form of “networked cities”, it actually addresses places
where ICT is combined with everyday objects to shape a more prosperous and inclusive future for the citizens. Some
popular definitions of a smart city from the literature are presented in Table 1. As it can be seen, defining a smart city is not
easy because of the absence of a general consensus on the meaning. However, there is a wider agreement about smart
city characteristics. There are six important axes or characteristics of smart cities: smart economy, smart people, smart
governance, smart environment, smart living and smart mobility (Kumar, 2015; Chatterjee and Kar, 2015, cited in Chauhan,
et al., 2016). With few exceptions, the applications domain is significantly parallel to these characteristics. Briefly, smart
economy mostly refers to domains such as productivity, markets or innovation, while smart people refers to flexibility in
social and professional areas. Smart governance covers aspects of participation in decision-making, public and social
services, political strategies and suggests transparent governance. Environmental protection, resource management and
other natural conditions for a viable city are the aspects of smart environment. Living healthy, improving the quality of life,
culture, safety and tourism, etc. are encompassed by smart living. Finally, smart mobility refers to local and global
accessibility, and a smart system of transportation.
Enabling accessibility in urban places requires having various data and knowledge integrations and operational innovations
such as on demand travel opportunities, cost and time effective access opportunities, safe and secure movement
opportunities and the like. Ironically, in this context ICT plays a complementary role in the demand for travel instead of
substituting it (i.e. telecommunications), because it triggers the steady rise of demand for mobility of goods and people and
exerts pressure on the urban mobility system. This interplay between ICT and mobility unveils a critical challenge
concerning long-term sustainability. It is a big challenge when it is perceived as the convergence of digital and physical
facts. As a critical and crucial characteristic, smart mobility has an unavoidable impact on all potential stakeholders
expending the benefits of living in a city (Arena, et al., 2013) in various ways; environmental, social and economic. A smart
city needs smart mobility for reducing air and noise pollution, traffic congestion, transportation costs, and increasing safety
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and speed. As a multifaceted point, smart mobility refers to integrated systems providing efficient and flexible travel
opportunities in all modes of transportation with the help of smart infrastructure, intelligent systems and operational
modeling.
Table 1: Definitions of a Smart City
Definition

Source

Smart city as a high-tech intensive and advanced city that connects people, information and
city elements using new technologies to create a sustainable, greener city, competitive and
innovative commerce, and an increased life quality.

Bakıcı, et al. (2012)

Being a smart city means using all available technology and resources in an intelligent and
coordinated manner to develop urban centers that are at once integrated, habitable, and
sustainable.

Barrionuevo, et al. (2012)

Smart community – a community which makes a conscious decision to aggressively deploy
technology as a catalyst to solving its social and business needs. The real opportunity is in
rebuilding and renewing a sense of place, and in the process a sense of civic pride. Smart
communities are not, at their core, exercises in the deployment and use of technology, but
in the promotion of economic development, job growth, and an increased quality of life. In
other words, technological propagation of smart communities isn’t an end in itself, but only
a means to reinventing cities for a new economy and society with clear and compelling
community benefit.

Eger (2009)

A city connecting the physical infrastructure, the IT infrastructure, the social infrastructure,
and the business infrastructure to leverage the collective intelligence of the city.

Harrison, et al. (2010)

Smart cities of the future have a high quality of life supported by sustainable urban
development policies where all residents, including the poor, can live well and the attraction
of the towns and cities is preserved. They are cities that pursue sustainable economic
development through investments in human and social capital, and traditional and modern
communications infrastructure; and manage natural resources through participatory
policies. Smart cities are sustainable, converging economic, social, and environmental
goals.

Thuzar (2011)

Source: Adapted from Albino, et al. (2015)
Big data and big data analytics are crucial in feeding the systems that enable smart mobility to overcome the threat of rising
transportation needs. However, some of the issues in big data for smart mobility emerge in parallel with transportation
problems. According to a White Paper by U.S. Department of Transportation (2014), one of the challenges is the
comprehensive understanding of big data pertaining to transportation that needs to be promoted at the inception of a
process, despite the existence of technical and occupational obstacles in data capture, data management and analysis.
Secondly, there is a lack of confidence about the specific form of utilization and benefits, such as transportation system
monitoring and management for better predictions of impeding conditions, imminent traffic flow breakdowns, weather and
travel behavior and so forth. Moreover, traveler centered transportation strategies are required for understanding
personalized travel demand and developing the correct tactical resolution. This might become available if the variety of
traveler data describing traveler profiles and priorities are integrated. In addition, all the challenges with respect to traveler
centered solutions are based on real time data flow and communication. Third, existing big data research is not sufficient
when compared with the eminence of demand and data. As it is mentioned before, the lack of skills in big data analytics
herewith emerges again as an insufficient research activity. Fourth, understanding and capitalizing on big data requires
broader, non-traditional and non-transportation stakeholder engagement. Utilizing big data for smart mobility purposefully
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may be expected from someone from outside of the transportation community, such as someone from the fields of statistics,
machine learning, demand management, customer profiling or marketing. Finally, cost or resource implications are
uncertain. More likely, developing applicable big data solutions mostly requires some investment in in-house training and/or
outside consulting services, such as those associated with mining data to identify patterns and profiles, developing
predictive algorithms, and incorporating the algorithms into existing expert systems. The task of facing these challenges
has begun to be frequently outsourced to third parties who serve value extracted from big data. The dark side of this activity
lies in the dependency for obtaining value from the outside source.
Conclusion, Implications and Future Directions
While in some aspects the world is expanding at an exponential scale (data creation, world trade, urbanization,
industrialization and pollution, travel and tourism, world population, ecological issues and sustainable practices), the world
is also becoming more and more complex through advances in ICT which implies interconnectivity. With the volume of data
growing incessantly, the variety and intensity of stakeholder needs and demands are also continuously increasing. In this
paper, issues pertinent to the utilization of big data in improving the future of smart cities were presented with a view on the
current and popular trends in academy and industry. It can be concluded that the development and implementation of
effective smart city applications based on big data analysis is not an option but is a mandatory and urgent ordeal for which
industry-academia collaboration is crucial. Additionally, authorities must have implemented solutions to trigger merge of
interdisciplinary knowledge and skills both from academia and industry. Up to date awareness about future technologies
and prospect seems to be critical for academia while up to date awareness about big data methodologies, techniques and
applied knowledge is required by industry. On the other hand, shared understanding, reciprocity and skill acquisition
between academy practitioners and industry practitioners can be the most critical issue within a dynamic and early stage
research field.
Smart mobility was deemed to be an essential aspect of smart cities where big data analysis, if executed successfully, can
provide groundbreaking outcomes with respect to cost and time management and the optimization of supply chains with a
prospect on the improvement of the quality of life in urbanized locations. Based on the overwhelming speed by which data
is created by multiple sources, interdisciplinary collaboration in big data analysis is essential, in theoretical and applied
contexts alike.
On the other hand, in parallel with the advances in ICT and increasing complexities posed by urban lifestyles, new
challenges emerge while some of the existing issues remain unresolved. The main issues that require attention were
identified in areas such as the need for new skill acquisition, motivation for indulging in big data analysis, confidence in the
achievement of beneficial results, and the need to update and improve physical and technical infrastructures. Other issues
in the context of big data and smart cities which deserve to be investigated in more detail in the future include the
development of efficient methodologies for industry-academia collaboration in the field of big data analysis, and the
improvement of innovation literacy, which entails central actions in the form of resource allocation, education and business
intelligence.
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