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A B S T R A C T

Sensors and systems within rapidly expanding smart cities produce citizen-centered big data
which have potential value to support citizen-centered urban governance decision-making. There
exists a wealth of extant conceptual studies, however, further operational studies are needed to
establish a specific path towards implementation of such data to governance decision-making with
analytical algorithms that are appropriate for each step of the path. This paper proposes
a framework for the use of citizen-centered big data analysis to drive governance intelligence in
smart cities from two perspectives: urban governance issues and data-analysis algorithms. The
framework consists of three layers: 1) A data-merging layer, which builds a citizen-centered
panoramic data set for each citizen by merging citizen-related big data from multiple sources in
collaborative urban governance via similarity calculation and conflict resolution; 2) a knowledge-
discovery layer, which plots the citizen profile and citizen persona at both individual and group
levels in terms of urban public service delivery and citizen participation via simple statistical
analysis techniques, machine learning, and econometrics methods; and 3) a decision-making layer,
which uses ontology models to standardize urban governance-related attributes, personas, and
associations to support governance decision-making via data mining and Bayesian Net techniques.
Finally, the proposed framework is validated in a case study on blood donation governance in
China. This research highlights the value of citizen-centered big data, pushes data-to-decision
research from conceptual to operational, synthesizes previously published frameworks for
citizen-centered big data analysis in smart cities, and enhances the mutual supplement cross
multiple disciplinaries.

1. Introduction

The Europe 2020 Strategy approved by European Commission centers around environmental protection, sustainability, and modern
social issues. Since its issue, the “smart city” has become a red-hot concept encompassing emerging technologies and urban sustain-
ability (Marlier, 2010). The smart city is viewed as a public-private ecosystem among government, industry, non-profit organizations,
and citizens centered around sustainable economic growth and quality of life through participatory governance. Smart cities tend to
invest in human and social capital as well as traditional and modern information and communication (ICT) infrastructures (Abella,
Ortiz-de-Urbina-Criado, & De-Pablos-Heredero, 2017; Angelidou, 2015; Caragliu, Del Bo, & Nijkamp, 2011). Research on smart cities
tends to focus on two dimensions: 1) Technological, e.g., exploiting advanced technologies such as Internet of Things, cloud computing,
sensing, and deep learning to enhance added-value services delivery and effective resource management for urban administration to
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citizens (Jin, Gubbi, Marusic,& Palaniswami, 2014; Pan et al., 2013; Perera, Zaslavsky, Christen,& Georgakopoulos, 2014; Zanella, Bui,
Castellani, Vangelista, & Zorzi, 2014); and 2) managerial, per the design of conceptual frameworks, models, and methods to support
management decision-making in terms of urban performance, innovation, governance, and policy on the basis of experience plus the
extant literature on smart cities (Abella, Ortiz-de-Urbina-Criado, & De-Pablos-Heredero, 2015; Angelidou, 2014; Lombardi, Giordano,
Farouh, & Yousef, 2012; Nam & Pardo, 2011; Paskaleva, 2009).

Ubiquitous digital devices and infrastructures give access to a wealth of real-time big data about the urban environment. Big data is
forever changing the way we manage, market, and also govern; big data analysis enables newmodes of urban governance and facilitates
more efficient, sustainable, competitive, productive, open, and transparent cities, thus playing an indispensable role in managerial
research on smart cities (Al Nuaimi, Al Neyadi, Mohamed, & Al-Jaroodi, 2015; Kitchin, 2014). Most researchers focus on macro-level
policy- and decision-making based on analyzing collective-level big data produced by civic collective action in urban affairs such as
transportation, emergency management, health care, or environment management (Bates, Saria, Ohno-Machado, Shah, & Escobar,
2014; Jagadish et al., 2014; Kim, Trimi,& Chung, 2014; Lv, Duan, Kang, Li,&Wang, 2015; Song, Fisher, Wang,& Cui, 2016). However,
citizen-centered big data that provides real-time insights into citizen behavior and public opinion, which is increasingly created by
digital devices like sensor networks and social medial platforms at the individual citizen level, have significant potential value but have
seen relatively little research.

The mode of urban management is changing from traditional mandatory management to modern governance intelligence with
citizen participation and collaboration (Cooper, Bryer, & Meek, 2006; Howlett, Rayner, & Tollefson, 2009; Jreisat, 2004; McDermott,
2010). To this effect, citizen-centered (or “citizen-centric”, or “user-centric”) governing practices have emerged to support newmodes of
urban governance intelligence are designed to foster citizen engagement and to allow individuals active, democratic participation in
urban affairs (Bolívar, 2018; Cleland, Wallace, & Black, 2018; Lee & Lee, 2014; Linders, 2012). The potential of user-centered data
analysis in improving user-related service delivery by supporting decision-making has been explored in depth as-applied to business
management and healthcare management (Hienerth, Keinz,& Lettl, 2011; Raghupathi& Raghupathi, 2014); conceptual research in the
public administration field has highlighted the value of citizen-centered big data analysis on citizen-centered governance in smart cities.
Such analysis allows the city to provide citizens with proactive, precise, and personalized urban services, and helps city managers to
formulate incentive measures encouraging citizen participation (Baesens, Bapna, Marsden, Vanthienen, & Zhao, 2014; Linders, 2012;
Martens, Provost, Clark, & Junqu�ede Fortuny, 2016). However, researchers are yet exploring the hidden value of citizen-centered big
data in terms of resolving complex issues of governance intelligence in smart cities. Though some frameworks, from general to con-
textualized, have been established to describe data-driven decision-making processes in some fields (Ackoff, 1989; Lokers, Knapen,
Janssen, van Randen, & Jansen, 2016; Wang, Kung, & Byrd, 2018), these processes serve as only a frame of reference. More complete
frameworks are yet needed to identify essential urban governance tasks and specify the implementation path from data analysis to actual
governance decision-making (Mergel, Rethemeyer,& Isett, 2016). Additionally, as extant frameworks tend to center around conceptual
discussions rather than any detailed discussion of usable analytical algorithms in each step of the path, it is yet necessary to establish the
connection between urban governance tasks and analytical algorithms to increase the operationalization of any such framework.

This paper proposes a framework to interpret how to use citizen-centered big data analysis to drive governance intelligence in smart
cities. A specific implementation path from data analysis to governance decisions is determined, and issues related to urban governance
and data-analysis algorithms are built into the data-driven decision-making path. Data-merging, knowledge-discovery, and decision-
making layers form the essential steps to data-driven governance decisions; they are main layers of the framework proposed in this
paper. Urban governance issues are discussed in terms of urban public service delivery and citizen participation, the two essential
aspects of urban governance (Baesens et al., 2014; Linders, 2012; Martens et al., 2016). Concepts of “citizen profile” and “citizen
persona” are introduced and applied to define citizen characteristics relevant to citizen-centered urban governance. The analytical
algorithms used in our framework may cross multiple disciplines including sociological, computational, and methodological. The utility
of the proposed framework is demonstrated in a case study on blood donation governance in China.

This paper is divided into four sections. First, we review the extant research on smart cities, citizen-centered governance, and big
data analysis to build a theoretical foundation for our work. We then establish our framework for citizen-centered, big data analysis-
driven, urban governance intelligence for smart cites. Our case study is discussed in the following section. The final section provides
a discussion on the theoretical and practical implications of the proposed framework.

2. Literature review

2.1. Smart cities and big data

A smart city is a multi-agent ecosystem comprised of kinds of societal actors like public sectors, private companies, non-profit or-
ganizations, and citizens; it also represents a multidisciplinary field constantly shaped by advancements in technology and urban
development (Angelidou, 2015). Smart city governance in the era of big government necessitates plurilateral collaboration among these
various societal actors (Cooper et al., 2006; Howlett et al., 2009; Jreisat, 2004; McDermott, 2010). Citizens can no longer be simplified
as “customers”, as they are also co-producers – they participate in urban affairs not only by voting but by producing, delivering, and
monitoring (Anand, 2011; Meijer, 2015; Rossel & Finger, 2007).

Worldwide data production is steadily growing alongside advancements in ICT, e.g., mobile Internet, social media, and Internet of
Things. High-volume data sets in urban affairs may be merged with highly structured administrative data actively collected by public
sector organizations plus structured (or unstructured) interactive data passively created by sensors, social media, websites, and public-
sector applications (Mergel et al., 2016). Urban managers can regard these data as real-time insights into citizens’ behavior and
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