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Abstract

As part of a doctoral study this paper provides a data use
reference model for Smart Cities, based on the various in-
teraction points in a city. The SCIEP conceptual model is a
way to understand the variances and interdependencies be-
tween data users aiding in a city’s transformation with new
service delivery that is citizen centric. It advocates a move
from technologically focused Smart City planning to a more
complementary approach to different and changing urban
contexts and communities. The SCIEP conceptual model
model presented in this paper imagines Smart City imple-
mentation as being citizen- centric in its approach, involving
participation by all city stakeholders in the establishment of
co-created and data driven ecosystem known as the Smart
City. It does this by considering Smart City implementation as
the establishment of urban intelligence through widespread
ICT deployment and exchange combined with co- produc-
tion and collaborative practices towards the uncovering
and establishment of “data-driven innovation” and value (i.e
creating new products and services) within a digitally driven
ecosystem. The data model presented adds to current aca-
demic debate by gaining a better understanding of the role
that data, its producers and consumers play in supporting
various stakeholder engagement and governance practices
when developing Smart City services. It offers a model fore-
grounding collaborative engagement practices to ensure that
smart initiatives and their deployment are well aligned and
appropriate in relation to various participatory networks and
community engagement practices to establish a more inclu-
sive, active citizenry. It also offers a way to interpret Smart
City implementation by considering the context in which it
operates in order to unlock its value and potential for provid-
ing new services to citizens, to improve their quality of life
and enhance social and economic transformation.
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Introcdluction

This paper puts forward the SCIEP conceptual model. The
SCIEP model offers a multi-dimensional approach, imagining
Smart City implementation as an overarching strategy that
takes into account the contextual interstices, people, do-
mains and associated resources needed to mohilise public
and stakeholder value. The Smart City concept emerged as

a viable model towards improving urban management and
public life through the application of ICT and the optimisa-
tion and integration of smart technologies (Madakam and
Ramachandran, 2015:34). As an instrument, the Smart City
aims at improving cities by mobilising all city stakeholders in
the creation of sustainable and equitable cities rooted in the
use of technologies to establish a co-created, intelligent and
connected city (Chamoso, Gonzalez-Briones, Rodriguez and
Corchado, 2018:2). In essence, the Smart City concept is an
attempt to render cities more efficacious for their citizenry,
utilising its ability to optimise and integrate all city function-
alities and infrastructure, such as resource optimisation and
the advancement of public services.However, as each city is
unique, the unlocking of its Smart City potential requires an
exploration of its context and variables towards understand-
ing and improving its operational efficiencies and functional-
ities, such as improving urban systems and accelerating dig-
ital transformation for a broader citizenry (Caird and Hallett,
2019:189). This research looked at Smart City implementa-
tion as an engagement practice. It offers a model and reports
on the components that advance data driven Smart City im-
plementation and engagement and how these components
may be developed as a broader Smart City vision.

Methods: Constructing the SCIEP

conceptual model

As part of a doctoral study exploring Smart City implemen-
tation as an engagement practice for the city of Cape Town,
South Africa, this research started with a systematic litera-
ture review (SLR) and content analysis. The review was based
on the assumption that Smart City implementation can play
a significant role in addressing current urbanisation issues;
however, the associated mechanism for unlocking its poten-
tial is unclear. The objective of the first-phase content and
document analysis was to identify the central Smart City dis-
course and associated constructs and approaches in litera-
ture. Results from this content analysis process revealed 63
key elements which pertain to the Smart City discourse and
enable a broadly defined overview of the components that
lead towards Smart City implementation and engagement.
These constructs were further refined regarding their pur-
pose, process and objectives related to the conceptualisation
of data through a process of constant comparison, analysis
and labelling of raw data as a way of inferring meaning. The
accumulation of such inferred meaning provided “potential
indicators of a phenomenon” and, through constant compar-




ison and analysis, identified the unit of analysis that informs
the theory (Pandit, 1996:1)This systematic approach and an-
alytical process of constant comparison of the data served
to identify abstract representations of a phenomenon. It in-
volved the clustering of concepts into categories as they per-
tain to a phenomenon. The outcomes of this process of con-
stant comparison disclosed 17 constructs, explicitly related
to understanding Smart City implementation as a co-created
ecosystem. Moreover, the outcomes uncovered the compo-
nents that lead to Smart City implementation, engagement
and the advancement of a local, more inclusive environment.
The 17 constructs were further developed and interpreted
using an inductive approach of constant comparison in or-
der to understand and develop a Smart City vision that is
geared towards engagement. Seven main concepts, specif-
ic to Smart City implementation as an engagement process,
emerged from this process: 1) data, 2) co-production, 3) cit-
izen participation, 4) knowledge management, 5) Smart City
initiatives, 6) Smart City maturity, and 7) Smart City domains.
These were further developed into the Smart City Implemen-
tation as an Engagement Practice model (SCIEP).
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Figure 1. SCIEP conceptual model (Author’s construct, 2020)

SCIEP Axis and its Meaning

The SCIEP conceptual model imagines Smart City implemen-
tation as being citizen-centric in its approach, involving par-
ticipation by all city stakeholders in the establishment of co
created and data-driven ecosystem known as the Smart City.
It does this by considering Smart City implementation as the
establishment of urban intelligence through widespread ICT
deployment and exchange, combined with co-production
and collaborative practices towards the uncovering and es-
tablishment of “data-driven innovation” and value (i.e creating
new products and services) within a digitally driven ecosys-
tem (Abella et.al, 2017:51). As such, the SCIEP model provides
a set of variables by which to activate or establish Smart City
implementation which enables social and economic evo-
lution, taking into account the contextual nuances of a city
and its wider developmental objectives, such as bridging the
digital divide (Boyle and Staines, 2019:26). As such, the SCI-
EP model also advocates Smart City implementation that
facilitates the creation of a more inclusive citizenry and in
which citizens are perceived as prosumers (both producers
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and consumers of content) within the digital urban environ-
ment, therefore calling for a bottom-up approach and more
participatory governance models to solve urban challenges
and understand required city and stakeholder needs (Gutier-
rez et al, 2016:4). The SCIEP model and its axis, which | dis-
cuss below, offer a multi-dimensional approach by which to
imagine Smart City implementation as either an overarching
strategy from which to work or as a stage-based implement-
ed model towards initiating and driving Smart City initiatives
or measure projects, taking into account the needed consid-
erations as they pertain to the contextual interstices, people,
domains and associated resources towards mobilising public
and stakeholder value.

The vertical axis of the SCIEP conceptual model
The vertical axis of the SCIEP conceptual model serves as
a stage-based model for Smart City implementation. It can
be thought of as a means of initiating scalable and practical
citizen centric solutions, that form part of a city’s innovation
strategy and ecosystem. For example, in the domain of cit-
izen participation, implementation could have as its focus
seeking to permit engagement of collaborative digital prac-
tices and environments with citizens and the city, by leverag-
ing citizens as city partners of an urban innovation platform
(Madakam and Ramaswamy, 2015:3). As captured in the do-
main, this could be achieved either through perceiving citi-
zens as (1) democratic participants, (2) citizens as users, or
(3) citizens as creators of services. This is important as suc-
cessful Smart Cities and their service delivery require new
ways of public and participant engagement within an urban
setting, that allow for more inclusionary platforms to serve
as catalysts towards empowering citizens and to transform
city management services (Burt, 2001:298; Paskaleva et al.,
2015:131). Similarly, as captured in the “data” component, the
model highlights the potential usage of data as they relate to
(1) developing a local community and how citizen generated
data can be reused to help users, (2) local operational man-
agement and how data from service providers can be used
to improve government and company processes through
improved data interoperability, (3) preventive local adminis-
tration and how data from various companies, users or ser-
vice providers are captured and leveraged in order to better
understand the urban context and problem areas, as well as
increase operational efficiencies, and (4) local information
diffusion and how data from service providers and custom-
ers are leveraged for their usefulness to wider citizenry or
stakeholders (Lim et al, 2018:93). These components can
also work in tandem in the sense that the overall focus could
be on data-use and the development of local network whilst
being responsive to how it relates to aspects, such as knowl-
edge management and how knowledge is leveraged for inno-
vation or transformation.

The horizontal axis of the SCIEP model

The horizontal axis of the SCIEP model, therefore, highlights
all key Smart City components as they relate to understand-
ing Smart City implementation as a citizen-centric practice
that operates within and contends with complex urban envi-
ronments bearing diverse heterogenous contexts and urban
challenges. Its components (horizontal axis), therefore, serve
as essential recommendations in perceiving or modelling
Smart City implementation as a co-created ecosystem




through an ongoing urban debate that utilises these compo-
nents of data, co-production, citizen participation, knowl-
edge management, Smart City initiatives, Smart City maturi-
ty and Smart City domains, in order to ensure that smart
initiatives and their deployment are well alighed and appro-
priate in relation to various inclusive participatory networks
and community engagement practices (Rodriguez-Bolivar,
2015). Furthermore, these key components and their activa-
tion as a framework for deployment ensure a better under-
standing and interpretation of what Smart City implementa-
tion should be in order to unlock its value with regard to
providing new services to citizens, improving their quality of
life and enhancing social and economic transformation and
the advancement of a local more inclusive environment,
while also focusing on adaptive, scalable and practical citi-
zen-centric solutions as part of a city’s innovation strategy
and ecosystem (Gutierrez, Amaxilatis, Mylonas and Munoz,
2018:668). For example, the “Data” dimension calls for a da-
ta-driven Smart City approach where the activation of data is
used as a tooling sport of Smart City initiatives. This dimen-
sion calls for consideration of issues, such as (1) associated
challenges and required needs in dealing with a vast increase
in generated data across distributed networks and data
sources, (2) the structuring of data from several sources,
such as sensors or city traffic cameras, etc,, (3) the need for
real-time data processing across city infrastructure and
management, and user level, and (4) ensuring data reliability
and value as gathered from several data sources (Santana et
al, 2017:6). Furthermore, the “Data” domain considers the ap-
plication of data analytics that support the application of IoT
in matters, such as smart transportation, smart healthcare,
the smart grid, etc. It also calls for a data-driven co-created
city drawing on an array of distributed 10T technologies, data
sources and data sets in order to resolve inner-city problems
linked to better public services and an improvement in citi-
zens' quality of life. This includes the leveraging of open data
and the needed considerations with regard to making sure
that (1) data are machine readable and facilitate use and re-
use, (2) data are easily accessible on a publicly available on-
line platform, (3) published data follow proper regulatory
standards and formats in order to ensure interoperability be-
tween various data sets, (4) published data sets have an audit
trail indicating the original, intended use which facilitates the
interpretation of data sets and their use and reuse, (5) the
need for a legal regulatory open data government framework
that governs published data according to stakeholder con-
cerns,(8) the need to define operational processes as a col-
lective in order to regulate published data, as well as ensure
data use, reuse and interoperability across data sets, (7) the
need to generate and facilitate data interaction points be-
tween users in order to foster data supply and demand, as
well as ensure data relevance and quality, (8) the need for a
designated group of experts who manage a city's open data
processes, and (9) the need to create and increase data de-
mand in order to promote such issues as government trans-
parency, efficiency improvement, and social and economic
development (Nugroho et al., 2015:303).The components of
co-production and citizen participation relate to garnering
citizens participation in relation to planning and deployment
of smart initiatives. As a set of recommendations, it centres
around the need to establish collaborative citizen engage-
ment and alternative forms of urban governance that allow
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citizenry and other stakeholders to collaboratively be part of
the design and planning of urban spaces. This set of compo-
nents supports a number of modalities of participation, as
well as understanding the levels of participation within a
Smart City, especially with regard to the context of the city
and its people (Cardullo and Kitchin, 2019:5). Furthermore,
citizen participation is seen as the means by which to enable
public engagement, where digital communication tools are
leveraged for their capacity to facilitate social conduct. As
such, these tools often serve a mediating role towards acti-
vating aspects, such as co-production driven by citizens and
communities, or citizen participation where citizens are
co-creators and users of services (Niederer and Priester,
2016:137). Co-production and citizen participation, there-
fore, supports the application of digital tools to function as
shared social objects towards identifying networks and their
organisational conditions, as well as the “socio-material con-
ditions” of communities or neighbourhoods (Niederer and
Priester, 2016:137). Additionally, co-production and citizen
participation reinforces sustainable forms of participation,
and public and citizen engagement, centred around address-
ing public interests. Participation towards sustainability,
therefore, includes the reconciliation of contextual nuances
of place and space across the urban domains of economics,
social factors and environment. It also supports participation,
such as collaborative design, participatory decision-making,
public discourse, participatory design challenges, policy inte-
gration and public resonance (Joss, 2014:49). The compo-
nent “knowledge management” highlights the need to unlock
latent urban value by supporting enhanced stakeholder inter-
action between industry, government, society and university.
It, therefore, includes considerations around matters, such as
open innovation and facilitating collaborative engagement
amongst all participating city stakeholders towards a focused
innovative action or goal (Paskaleva, et al, 2015:121). It in-
cludes a number of ways by which to leverage such engage-
ment including inventive, absorptive and transformative ca-
pacities, etc. (Lichtenthaler and Lichtenthaler, 2009:1321).
The “Smart City initiatives” component highlights key Smart
City paradigms. These Smart City paradigms include (1) com-
munity and people, (2) natural environment and infrastruc-
ture, (3) governance, and (4) economy. It is within these para-
digms, and with the establishment of these urbanecosystems
in which social interaction occurs in diverse contexts, across
different urban settings and with muiltiple associated social,
infrastructural and technological characteristics, that smart
services may be brought about through a blending of co-cre-
ated social innovation practices based on actor or user needs
(Aurigi and Odendaal, 2021:2). The “Smart City maturity”
measures as part of the domain ways to determine a city’s
developmental stages in relation to its Smart City trajectory,
as well as to ensure best practice and evaluation of Smart
City projects. These measurements are (1) strategic intent,
(2) data use, (3) technology, and (4) governance and stake-
holder engagement. These variables can also be thought of as
stage-based or sequential in nature, building on the preceding
indictor or measurement in order to move towards full Smart
City implementation. The component Smart City Domains
highlights the key focus areas and factors towards establish-
ing a Smart City that aims at resolving inner-city problems
linked to public service availability, environmental sustaina-
bility, congestion, population density, inequality and liveabili-




ty, infrastructure and management, and smart services.
These domains relate to (1) technological implementation,
hardware and software frameworks; (2) the use of techno-
logical solutions to improve people and communities, em-
phasising creativity, heterogeneity and education; and (3) in-
stitutional governance and policy assistance (Lee et al,
2014:82; Anttiroiko et al, 2014:325). The bottom row titled
“Indicators” provides a set of variables or guidelines by which
to test or measure the extent or successful implementation
of initiatives according to their corresponding SCIEP compo-
nents. For example, under the “Data” component five varia-
bles are highlighted by which to test data-driven Smart City
deployment. These variables are used to measure aspects,
such as how data are managed in relation to local network
development, and to what degree they are accessed, inte-
grated and delivered.

Significance and contribution of SCIEP
conceptual Model

The SCIEP conceptual model is a framework by which to
imagine or characterise what a Smart City and its initiatives
can be when focused as an engagement practice involving
all participating city stakeholders and users. It contributes
to understanding Smart City implementation as a data-driv-
en approach. Additionally, the establishment of urban intel-
ligence, through widespread ICT deployment and exchange,
serves as agency, combined with co-production and collab-
orative practices, towards the uncovering and establishment
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