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Digitalisation for smarter cities — Moving
from a static to a dynamic view

Abstract

This paper presents a critical review of the literature on smart cities informed by a socio-technical
perspective that views ‘smart city development’ as a dynamic change process that extends to both the
technological apparatus of the city and the social environment that produces, maintains and uses it.
The conclusions from the review are summarised in six propositions. The propositions contest the
mainstream discourse that often culminates in in a utopian vision where data collection, processing,
analysis and sharing provide solutions to all urban problems and provide direction for the future
advancement of smart city research and practice. Using the propositions as guidelines to underpin a
multi-disciplinary approach, the paper sets out a relational perspective based on notions of boundary
spanning, coordination and management that can shed light on previously overlooked aspects of

smart city transitions.
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1. Introduction: The process perspective on smart city development

The smart city notion started appearing from the 1990s, initially as a supply-side-driven
practice-orientated agenda but it soon caught the interest of scholars working in various
fields of research, including but not limited to engineering, computer science, public policy
and administration and human geography. The mainstream smatrt city narrative has been,
and still is, dominated by a distinct focus on technology as the enabler for cities to become
more instrumented, interconnected and intelligent through capturing and collecting, sharing
and distributing, and analysing and implementing on data (Harrison et al., 2010). However,

links to urban development goals and city challenges remain obscure and indirect.

In response, a critical literature started to develop in the social sciences which condemns the
mainstream narrative for its focus on technologies seeing their implementation as necessary
to achieve smarter urban living, while downgrading citizens to subjects and their role in this
process to passive users of smart-digital technologies needing to adapt to the emerging
digital revolution (see for example Datta, 2015; Lugue-Ayala and Marvin, 2015; Kitchin,

2016; Kitchin et al., 2017; Rose, 2017; Martin et al., 2018).

Nowadays, smart city development is considered the norm, and the necessity of moving
towards smarter cities has been accepted as inevitable and indisputable. However, a
conceptual understanding of what exactly makes a city smart is still lacking despite the
abundance of characterisations, classifications and evaluation frameworks for smart
initiatives (Neirotti et al., 2014; Albino et al., 2015; Cavada et al., 2017). The absence of
supporting theories and clear value propositions translates into fragmented, piecemeal

initiatives resulting in impact detached from idealised smart city visions.

To remedy this shortcoming we argue for the benefits of considering smart city development
as a dynamic change process worthy of investigation in its own right rather than simply as
the ‘natural’ pathway towards the smart city as a static, normative goal. Smart city

development is understood here as a continuous process of adoption of innovative
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technologies to improve the functioning of cities and the quality of urban life. Informed by
contemporary discourse the paper focuses specifically of data-driven digital technologies

and techniques.

As through technological and social advancement cities and technologies can always
become smarter, static approaches inevitably lead to difficulties with identifying an end-point
where the city achieves a ‘smart’ state. The shift in focus towards a process perspective
allows for linking the smart city agenda to existing knowledge and literature around concepts
of systems thinking, socio-technical and sustainability transitions, public and private sector
innovation and organisational and social learning. The aim is to establish an understanding
of how we can build better links between the technology-focused, deterministic and generally
positive discourse on the one hand, and the critical, society-focused and sceptical voices on
the other in order to advance smart city research and practice — which may promote

technology adoption in some cases or contexts but also oppose it in others.

Based on a critical reading of the literature on smart cities informed by a socio-technical

perspective, the paper argues that

(P1) Cities are complex, socio-technical systems-of-systems. Smart city development as a
process therefore needs to be understood as a result of various socio-technical transitions

within and between city systems, involving both radical shifts and incremental improvements.

(P2) Developing a proactive approach to smart city development with the aim of containing
(or mitigating) the risks associated with deploying new technologies requires investigation
into the underlying contextual (e.g. social, cultural, political, economic and environmental)

factors that affect the nature and rate of the diffusion of smart innovation in different cities.

(P3) Prioritised agendas will need to be developed to support a wide range of smart

development trajectories in different cities aspiring to pioneer smart city transitions.
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(P4) In order to facilitate smart city development, the introduction of digital solutions into any
urban setting must contribute to adapting governance structures and processes to the

requirements and opportunities of the contemporary era.

(P5) The outcome-oriented reorganisation of public services represents a window of
opportunity to exploit the potential of digital technologies and counteract certain negative
effects of organisational and institutional fragmentation via integration and improving

interoperability, and thereby facilitate smart city development.

(P6) Decision-making about the smart development of cities needs to involve various forms
of trust-building between the public and the private sector and citizens. This will support
organisational and institutional changes in local authorities internally, as well as relative to
other levels of government, the market sector and citizens in order to deliver aspired city-

level outcomes.

These arguments are used to underpin the necessity of developing a relational approach to
the process and impact of digitalisation in the urban context in order to direct digitalisation

towards the development of smarter cities.

The paper is structured as follows. Section 2 presents a review of the literature on innovation
and transitions with a focus on technology and its impact on the social world. Section 3
repeats this exercise taking governance (urban, and also beyond) as a starting point and
discussing its impact on the adoption and implementation of innovative technologies. Section
4 considers the nexus of the two approaches and outlines the benefits of a relational
perspective to investigate and facilitate debates about the opportunities, risks and limitations
of digital solutions in boundary spanning and boundary management. We conclude that
smart city development cannot and should not be misinterpreted as a merely technical-
managerial issue. Instead, further research, experimentation and debate are necessary to
grasp the potential of the newly developing digital dimension of cities to reorganise

relationships and interactions among entities and objects both in the social world and the
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built (and natural) environment. This will contribute to a better understanding of how

digitalisation might contribute to the development of smarter cities.

2. Technology in smart city development

The smart city agenda has initially been shaped through a mainly technology-focused
discourse dominated by the supply side (technology providers) and the market logic.
Decades later, the ‘smart city’ as a normative goal is still often described in terms of a
contemporary urban utopia promising to fix’ the city through the use of data and digital
technologies supporting city planning, management and the delivery of services (Townsend,

2013; Goodspeed, 2014; Anthopoulos, 2017).

Academic research interest developed alongside early experimentation and implementation
of smart city pilot initiatives seeking to make sense of the emerging phenomena. Several
attempts have been made to define, characterise and rank smart cities and smart
interventions and to anticipate and evaluate their impact in various urban settings (see for

example Nam and Pardo, 2011; Lombardi et al., 2012; Cocchia, 2014; Neirotti et al., 2014)

Although partially overlapping, the different perspectives are distinct in terms of their focus
and interpretation of smartness (cf. Cavada et al., 2017). Consequently, establishing an
inclusive and comprehensive smart city definition and framework(s) for implementation
appears to be difficult, if not impossible. We therefore argue that putting more emphasis on
smart city development as a dynamic change process offers a productive approach to
advance the smart city agenda both in research and practice. This process perspective
highlights that cities are in fact continuously becoming smarter through innovation including
technological as well as social advancement, and that identifying an end-point when they
can be considered ‘smart’ (i.e. when the process ends) is inherently problematic. Introducing

a socio-technical systems perspective we propose that
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(P1) Cities are complex, socio-technical systems-of-systems. Smart city development as a
process therefore needs to be understood as a result of various socio-technical transitions

within and between city systems, involving both radical shifts and incremental improvements.

Studies into historical socio-technical transitions focus on the role of technological innovation
in bringing about social, institutional and economic change — for example the shift from
sailing ships to steam ships (Geels, 2002) or from horse-drawn carriages to automobiles
(Geels, 2005). ‘Transitions’ here refer to systemic change unfolding over a comparatively
short period of time between two periods of relative stagnation. They occur when shifts in the
different domains strengthen one another, resulting in self-reinforcing loops and ultimately

reconfiguring entire socio-technical systems (Rotmans et al., 2001).

Geels and Schot (2007) provide an overview of the different types of change processes
which may be components of systemic transitions, signalling that different innovative
technologies possess varying potential to alter the direction of societal development. Certain
technologies may be unable to break through and as a result are abandoned as failed
attempts to innovate (Geels and Kemp, 2007) due to the existence of a social selection
environment termed as the ‘socio-technical regime’. Regimes in this literature are
understood as sets of rules representing the ‘cognitive and normative framework and a set of
(functional) relationships between technology components and actors’ (Hoogma et al., 2002,
p. 19) — for example these may include formal (e.g. written laws) and informal (e.g. culture

and traditions) rules and norms influencing user behaviour and values.

Socio-technical transitions are likely to involve stepwise processes of reconfiguration rather
than abrupt shifts from one regime to another. They however lead to substantial changes in
the functioning of societies and therefore are possible to recognize from a historical
perspective (Geels and Schot, 2007; Geels, 2002). Due to the complexity of interactions
between the emerging new technologies and the socio-technical regimes, real-world
transitions emerge from a mix of radical shifts that challenge and reconfigure established

ways-of-doing, as well as incremental improvements making existing practices more
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competitive (for a more detailed discussion on incremental and radical change see for
example Rotmans et al., 2001; Garcia and Calantone, 2002; Genus and Coles, 2008). The
new regime is then assembled from a combination of these radical and incremental

changes.

The impact of technology, in particular infrastructures, has also become a central question in
contemporary urban studies debates in opposition to the engineering perspective. Scholars
have started challenging the dominant conceptualization of urban infrastructure as being
exclusively technical (see for example Star, 1999; Amin, 2014; Lancione and McFarlane,
2016; Knox, 2017). Instead, they point to the importance of considering the ways in which it
is embedded in human actions and relationships, and to the necessity of employing a multi-
disciplinary approach spanning the physical and social sciences when it comes to examining

the impact of technologies on society and vice versa.

Based on studies from a variety of contexts from across the Global North (Swyngedouw,
2009; Young and Keil, 2010) and South (Anand, 2017; Monstadt and Schramm, 2017), it
has been proposed that considering infrastructure as a socio-technical construct is crucial to
understanding contemporary urban societal life. One notable example is the case of
increasing concern over unequal access: the term ‘splintering urbanism’ (Graham and
Marvin, 2001) has been introduced to describe the exclusionary and fragmentary effects of
privatizing infrastructure provision. Driven by market rationalities, urban splintering is both
spatial and social, dividing cities into well-connected and under-connected zones, with

societal consequences for poverty and inequality.

So, while historically infrastructure was viewed as neutral or technocratic, Graham and
Marvin's approach reveals how it may become a tool of social power that can extend and
perpetuate inequality, connected to broader processes of exclusion and marginalization and
ultimately to citizens’ rights. Similar issues have also been identified by Watson (2014) in the

case of proposed ‘smatrt city’ projects in Africa, and by Datta (2015) in India, which prioritize
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international investment exploiting political ambitions of the local elite, at the expense of

marginalized communities.

The lesson to be learnt for smart city research and implementation is that the development
of smarter cities is by no means a merely technological question and by extension, smart
technologies do not provide us with a blank page or a clear new start. The prospect of ‘smart
city’ technologies emerging as radical innovation in the context of cities as systems-of-
systems interconnected in complex ways (Rogers, 2018), and eliminating all existing urban
problems at once, is rather unlikely. Instead, a continuous process of technological and
social innovation appears to be necessary to progressively respond to the challenges and
unintended consequences arising along the way. Specifically, in the case of developing
smarter cities this involves a more proactive stance from government and citizens to
counterbalance the traditional technology-focused, supply-side-led perspective on smart

cities.

The socio-technical perspective thus points to the need for building a better understanding of
whether specific smart city technologies can or should be employed in particular cities. This
involves assessing the structure and stability of the locally relevant socio-technical selection
environment (regime) and evaluating its impact on the adoption of the technology in
guestion. Thereafter, the implications of the expected change resulting from the deployment
of this technological solution must be considered in light of the views, needs and aspirations
of citizens as individuals and as members of communities and urban societies (see also

Rogers et al., 2014). This observation leads to our second proposition:

(P2) Developing a proactive approach to smart city development with the aim of containing
(or mitigating) the risks associated with deploying new technologies requires investigation
into the underlying contextual (e.g. social, cultural, political, economic and environmental)

factors that affect the nature and rate of the diffusion of smart innovation in different cities.
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It has been notoriously difficult to estimate the practical impact of deploying smart city
solutions in real-world urban settings. As an early critic of the technology-driven smart city
agenda, Hollands (2008) argued that the assumption that hardware connectivity made
possible by the emerging digital technologies would naturally transform citizens, businesses
and governments into a connected whole — and therefore emerge as a radical innovation in
the context of urban life — has been mistaken. Furthermore, while most smatrt city initiatives
explicitly aim at delivering sustainable urban development, commentators from various
countries have questioned their practical contribution to environmental sustainability
(Haarstad, 2017; Yigitcanlar and Kamruzzaman, 2018). Negative environmental externalities
have also been identified in the case of smart cities built from scratch, such as Songdo in

South Korea (Shwayri, 2013).

With regard to impact on citizens and urban societies, the more critical view originating from
the social sciences is becoming increasingly acknowledged by a wider set of actors in smart
city research and practice. This asserts that purely technology-focused solutions are, in most
instances, incapable of solving deep-rooted structural problems in cities as they do not
address the root causes which produce and re-produce them (Kitchin, 2014; Hollands, 2015;
Martin, Evans and Karvonen, 2018). As an alternative to the technology-led smart city
visions, many scholars identified the potential to empower people (citizens) to make
informed decisions in both private and public domains as the core value of smart city
development (Hemment and Townsend, 2013; Capdevila and Zarlenga, 2015;
Monfaredzadeh and Krueger, 2015). The smartness of people started to replace smart
technology as the key enabler of smarter cities even in the mainstream discourse (ARUP

and FCC, 2017) — at least in terms of rhetoric.

However, the impact of this conceptual shift is still unclear, as the recent global review of
smart city demonstrators conducted by the UK Future Cities Catapult reveals (FCC, 2018).
Investigating over 150 large-scale smart city interventions, the findings indicate that ‘despite

the continuous rhetoric around the smart city agenda seeking to solve city challenges, many

10
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demonstrators have ended up as technology demonstrations. A need has been identified for
societal challenge-based demonstrators that place city issues front and centre’ (FCC, 2018,
p.7). Although the studied smart city demonstrators cover a wide range of policy domains,
very few present technology as part of a comprehensive solution package that would
explicitly aim to address a specific urban challenge: for example those aimed at improving
existing services to end-users (e.g. city services, smart healthcare and last mile supply
chain) tend to include a stronger linkage between the technology and the manifested
practical outcomes. By contrast, those named after technologies (e.g. CAV and 5G) focus

primarily on demonstrating technical functionality.

The review highlights another aspect of the challenge related to considering societal impact
when designing and implementing smart city interventions: the gap between technology
deployment and considering demand, i.e. the specific urban challenge(s) to which the
innovation responds. Conceptualising demand and developing a problem framing of the
challenge(s) to be addressed where technological solutions may be applicable is however an
extremely problematic undertaking. Smart city initiatives often promote a simplistic view of
participatory decision-making without a sufficient consideration for the impact of politics,
power relationships and struggles and conflicts of interest in contemporary societies. In
contrast, several studies have demonstrated that participatory processes are inherently
prone to elite capture often reproducing the very issue they aim to solve (Ghertner, 2011,

Lemanski, 2017).

Therefore, there appears to be a gap in knowledge around the nature, form and extent of
mediation processes between the interests and demands of different groups, entities and
individuals which is necessary to ensure that smart city interventions deliver on the aspired
city-level outcomes. Recent and currently ongoing research and consultation activities (see
for example Rogers et al., 2014, Leach et al., 2018; Robinson, 2018; TOAF, 2019) have
recognised this gap and have been generating valuable guidelines and insights. However,

there is still much to learn about how local contextual conditions related to culture, politics,

11
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economics and the environment influence — or should influence — the nature and rate of
diffusion of different specific digital solutions and the makeup of smart city transitions in
terms of radical shifts and incremental improvements. A mediation process between various
interests and society as a whole provides a useful framing for a more proactive approach
from city authorities and citizens. Including diverse perspectives in the discussion can
contribute to anticipating the implications and containing the risks of deploying new
technologies, particularly when such deployment is regarded as radical or disruptive in the
context of existing urban challenges. Identifying strategic overlaps between supply and
demand this way can potentially uncover specific windows of opportunities where impact can
be delivered to build trust in, and competence for, the use of data and digital technologies for
city planning and management not only for, but also together with, citizens. This is
especially important in the current political discourse dominated by austerity which tends to
favour investment and interventions where evaluation can be completed, and clear benefits
can be shown within rapid timescales. Thus, asking the right question(s) where both impact
(i.e. addressing a pressing city challenge), and benefits (i.e. addressing this challenge
appropriately) can clearly be demonstrated is vital to advancing the development of smarter

cities.

Furthermore, the variance in terms of challenges to be solved in different cities signal the

importance of recognizing that

(P3) Prioritised agendas will need to be developed to support a wide range of smart

development trajectories in different cities aspiring to pioneer smatrt city transitions.

Some form of a prioritisation scheme appears as an appropriate choice to make the best of
limited political and financial resources to tackle major urban challenges, whilst also enabling
agenda refinement along the implementation in a learning-by-doing manner. As all cities
differ in their history, economic and political makeup, these prioritisation schemes cannot be
developed out of context. Inquiry into the options for prioritisation could help to develop

roadmaps for smart city transitions, provide opportunities to redefine the smart city narrative

12
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locally by including the voice of citizens, and potentially strike a balance between short- and
long-term investment. We argue that the approaches based on forecasting (Leach et al.,
2018) and developing pathways towards systemic changes via backcasting (Phdungsilp,
2011; Bibri, 2018) could be supported and strengthened by a more process-oriented
perspective on smart city development which generates insights on how prioritisation may be

affected by the local urban context.

Given the multiplicity of city functions, it is reasonable to expect that digitalisation is unlikely
to take place simultaneously across the entire spectrum, as not all urban problems lend
themselves automatically to data-driven solutions (Hollands, 2015; Rabari and Storper,
2015). Smart city development may have a more direct and immediate impact on some
policy domains, whereas for others such impact may be indirect, take a long time to
materialise, or may even be marginal (Berkhout and Hertin, 2001; Taruté and Gatautis,

2014).

It may be tempting to prioritise smart city initiatives on a sectoral basis. Neirotti et al. (2014)
reviewed the thematic focus of more than 70 existing smart city initiatives from across the
world. Initiatives have been categorised into five thematic groups: natural resources and
energy, transport and mobility, buildings, living, government, and economy and people. The
fact that the majority of these categories correspond to sectoral silos indicates that most
smart city initiatives are not cross-cutting. This, from the socio-technical perspective,
provides at least partial explanation for the issue often referred to as ‘pilot sickness’,
describing the difficulties involved in upscaling pilots to city-wide systemic change (ARUP
and FCC, 2017). In established sectoral silos, smart city interventions may be subject to
stronger processes of selection or adoption from the sectoral socio-technical regimes.
Consequently their potential to challenge the existing system — and to maximise benefits —

may remain limited.

Recent publications from the British Standards Institute (BSI) on smart cities attempted to

address the issue of silo-isation. PAS 181: The Smart City Framework (BSI, 2014) published

13
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by the BSI provides guidance on developing strategies for smart city and community
development. It calls for a new operating model for cities through innovative use of
technology and data — coupled with organisational changes. The framework recognises that
because the traditional ways of city operations feature scarcely connected vertical silos,
individual citizens and businesses have had to engage separately with each silo as data has
typically been locked within these — including energy, waste, water, telecommunications,
policing and emergency response, education and training, transport, health, social services,
housing, environmental services and finance and economy. In order to transcend such
vertical silos, data and technology must be reoriented to address user needs, and data must
be managed as an asset in its own right to foster both public and private-led innovation.
While PAS 181 sets out the task of integration and improving interoperability across
infrastructures (e.g. energy, transport or water), services (e.g. healthcare, social care,
education) and city functions (e.g. employment, culture, leisure), practical guidelines for
implementation to support the shift from the conventional to a smarter model are lacking.
Exposing cross-silo dependencies and interdependencies through infrastructure and urban
systems mapping may provide a starting point to address this issue (Leach et al., 2018;
Rogers, 2018), but further work is necessary to explore how silo-isation might be addressed

in the context of digitalisation for smarter cities.

Misalignment between demand in different urban contexts and uniformised technology
offerings is another potential obstacle to upscaling pilot initiatives. As Batty (2017) also
points out, the areas of existing smart city initiatives tend to be based on where sensors,
networks and computers can be deployed and sold, rather than being based on any distinct
theory of how smart cities, enhanced by data and digital technologies, could and should
function in different places around the world. Although more and more are engaging with the
smart agenda, often no local strategy is in place to coordinate initiatives of varying spatial-
temporal scale and manage the associated multi-sectoral and multi-disciplinary

collaborations and joint ventures. Even in cities at the forefront of smart development,

14
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organisational structures and processes — which could ensure that a wide range of opinions,

interests and needs are considered — tend to lag behind.

London is a good example to illustrate the impact of organisational structures and processes
on the smart agenda. Back in 2013, the first version of the Smart London Plan stressed the
market opportunities offered by the digital revolution, stating that any delay in getting ‘on
board’ would result in negative consequences: ‘Rapid growth of mobile internet applications,
the internet-of-things, cloud computing and insights from big data, offer new business
opportunities and can enhance quality of life. (...) Missing these opportunities could leave us
in second place for years to come’ (GLA, 2013). Driven by change on the political level,
putting some initial organisational structures and processes in place in the subsequent years
(and opening up the debate to a wider range of stakeholders and citizens) have contributed
to a shift in emphasis. The new Roadmap published in 2018 aims to ‘put people first’ and
highlights the need for respecting diversity with regard to technology adoption — and for
giving more voice to citizens through establishing city-wide collaborations and networks

around specific smart city goals (GLA, 2018).

The currently dominant over-emphasis on technology leads to limited impact and ‘pilot-itis’ in
the context of smart city development. In practice, the mainstream adoption of digital
technologies to ease city life, and the upscaling of pilots, involves a multiplicity of local
decisions subject to various political, social, economic and technical constraints, in contrast
to the dominant universal and deterministic narrative around smart cities often promoted by
multinational corporations for profit-making purposes. Solving urban challenges is a messy,
non-linear and political process with winners and losers. As such it arguably needs to involve
a city-wide discourse around the social, economic and environmental benefits and costs of
various solution packages with diverse technological elements, used at different temporal-
spatial scales, instead of relying on the game-changing potential of technology alone.
Interdependence between the physical-material and social systems, digital solutions and the

local potential for change (not only via the adoption of innovative technologies, but also the

15



=
QOWO~NOUAWNE

DO UIUIUTTUUIUIVCIUURNDADNRNRNDNARNDNWWWWWOWWWWWWNNNNNNNNNNRPRPRRRRRPRR
OARANPRPOOOVNONROMNROOOVYOUNRWNROOONONRONROOONNOUNRWNROOO~NOUONWNER

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

possibilities to change social rules — legislation or policies — norms and practices) must also

be investigated and articulated.

3. Governance in smart city development

In the previous section we investigated smart city transitions from a socio-technical
perspective, departing from technology adoption as a starting point. This takes on board the
frequent criticism of the socio-technical perspective that it features an inherent bias towards
the technology component of change processes while potentially downplaying the
complexity of interactions between societal change and technology advancement. Societal
change, as well as technological advancement, may emerge both in its own right as well as
a result of influence and interactions between the two. To remedy this shortcoming, in the
following section we start our discussion from a societal perspective and use the concept of
‘governance’ (Rhodes, 1996; Meuleman, 2008; Torfing and Sgrensen, 2014) to analyse
society’s role in influencing technology innovation and adoption for smart city development.
Governance allows for a broad understanding of social coordination processes,
encompassing all decisions made by all affected and/or interested actors — in this case city
planning, management, operation and use. It also stresses that real-world outcomes result
from the sum of diverse coordination structures and mechanisms which includes local and
higher-level authorities, service providers and the interactions between them, as well as

users and their everyday choices — conditioned by both formal rules and informal norms.

We argue that there is a benefit to considering smart city transitions within a broader context
of urban governance and its trajectory over time. After all, smart city development does not
take place in a vacuum. Instead, the digital revolution offers a collection of new tools and
processes which carry the potential to improve the functioning and governance of cities to
deliver outcomes that meet citizens’ needs in the contemporary era (cf. Rogers, 2018). It

follows:
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(P4) In order to facilitate smart city development, the introduction of digital solutions into any
urban setting must contribute to adapting governance structures and processes to the

requirements and opportunities of the contemporary era.

The development of smarter cities entails the development of smarter urban governance,
potentially requiring both organisational and institutional change. Although it may be
tempting to consider this as a unique issue and without precedent, the public sector has
continuously been introducing reforms aimed at making governance more efficient and
effective and responding to challenges more adequately. These reforms have often started

from classical Western democracies but later on spread to a wide variety of countries.

Meijer and Bolivar see smart transitions in governance as ‘crafting new forms of human
collaboration through the use of information and communication technologies’ (2016, p.
392). The emphasis on collaboration is in line with contemporary public administration
debates around the emergence of a new type of social coordination termed ‘network
governance’ based on collaboration, participation, and interaction and negotiations among
interested and/or affected societal actors within and beyond the public sector (see for
example Torfing, 2005; Torfing and Sgrensen, 2014; Klijn and Koppenjan, 2015). The
attention to various networked arrangements is often attributed to two major problems in
contemporary governance: organisational and institutional fragmentation and the blurring of
boundaries between the public and private sectors. These result in shifting power
relationships and the dispersion of power among various entities across the governance
landscape and make traditional hierarchical (command-and-control) and market style
coordination (free competition) mechanisms ineffective and impractical in certain policy
domains. Governance based on networks in contrast is praised for its perceived superiority
in responding to wicked problems through knowledge and resource pooling to deal with
complexity, non-linearity and multiple causes and solution options (Rittel and Webber, 1973;

Klijn and Koppenjan, 2015).

17



=
QOWO~NOUAWNE

DO UIUIUTTUUIUIVCIUURNDADNRNRNDNARNDNWWWWWOWWWWWWNNNNNNNNNNRPRPRRRRRPRR
OARANPRPOOOVNONROMNROOOVYOUNRWNROOONONRONROOONNOUNRWNROOO~NOUONWNER

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

‘Smartening’ governance aims explicitly at exploiting the potential of digital technologies, and
their ability to restructure relationships between different (city) system components, including
both social (entities, organisations or individuals) and technological (infrastructures and built
environment) (Bolivar and Meijer, 2016). The digital dimension of a city, emerging from data-
driven solutions such as infrastructural information, locational and sensing, ubiquitous
computing and augmented reality and convergence technologies (Yigitcanlar, 2016), is seen
as an opportunity to forge new links and connections for interaction among social and
technological system components, and thereby contribute to formulating better solutions to
pressing contemporary urban challenges. However, it remains unclear how to deal with
potential unintended consequences arising from the reorganisation processes. Furthermore,
it is questionable whether urban governance problems can be reduced to silo-edness and
the lack of connections across the currently fragmented organisational and institutional

landscape.

A historical overview highlights that wicked problems are not new phenomena (Rittel and
Webber, 1973). For example, in the wake of economic crises in the 1970s, a dominant
discourse appeared which encouraged a move away from the welfare state towards a
neoliberal ‘minimal state’ (Rhodes, 1996). The welfare state has become seen as
overloaded, unaffordable and consequently, ineffective in solving pressing societal problems
of the era. In response the public sector was to be made more effective, efficient and
responsive to citizens’ needs through the introduction of market-style mechanisms and
techniques (Skelcher, 2000; Pollitt and Bouckaert, 2004, 2011). The reforms were
characterised by disaggregation (e.g. the internal restructuration of organisations into
compact, specialised units, and agencification); competition (e.g. contracting-out public
services to private companies, and internal quasi-markets within government); and
incentivisation (e.g. performance-oriented evaluation through output measurement and KPlIs,

and performance-related salaries for public officers) (Pollitt and Bouckaert, 2004, 2011).
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With regard to infrastructures and services that underpin the functioning of cities (and are
subject to digitalisation in smart city development), the recent neoliberal reorganisation of the
public sector to focus on core functions involved market liberalisation in previously state-
operated sectors such as energy or public transport, and the privatisation of various state-

owned assets, for example power plants or highways (Graham and Marvin, 2001).

These reforms were, at the time, seen in a similarly positive light in terms of delivering better
societal outcomes compared to the existing systems and processes as the development of
smatrter cities and smarter urban governance is today. However, the impact of market-style
reforms in terms of producing other wicked problems is nowadays becoming increasingly
acknowledged (Osborne, 2010; Pollitt and Bouckaert, 2011). These predominantly relate to
a relatively high degree of organisational and institutional fragmentation within and beyond
the public sector, as well as the blurring of boundaries between the public and private
sectors. Specific problems arise with regard to decreased potential for coordination,
allocating accountability as well as regarding the legitimacy and democratic quality of
decisions and decision-making (Skelcher, 2000; Bekkers and Edwards, 2007; Kersbergen

and Waarden, 2009).

The paradigm informed by ideals of participation, networks, partnerships, transparency and
trust (Pollitt and Bouckaert, 2011, p. 11) inspired a new wave of reforms starting from the
1990s. These reforms aim to deal with the inherent complexity of decision-making processes
in an era when ‘no one is in charge’ (i.e. no one societal actor possesses the powers and
resources to achieve their goals or deliver their tasks without needing to interact with others;
Bogason and Musso, 2006). Alongside the dominant trends of globalisation and
urbanisation, the introduction of digital technologies to facilitate smart city development
needs to be understood in the context of the emergence of the ‘network society’ (Castells,

2010).

In governance, this is connected to ideas around networks, collaboration, participation, and

interaction and negotiations among interested and/or affected societal actors, within and
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beyond the public sector. Enquiry into future smarter urban governance structures and
processes must therefore extend to the opportunities offered by digital technologies to ease
organisational and institutional change where this is deemed important and beneficial, for
example to counteract the negative effects of fragmentation. Focusing solely on the
necessary social-organisational changes to make use of available or emerging technologies
is rather unlikely to bring about the development of smarter cities. This observation puts our

fifth proposition into perspective:

(P5) The outcome-oriented reorganisation of public services represents a window of
opportunity to exploit the potential of digital technologies and counteract certain negative
effects of organisational and institutional fragmentation via integration and improving

interoperability, and thereby facilitate smart city development.

The focus here is on public services as the outputs of urban governance. Three tasks have
been set out to be addressed via smart transitions in urban governance. First, to identify and
mitigate the negative consequences of previous market-style reforms (in countries where
these have been implemented). Second, to address locally relevant challenges arising from
dominant trends of globalisation, urbanisation and the network society. Third, to find new
coordination processes which fit the changing societal perceptions about the role of public
and private actors and citizens in public policy making, implementation and service delivery
(Klijn and Koppenjan, 2012; Paskaleva et al., 2017). It has been argued that rendering policy
issues governable (i.e. possible to govern) in this context, requires a shift towards more
reflexive forms of governance where decision-making is facilitated by interactions and
negotiations among relevant actors. This entails the reorientation of the role of state (public
sector bodies) towards steering and managing decision-making processes emerging from
networks of collaboration. The usefulness of digital technologies therefore may be evaluated
according to their potential to aid this change by complementing (or replacing) parallel
organisational change processes aimed at reducing fragmentation via integration and

improving interoperability in public service delivery (Dunleavy et al., 2006; Margetts and
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Dunleavy, 2013). While the discussion above presents the argument mainly from the
Western perspective, the issue of fragmentation should not be considered as specific to
cities of the Global North. Possibilities for improving service provision through integration
and interoperability may also be relevant to the Global South, specifically in relation to the
developing hybrid or heterogenous infrastructure configurations and paradigms (see for

example Jaglin, 2015; Anand, 2017; Monstadt and Schramm, 2017).

We refer to ‘integration’ as an organisational restructuration. Interoperability is understood
the ability of organisations, units or individuals to work together and signifies a processual

(institutional) change of developing roles, rules and practices which act as guidelines for

as

collaborative working (Maheshwari and Janssen, 2014). Integration is not always desirable

or possible in practice and may ultimately lead to monopoly situations. Counteracting silo-

edness though improving interoperability represents another option to improve coordination

by making (organisational or institutional) boundaries sufficiently permeable. An example of

this is the joining-up of various processes of service delivery locked into sectoral silos with a

focus on outcomes. Improving interoperability requires some form of ‘boundary

management’ (Carlile, 2002, 2004; Kimble et al., 2010).

There are various strands of existing literature concerned with different options for
performing boundary spanning and management, for example collaborative or networked
governance, data sharing or intermediaries. Intermediaries may be specific organisations
tasked with boundary management (Barrie et al., 2017; Kivimaa et al., 2019), as well as
‘objects’ (Star, 2010; Williamson, 2015). It is at this point where the potential offered by
digital technologies becomes clear: various digital solutions, combining digital data

collection, management, analysis and automated decision-making started to appear as

intermediaries in interaction processes among social and technological system elements in

various contexts. Objects that perform intermediary functions appear in existing literature as

‘boundary objects’ (Star and Griesemer, 1989; Fong et al., 2007; Star, 2010; Taylor et al.,

2014).
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The knowledge base on how boundary spanning and management performed by digital
technologies can support the delivery of city-level outcomes is still underdeveloped and
coordination is lacking. The deployment of digital solutions follows a mostly emergent
pattern. New interfaces between previously separate structures or processes emerge
organically in the near complete absence of any form of coordination or oversight.
Consequently, no one can be made responsible and accountable for the outcomes that they
produce. Innovation arising in an undirected way via boundary spanning may contribute to
the appearance and quick spread of controversial developments, as is well-illustrated in
cases such as Uber and Airbnb where legislation and regulation have been playing catch-up
with real-world progress with considerable delay (Edelman and Geradin, 2015; Stone, 2017).
Thus, innovation on the fringes, enabled by boundary spanning, represents both an
opportunity in terms of its potential ‘radicalness’ as well as a risk, for example in relation to
contributing to widening inequality in cities. This point leads back to the responsibility of
(local, but also regional and national) governments, and the need for developing structures
and processes which can better deal with cross-cutting problems, in order to facilitate cross-

cutting innovation which serves the city and its citizens.

Viitanen and Kingston (2014, p. 804) argue that ‘[tjechnology can be a powerful tool for
analyzing risks or engaging the public in debates ..., but ... ‘smart’ technologies offer no
guarantee about the quality of decisions made in cities.” Thus, the ‘input’ of urban
governance, i.e. the ways in which decisions affecting citizens are made, must also become
integral part of any investigation seeking to understand the impact of digital technologies in

cities.

(P6) Decision-making about the smart development of cities needs to involve various forms
of trust-building between the public and the private sector and citizens. This will support
organisational and institutional changes in local authorities internally, as well as relative to
other levels of government, the market sector and citizens in order to deliver aspired city-

level outcomes.
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Despite the waves of reforms and the introduction of market-style mechanisms and
techniques, the ways in which innovative ideas and solutions develop and get implemented
in the public sector (including ones concerning its relationship to citizens) is rather different
from private sector innovation taking place in the context of the competitive market economy.
Organisational innovation has been defined by Choi and Chandler (2015, p. 139) as ‘a
process through which organizations identify new opportunities to improve their performance
by utilizing existing knowledge, seek new knowledge, make revisions, and implement
necessary changes’. Thus, organisational innovation involves processes of organisational
learning (Dodgson, 1993; Lam, 2000). Potts (2009) investigates how such processes of
organisational learning appear in the public sector — and differ compared to the private
sector. He argues for the centrality of the concept of efficiency defined in a narrow sense in
government by pointing out that ‘although considerations of economic efficiency do not ...
entirely determine the nature and shape of all public policy and government actions’,
principles of good governance and effective policy condemn practices that ‘go strongly

against considerations of economic efficiency’ (Potts, 2009, p. 35).

The quest for more efficiency in public services and decision-making — characteristic of the
market-style reforms introduced in the second half of the 20th century — resulted in a
tendency to aim at eliminating ‘waste’ of all kinds from the operation of the public sector —
Potts (2009) argues. This, on one hand, is a positive development as it reduces the risk of
corruption, exploitation of power and the duplication of efforts (‘bad waste’). However, it also
reduces the potential for innovation by treating ‘good waste’, i.e. the cost of innovation, the
same way as bad waste. This is problematic as processes of experimentation are inherent to
innovation, but they also produce substantial waste in the form of failed attempts (Ormerod,
2005; Potts, 2009). In the case of public resources, this is particularly difficult to justify,
leading to risk aversion because ‘efficiency is an easy political sell’ (Potts, 2009, p. 40) while
innovation, due to its nature, is hard. What follows from this is the importance of (social and

political) trust between the government and the governed when it comes to building an
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acceptance for good waste as the cost of innovation (Newton et al., 1999; Tolbert and
Mossberger, 2006). Trust between the ‘governing’ and the ‘governed’ has been defined as
the result of the evaluation of whether the normative expectations of the governed (citizens)
are perceived as met by the governing (authorities and institutions; Tolbert and Mossberger,

2006).

Trust-building mechanisms may also contribute to enhancing accountability, legitimacy and
demaocratic quality in public policy making, implementation and service delivery. For
example, specific options available to build trust may involve the (at least partial) transfer of
costs, responsibilities and accountability to others (experts, professionals or the citizens
themselves) through engagement in joint ventures, partnerships and participative decision-
making. The conclusions of the Future Cities Catapult report (FCC, 2018) discussed earlier
underpin this argument. It highlights learning areas where city authorities must target better
performance, including engagement and access, finance and governance, delivery
capabilities and skills, success measurement and scaling (FCC, 2018, p.11).
Recommendations for achieving these include user engagement, stakeholder involvement
(sharing responsibilities and accountability), identifying and ensuring additional and future
funding (partial transfer of costs), alongside efficiency and transparency considerations.
Therefore, trust-building mechanisms also seek to reduce fragmentation (and promote
resource pooling) among the public and the private spheres as well as the civil society. In
other words, the options to increase trust between the societal actors with stake or interest in
the issues being decided about involve the creation of appropriate flows of information (and

influence) across the governance landscape to support smart city development.

In summary, the development of smarter cities — which in its current stage is likely to involve
some form of digitalisation to support the planning, management, operation of cities and
urban life — requires and facilitates organisational and institutional changes within the local
authority, as well as its relationship to other levels of government, the market sector and civil

society. We emphasise the central role of local authorities in coordinating and overseeing
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smart city transitions as they are the main societal actors in the urban context with a unique
mandate to safeguard the common good. This includes ensuring that the development
trajectory of the city improves, creates and maintains opportunities for all citizens in terms of
city-level outcomes. However, the influence and links between city-level (third-order), public-
private (second-order) and within local authority (first order) changes have so far seldom
been considered in the smart city literature and agenda (Kuipers et al., 2014; for an
exception see Meijer et al., 2016). There is a need therefore to better understand how
changes within and between these spaces of interaction unfold, impacted by and impact

upon the adoption and exploitation of initiatives aimed at smart development.

4. Bringing together technology and governance

In the previous sections we provided an extended discussion on smart city development
from a socio-technical perspective, highlighting the benefits of considering it as a dynamic
change process instead of a static normative goal or end-state. The review maintained a
dual focus considering both technological and societal change as starting points for analysis.
We contend that technological advancement offers various opportunities to innovate in the
context of city planning, management, operation and use. However, the adoption and
exploitation of technological solutions must be directed towards improving on the current
functioning of city systems (inducing their physical-material aspects but also their
governance) and combatting contemporary urban challenges faced by many cities around
the world. These include — but are not limited to — climate change mitigation and adaptation,
urban sprawl, spatial inequality, changing demographics, poor air quality or congestion.
Based on the review of the existing literature six propositions were developed with the

intention of framing future research agendas:
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(P1) Cities are complex, socio-technical systems-of-systems. Smart city development as a
process therefore needs to be understood as a result of various socio-technical transitions

within and between city systems, involving both radical shifts and incremental improvements.

(P2) Developing a proactive approach to smart city development with the aim of containing
(or mitigating) the risks associated with deploying new technologies requires investigation
into the underlying contextual (e.g. social, cultural, political, economic and environmental)

factors that affect the nature and rate of the diffusion of smart innovation in different cities.

(P3) Prioritised agendas will need to be developed to support a wide range of smart

development trajectories in different cities aspiring to pioneer smart city transitions.

(P4) In order to facilitate smart city development, the introduction of digital solutions into any
urban setting must contribute to adapting governance structures and processes to the

requirements and opportunities of the contemporary era.

(P5) The outcome-oriented reorganisation of public services represents a window of
opportunity to exploit the potential of digital technologies and counteract certain negative
effects of organisational and institutional fragmentation via integration and improving

interoperability, and thereby facilitate smart city development.

(P6) Decision-making about the smart development of cities needs to involve various forms
of trust-building between the public and the private sector and citizens. This will support
organisational and institutional changes in local authorities internally, as well as relative to
other levels of government, the market sector and citizens in order to deliver aspired city-

level outcomes.

In summary, the review pointed out that — in contrast to the largely deterministic and positive
narrative that currently dominates the discourse — the development of smarter cities and the
technological and social changes this process implies are neither necessarily
straightforward, positive nor in fact, desirable (see P1 and P2). Nevertheless, the emerging

digital dimension of the city, developing gradually from collecting, processing, analysing and
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making data available from various sources, carries the potential to forge links or improve
existing ones within and between currently siloed city functions, among their technological-
physical and social-governance components (see P3). The main contribution of this paper
argues for the potential benefits of analysing smart city development from a relational
perspective, highlighting the importance of considering the city as a socio-technical system
made up of various sub-systems and the complex interactions taking place within and

between these.

Investigating the opportunities that digital solutions offer for boundary spanning, and the
ways in which process can be overseen and scrutinised by individuals as citizens and the
urban society as a whole (local authorities and other stakeholders included), provides a
potentially fertile field for further research. Ideas around boundary management and
boundary objects (Star and Griesemer, 1989; Star, 2010) represent a useful conceptual
framing to understand the role of digital solutions in boundary spanning and innovation on
the fringes of established city systems. They may also provide us with valuable insights on
how to successfully exploit the opportunities that lie in increasing integration, improving
interoperability and establishing more appropriate and efficient information and influence

flows across the technological and social components that make up the city.

Boundary objects represent non-social-organisational intermediaries which support
integration and interoperability by connecting separate systems or entities which have
‘different institutional and professional logics or rationales’ (Taylor et al., 2014, p.34). They
may take various forms, including but not limited to directories (repositories, databases),
materialised representations of systems (e.g. physical or digital models), representations of
boundaries (e.g. maps, designs) and standardised methods (e.g. standards for data

collection or sharing; see also Trompette and Vinck, 2009).

Computerised systems models have been analysed as boundary objects performing
boundary management between communities of research and practice for example in the

domain of energy: using the boundary object concept, Taylor et al. (2014) demonstrate that
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the success and longevity of the MARKAL model in energy systems modelling supporting
energy policy and interventions in the UK lies in its capability to successfully spanning the
boundary and managing interactions between communities of research and practice.
Another field relevant to infrastructure planning and management where digital solutions are
emerging as boundary objects to support cross-boundary interaction is engineering and
design. Here a variety of tools are being deployed to negotiate both the product (e.g. BIM,
3D models, CAD drawings; Neff et al., 2010) as well as associated design and construction

processes (e.g. project charts and project management tools; Whyte and Lobo, 2010).

Further examples that have demonstrated the viability of applying the concept to data-driven
digital solutions in relation to various challenges include IT systems in managing transport in
Sweden (Lindgren et al., 2008), a public health system for pinpointing geographic clusters of
dangerous/acute disease outbreaks in the US (Fedorowicz and Gogan, 2010), an internet
portal of services and resources for teachers, students and parents of students in France
(Hussenot and Missonier, 2010) and digital geospatial data-sharing in the disaster response

and recovery process in the US (Cumbie and Sankar, 2012).

However, the role and impacts of digital technologies interpreted as boundary objects has so
far not been studied in the context of smart city development. It is also important to consider
that not all solutions originally designed to become boundary objects are successful in
making links between separate spheres in practice (Star, 2010). The success of boundary
objects has been linked to providing information which is deemed useful as well as usable
across relevant groups and individual stakeholders, sectors, scales and disciplines (Dilling
and Lemos, 2011) in order to support the transfer, translation and transformation of
knowledge across different systems (Carlile, 2004). The usefulness and usability of
information have also been framed in terms of salience, credibility and legitimacy (Cash et
al., 2003). ‘Salience’ is interpreted as timeliness and response to demand from intended
users which influence the perceived relevance of the information; ‘credibility’ concerns

scientific quality and technical appropriateness; ‘legitimacy’ refers to the quality of the
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process of knowledge production and involves perceptions of fairness, transparency and

dealing sufficiently with biases (Cash et al., 2003).

Through the discussions presented in this paper we identified further requirements for digital
boundary objects in smart city development. Their potential to reorganise (political as well as
economic) power distribution among societal actors from all sectors of societies cannot and
should not be ignored or neglected. The ways in which inputs and outputs are generated
through governance processes that involve digital solutions must be subject to investigation,
debate and scrutiny. Concepts related to collaboration, participation and transparency (input;
see P6) and putting citizens’ needs first (both as individuals and as a society) when
determining city-level outcomes (output; see P5) must become part of the discourse around
the introduction of digital solutions to city planning, management, operation and use in future

smarter cities.

The development of smarter cities does not take place in a vacuum. Therefore, the ways in
which city systems are currently organised will necessarily influence the process and impact
of introducing new intermediaries, or substituting existing ones, via the digital dimension (see
P2). Changes are also likely to be required in the ways the currently existing socio-technical
city systems operate to accommodate the nascent digital dimension, and to be able to
harness the benefits it offers. As the Chief Digital Officer of the UK Ministry of Housing,
Communities and Local Government said, ‘you can’t bolt Al onto legacy systems and
mindsets’ (Nesta City Data Conference: from Analytics to Al, 24 May 2018). An investigation
into the potential of digital boundary objects in supporting truly smart (Cavada et al., 2017)
city development which results in better outcomes for the citizens and urban societies needs
to extend to digital solutions’ requirements and impact on the internal structure and
processes of the local authority, its role and position relative to public sector bodies on other
political-organisational levels as well as to organisations and individuals from the market

sector and civil society.
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5. Conclusions

This paper provides a critical review of the smart cities literature informed by the socio-
technical perspective. We have argued for the benefits of considering the smart
development of cities (and regions) as a dynamic change process in contrast with the
currently dominant smart city narrative based on an interpretation of the smart city as a
static, normative goal. The process perspective highlights the role of society and governance
alongside technology innovation and adoption. It also implies the need for a supply
(technology push) — demand (societal needs/pull) realignment to shed light on windows of
opportunities in the context of the ongoing digital revolution where impact can be delivered to
explore and demonstrate the value of data to support the development of smarter cities. This
in turn is crucial to build trust in and competence for the adoption and use of data and digital

technologies for city planning, management, operation and use.

The process of developing smarter cities is far from being ‘emergent’ or ‘natural’. Instead, it
results from conscious choices and decisions made by diverse societal actors in different
urban settings characterised by varying historical, cultural and political environments.
Consequently, politics (in the broadest sense of the word) cannot be ignored: the
development of smarter cities involves questions around access to, and influence over,
decision-making for smarter city futures. We have argued that the development of the digital
dimension of the city is a socio-technical process and therefore must be scrutinised and
debated as such, rather than being considered as a purely technical-managerial question.

This shift in focus is absolutely necessary to be able to link the digital to smart.

Future scientific enquiry must pay attention to the potential of this nascent digital dimension
to reorganise relationships and interactions among entities and objects both in the social
world as well as the built (and natural) environment of cities. Taking a relational perspective
thus can contribute to building a better understanding of the possible smarter city futures and
the associated implications, for example in terms of the re-distribution of political and market

powers.
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We introduced a relational perspective as a useful framing to start investigating these issues,
informed by notions of boundary spanning (which ultimately may also lead to the removal of
boundaries in certain cases) and the coordination and management of this process. The
concept of boundary objects was used to build a better understanding of how novel digital
technologies and data-driven solutions may reorganise existing patterns of relationships and
interactions in cities. An example that much of the discussion presented here focused on the
ongoing restructuration process from sectoral to territorial infrastructures and associated
services, through improving system integration and interoperability and reducing sectoral
silos across e.g. transport, energy or water provision, as well as healthcare, social care and

education.

The relational perspective provides a coherent framework for understanding the role of the
digital, both in terms of individual technical solutions as well as the emerging digital
dimension of the city in facilitating smart city development. This raises questions of who
gains and who loses as a result of the ongoing digitalisation processes in cities. Better city-
level outcomes often promised by technology companies and the digital solutions they
promote must explicitly aim at improving the democratic, economic and environmental

performance of cities to be considered as part of the smart city development process.
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