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Abstract

Cities struggle to enhance their sustainabilitydstering their smartness, i.e. their
ability to use advanced technologies and resouncas intelligent and integrated way
to achieve a socially and environmentally viablerexmic growth. The transition
towards urban ecosystems has been proposed astiaggdrsolution to merge smartness
and sustainability in the smart city discourse. ldeer, little is known about the recipe
for implementing and organizing a sustainable smdoan ecosystem. The bibliometric
analysis and interpretive narrative review presegimehis article found some
contrasting perspectives on the approaches thatdshe embraced to run a viable
smart urban ecosystem, shedding light into the folahattributes of sustainable urban
smartness. The research findings suggest thaidbdity of smart urban ecosystems
relies on the ability of focal actors to implemartechno-bureaucratic governance
model which relies on an integrated policy framewihiat accounts for the tripartite
social, economic, and environmental challengesdfégecities. Citizen-centredness and
greenness are the core values that embed urbatnes®mrSuch values are useless if not
backed by community engagement. Further develomsreduld be targeted to unravel
the role of datification and computerization in ernning the collective intelligence

of smart cities for the purpose of urban sustaiitgbi
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Introduction

Cities are not exempt from the quest for sustalitpl§Botequilha-Leitdo and Diaz-
Varela, 2020). Scholars and practitioners do note@q defining the conceptual and
practical attributes of urban sustainability (Zeemg 2009). Lack of consensus is
primarily related to the multifacetedness of thieaur sustainability concept, which
comprehensively involves the cities’ ability to @are a long-term viability from an
environmental, economic, and social perspectiver{lsiod Christodoulou, 2012). A
city is considered to be sustainable when it is@ife in improving human wellbeing
via durable social development, balancing the egconaycle of growth with the
preservation of the surrounding physical and natmaironment (Huanet al, 2015).

Alongside its basic tripartite (economic, socialda&nvironmental) architecture,
urban sustainability includes a technological sh@iggliarello, 2011). The
achievement of sustainability requires smart tetdgical innovations that enable green
and socially viable urban management practicesafijigtta Jabbour and de Sousa
Jabbour, 2016; Piz=&t al, 2020). Nevertheless, due to the fragmentationlasidof
cohesiveness that characterize the extant scied#fiate, the conceptualization of
urban smartness is as challenging as the defimticustainability (Morat al, 2017).
Urban smartness occurs in.those parcels of land in which intense commuitna
processes take platésalomon, 1996: p. 78). More specifically, smads takes its

roots in two phenomena triggering vivid communigatexchanges among urban



actors: 1) the intensive use of technologies tegrdte and coordinate individual
behaviors to achieve a collective urban actionyBd et al, 2016); and 2) the
recontextualization of urban dynamics and expegstic new realities that go beyond
the physical space and achieve a cyber-physicaslCassandras, 2016). From this
point of view, urban smartness relies on two pslldr) a tangible one, including the
physical infrastructures and channels that intervthe entities who participate in the
functioning of the city; and 2) an intangible onensisting of the tacit and immaterial
factors that underpin the city’s identity and sehijaty (Marsal-Llacuna, 2016).

In light of the above considerations, a smart argdanable city can be conceived of
as an urban entity which is able to integrate awdél social and digital technologies and
to coordinate extant knowledge with the purpostckling the environmental, social,
and economic issues that affect its long-term litgkliHara et al, 2016). Among
others, Gil-Garciat al (2015) identified some essential componentsuhderpin the
smartness of a city. They can be grouped in fogarka three of which are vertical,
whilst the other is horizontal. The first buildibtpck can be retrieved in the physical
environment (Balaban and de Oliveira, 2017): theawities are able to merge the
natural environment with their built-in environmenta perspective of long-term
viability, the smarter they are (Bayulken and Huggi, 2015). Secondly, smart cities
need a sound government structure that should geeqaeople with reliable institutional

arrangements, effective administration, and tinpelglic services (Wirtet al, 2020).



However, a sustainable natural environment andfantere government structure
would be useless, if a vivid and engaged societyissing (de Oliveirat al, 2013).
Urban smartness necessitates sharing the humasoaiadl capital across the
constituents of the city (Maclet al, 2019). Lastly, smart cities require a horizontal
layer consisting of distributed technologies thatate connection between the three
vertical layers to boost urban creativity (Wadffal, 2020).

These arguments lead to understand smart andrslsi&cities as living urban
ecosystems. Generally speaking, an ecosystemasvaronment composed of an
“...evolving set of actors, activities, and artifaetsd the institutions and relations,
including complementary and substitute relatiofighat connect actors, activities, and
artifacts (Granstrand and Holgersson, 2020: pAd)urban ecosystem is composed of
both natural and artificial components, which arietty intertwined in the design and
implementation of initiatives intended to fostee @iichievement of sustainability (Tan
al., 2020). Single actors have distinguishing roles fanctions, but they are integrated
in the larger social organism. The continuous atgons between the knots of the
ecosystem nurture the effectiveness of individaetdrs and sustain the viability of the
population of actors as a whole. Hence, an org#oizal effort is required to enhance
the integration between the components of the ugsasystem and to set the condition

for its sustainable development (Apm@bal, 2019).



The ecosystem lens has been largely put on totigegs the role that the different
components €.g, physical environment, government, society, authhologies — may
have in the development of a smart city (e.g., @ikamar, 2020). However, further
developments are needed to shed light on whateidatkto organize and steer a viable
smart urban ecosystem. Previous studies have ¢argpecific topics related to the
urban sustainability, including governance issueksocietal challenges (Fu and
Zhang, 2017). Notwithstanding, there is no agredrabaut the mechanisms and
approaches that should be designed to set thetmorsdfor a sustainable smart urban
ecosystem (e.g. Russbal, 2014). Lack of agreement spurs from the cha#eripat
arise when structuring and running a smart urbasystem, such as the coordination
and amalgamation of the formal (planned) and thanmal (unplanned) sources of
urban creativity (Menget al, 2020) and the active engagement of citizensed the
social and civic capital on which the smartnesthefurban ecosystem is established
(Fothet al, 2016).

This study intends to stimulate the debate abauttbation and the organization of a
sustainable smart urban ecosystem. To advancewehatirrently know about this
topic, it complementarily proposes a bibliometnakysis and an interpretive literature
review. In particular, it articulates an interptata framework using the ecosystem

perspective to delve into the sustainable attribofesmart cities and to discuss the



macro, meso, and micro level challenges that affectlesign of viable smart urban
ecosystems. In sum, the article attempts to angwediollowing research question:
R.Q: What is the state of the art of the literatureooganizing smart urban
ecosystems and what are the key drivers of smiaanuecosystems’
viability?

An outline of the paper follows. Next section ira#i$s an overview of the research
design and methods. Then, the study findings arerted, alongside a brief description
of the selected most influential papers, themdsicalistered according to the output of
bibliometric analysis. Lastly, the study results aritically discussed and an
interpretative conceptual framework is presentbdpsg the theoretical and practical

implications of this research.

Methods
Study design

A mixed methodology consisting of a bibliometricafysis followed by an
interpretive literature review has been designeteet the study aims. This approach
was intended to blend the extensive systematidnngf a bibliometric examination
with the in-depth insights provided by an interpuetiterature review. The mixed
approach ideally diminishes the deficiencies oheaethodology, exploiting their

respective strengths. Drawing on previous studiepting a similar research design



(e.g., Daht et al, 2020), arad hocstudy protocol was developed. It included three
steps: 1) data collection: a thorough citation basa search for capturing the highest
volume of scientific contributions consistent witle study aims; 2) data cleaning: the
arrangement of specific inclusion and selectioteda to pick out the most influential
and relevant pieces of literature; and 3) coreyamslan in-depth examination of
retrieved items. The final stage was articulatethio sub-steps: 3 a clusterization
derived from bibliometrics; and,Ban interpretive literature review.

As compared to conventional methodological appresdbcusing on past citations
and literature impact to identify trend topics viitla discipline (Kessler, 1963a), the
bibliographic analysis primarily intends to highilighe ongoing knowledge areas, to
detect the roles and impacts of documents in sulesedjterature, and to capture the
early stages of a scientific pursuit evolution (Boly and Klavans, 2010; Hervas-Oliver
et al, 2015). The spectrum of documents that can blysetdhin bibliometric studies
ranges from a set of few articlesd, 40 papers on Kessler's first attempt in 1963b) to
an exceedingly large batch of documents (Dabal, 2020). In line with the purpose
of this research, the bibliometric analysis proditi@o perspectives to analyze retrieved
items: 1) a retrospective view: an investigatios@iinal contributions and the
reconstruction of the intellectual process for ditgy the current trends in the field of
smart city research; and 2) a prospective viewaraprehensive assessment of emerging

topics in the realm of smart cities and urban estEsys’ research.



Whilst the bibliometric analysis allowed us to €yshtize retrieved contributions in
light of their citational proximity, the interprg® literature review enabled an in-depth
account of the identified research streams. Thdajines for accomplishing a
systematic review of the literature were follow@danfieldet al, 2003). More
specifically, i) the item selection was performédisng to a clear and replicable
protocol; ii) the theoretical framework used to lgea the selected papers was aot
priori determined, but rather organised according ta@lingers resulted from VOS
algorithms (Van Eck and Waltman, 2010); and iig thstructions for a literature-
informed approach based on mixed methods wereweltio(Dab¢ et al, 2020). A low
level of formality was used, since excessive stetidation might constrain the capacity
to discover insights and to develop ideas stafftiowg retrieved contributions.
Consistently, a narrative, non-standardized repgdiructure was used to increase the
explanatory power of this study (Tranfiedtlal, 2003). Figure 1 includes a flow
diagram which graphically summarizes the reseaesigd. A detailed report of the
three research steps follows.

[Please, put Figure 1 about here]

Data collection
Items’ search kicked off in early August 2019. Alrst step, a set of keywords that

were coherent with the study purposes was develdpes step was crucial, since the



inclusion or exclusion of a single keyword may tesither in a constraining set of data
or in an unnecessarily broad dataset. After sevterations, the authors identified the
most significant terms to showcase the highestearigtudies to meet the study aims.
The main focus was put on the “smart” idea, in otdadisentangle the determinants of
smartness within urban ecosystems. Searching fartand smartness allowed us to
collect insights into the triggers and the dynantieg constitute the urban ecosystems’
ability to coordinate available knowledge and tiegrate technologies in order to
achieve an increased value creation capabilitinenwith the intention to illuminate

the determinants of smart urban ecosystems’ vighiisues related to “sustainability”
were also included in the research strategy. Ttlesion of “sustainability” into our
search string permitted us to tailor the analysisssues related to urban smartness
sticking to a tripartite — environmental, socialdaconomic — contextualization of
urban ecosystems’ activities. Finally, yet impotharsince the achievement of
sustainability requires an organizational effortteate cohesiveness amongst the
components of smart urban ecosystems, topics deldth “organization” were
contemplated in the query. Accounting for organaatelated issues was consistent
with the study aim of obtaining evidence aboutdtractural and procedural challenges
that may influence the viability of a smart urbao®ystem. Alongside these three
primary keywords, a list of secondary keywords @wesigned to keep the focus on the

urban context. The resulting search string follows:



TITLE-ABS-KEY (("smart*" AND "sust*' AND "organ*AND ("urb*"
OR "Cit*" OR "Civi*" OR "metropol*' OR "town" OR ¥cal" OR
"municip*")) AND (LIMIT-TO (DOCTYPE, "ar") OR LIMHTO

(DOCTYPE, "re")) AND (LIMIT-TO (LANGUAGE,"English")

The asterisk (*) was adapted for inclusion of aégible variations for each term and
allowed collecting the highest possible numberarftdbutions. Several online
resources are available to scholars interestedriioining literature reviews, including
Google ScholarClarivate AnalyticsWeb of Science and ElsevierScopu§. Due to
their larger coverage, Web of Science and Scopukagegely considered the two
dominant options for bibliometrics and literatuexiews (Dabt et al, 2020). They
index sources from leading publishers across thidvemd from main scientific
associations involved in theoretical and empirtegkearch about smart cities, such as
the Association for Computing Machinery (ACM) ame tnstitute of Electrical and
Electronics Engineers (IEEE).

After a cross validation aimed at ensuring theusidn of all relevant data, Scopus
was found to yield a more comprehensive and raliednhge of contributions. Web of
Science was affected by several discrepancies,matfy relevant studies being not
indexed. This situation probably occurred in reasbiine newness of the topic and its
recent developments, that did not reach most nragnst journals, yet. Therefore,

Scopus was selected as the main data source. @igfied keywords were run in a



Boolean search query performed on titles, abstraots keywords. The search was
limited to “articles” and “reviews”, as these docemhtypes are high-quality peer-
reviewed manuscripts and, thus, they can be comrsldeertified knowledge (Dabet

al., 2020). Conversely, conference proceedings anéidowere not contemplated in this
literature review, since it was not possible toathieir consistency with the peer
review method. To enhance the replicability of shedy design, only items published in
English were taken into consideration. No otheithtions were assigned. The last

query was run on April,"32020 and returned 239 documents.

Data cleaning

Given the wide spectrum of items collected, a tiste@s procedure was
accomplished to refine our dataset. At the begmrafi retrieved documents were
stored in an electronic worksheet shared amongut®rs. All contributions were
independently read, focusing on their titles, autt, and keywords. The screening was
performed according to three exclusion criteridatk of a clear relationship with the
aims and scope of this studye(, limited focus on organizational and managerislies
related to the smartness and sustainability ofrudzsystems); 2) marginal
contribution to the advancement of scientific knedge {.e., descriptive reports of
smart cities’ projects); 3) paucity of manageriadi gractical implications.g., review

articles unable to provide insights into the triggef urban ecosystems’ smartness and

10



sustainability). This screening phase resulteddnite convergent results of the

independent lists of papers to be excluded (13&died items). However, there was a
disagreement on 23 records. After a research ngeetvolving all authors, 14 papers of
this doubtful set were confirmed to be ‘outlier®’,not strictly consistent with the study

aims. The finalized dataset included 87 relevadtiarpactful papers.

Core analysis

The last research step primarily consisted of &duitetric analysis based on the
Visualization of Similarities (VOS) technique. V@8cited homogeneous clusters of
scientific contributions based on direct citatiefations. The core part of the analysis
was run in VOS vieweners. 1.6.1¢Van Eck and Waltman, 2010). Bibliographic
coupling was used as the aggregation method. Ntatioms were assigned for the
VOS viewer’s parameters. Bibliographic coupling urscwhen two papers have one or
more shared references: the higher the refereredapvbetween two items, the more
they are assumed to belong to the same clustera(@mnd Klavans, 2010). Through
this routine, VOS viewer generates a co-occurrenagix depicting a two-dimensional
map for all the items, which are located in accoo#ato their similarity measures. The
closer the items reported in the matrix, the stesrieir connections. This returns a
cluster analysis, where groups can be interprezambherent themes. Clusters were

systematized using an interpretive approach. Drgwpon such interpretations, a
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keyword analysis based on authors’ keywords waseimented to explore the most
important topics discussed in the extant scienlitécature. In light of this additional
analysis, the findings were integrated with thentdecation of avenues for future

development.

Findings
Overview of the items included in the analysis

The majority of items included in this literatuevrew were research articles (92%),
with the remaining part consisting of reviews (8%@ne of the latter presented either
bibliometric analyses or systematic reviews thatifed on the topics addressed in this
study. The publication years ranged from 2003 @202®ore than a fifth of the items
was published in 2015 or before (21.8%). About 2 gontributions was published in
the three years preceding this study (49.4%). ¢twdirms the timeliness of the
research subject.

A variety of sources hosted the contributions exesatiin this literature review. The
principal subject areas were: business, manageaneinhccounting, urban informatics,
urban science, public administration, environmestgnce, computer science, and
engineering. More than 60 journals were taken @otosideration in this research.
Nevertheless, three journals (the Internationatridwof Information Management, the

Journal of Cleaner Production, and Sustainabidibgounted for 1 in 6 articles (16.1%).
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On average, records included in this review wetedc21.7 timesdo = 36.7), ranging

from a minimum of O citations to a maximum of 20&ons.

Cluster analysis

Figure 2 graphically depicts the cluster analysigput. In sum, 11 clusters were
retrieved, some of which were mutually intertwin&tie closeness between the clusters
suggests that the topics addressed in this literaaview partially overlap, even though
they provide with different conceptual and empirleases to advance what we
currently know about the organization of smart anstainable urban ecosystems. No
elaborations intended to reduce the number of@lsstas performed. This
distinguishes our study from other reviews whicb@d more comprehensive, but less
detailed clusterization approach. The decision amniain the original number of
clusters was consistent with our purpose of disiogehe broadest spectrum of
homogenous pieces to discuss a relatively innogagthenomenon. This allowed us to
obtain a fine grained, albeit synthetic overvievila research in the field of smart
urban ecosystem.

[Please, put Figure 2 about here]

On average, the clusters contained 8 itesns 2.1), ranging from a minimum of 5

articles to a maximum of 12 articles. The averagmlmer of citations for each cluster

was 138.44¢ = 87.), ranging from a minimum of 36 citationsatonaximum of 264
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citations. The topics included in these 11 clustars be classified in two overarching
areas: 1) the components that are needed for isétialgl and running a sustainable
smart urban ecosystem; and 2) the approaches alsdhat should be used — at the
macro, meso, and micro level — to design and strac sustainable smart urban

ecosystem.

Literature review

Cluster 1: the policy and politics of sustainabieast urban ecosystems

Smartness is a new paragraph of the urban polsnodrse aimed at reinventing the
process of urban growth and development (NeuvondrAahe, 2017). Smart cities are
specific as compared with previous urban policyagle.g, sustainable cities, green
cities, or eco cities) in that they rely on.atripartite eco—economic—social
relationship...to create a more prosperous futuréh\wwigh-tech industries and efficient
social services for future generatidri&u and Zhang, 2017: p. 114). The achievement
of smart urbanism entails unprecedented policylehgés that cannot be addressed
using functional approaches, but require an integrgerspective (Karppi and Vakkur,
2020). The need for reconciling environmental, @roit, and social issues heralds
ambiguities and contradictions, which may bringntitutional clashes (Paydar and
Rahimi, 2018). To minimize such conflicts, scholargue that the debate on smart

cities should be repoliticized, emphasizing its tifadetedness and putting the
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individual and collective wellbeing at the centfeudoan policies (March and Ribera-
Fumaz, 2016). For this purpose, the conjoint ussakeholders’ engagement and
incrementalism in the development of smart urbasgstems have been advanced as
effective strategies: they allow to address theplerity of the smart city idea and to
effectively account for the diverging environmengaicial, and economic perspectives
at its basis (Neuvonen and Ache, 2017).

Alongside stakeholders’ engagement, tailored intioma should be introduced to
democratise the decision making process and toimé@ccount the viewpoints of the
different actors who participate in framing the sheéty policy discourse (Milart al,
2015). Smartness relies on active collaborationeatianges among actors in the
urban context (Nielsen, 2014). Such actors shoelddzply engaged — from both a
strategic and organizational point of view — in €stablishment of sustainable smart
ecosystems (Deslatte and Swann, 2017). Attentionldtbe paid to the risk that social
elites enter the smart city policy discourse wiforedominant role which enables them
to constrain policies and decisions and to gaifistehdvantages (Dierwechter, 2013).
This is especially true when a coercive philosophgerlies the establishment of a
smart urban ecosystem, which does not adequatedgsithe importance of local
resources for the development and strengtheningbain smartness (Hawkins, 2011).
A twofold fine-tuning of the policy discourse on arncities should be accomplished to

curb this risk. On the one hand, local interestigeoshould be solicited and encouraged
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to actively participate in the design of the sneast idea, activating their social
resources to support the viability of the urbansgstem (Ramirez de la Cruz, 2009).
On the other hand, initiatives should be takenvimdaexclusion and/or marginalization
of underprivileged social groups who are not effety represented in existing local
interest groups. This may pave the way for a ftlbglged involvement of citizens in the

smart city discourse (Pearsall and Anguelovski6201

Cluster 2: the co-production imperative to nurtwrdan sustainability

The ecosystem nature of smart cities stressesnperiance of citizens’ active
participation in the decision making process, whichrgued to spur the improvement
of urban smartness (Hajduk, 2018). Actually, citigeengagement has been identified
as one of the distinguishing traits of smart cifi€ankaalaet al, 2018). It creates a
greater commitment to civic life, which is esselntiieestablish lively urban ecosystems.
Besides, it enables to benefit from the wisdomhefdrowd, which is enacted via
service co-production and value co-creation (Kurd Ansell, 2020).

Citizens’ engagement in the co-creation of a smdoan ecosystem is ripe with
challenges. In fact, improper citizens’ involvemardy produce side-effects on the
inclusiveness of the smart urban ecosystem, triggemalue co-destruction due to
unfairness in the participation of the communityte policy making process. Wataya

and Shaw (2019) proposed a framework to addresspehaficities of a smart urban

16



ecosystem and to assess its value co-creationttena perspective of citizens’
involvement. It assumes that the smartness of laanuecosystem depends on its ability
to tackle “..societal and economical issues with, for, anditizens (Dupontet al,
2015: p. 245). Citizen engagement requires an erapuent process, which may be
either direct +.e., the active participation of citizens in shapimgl amplementing

urban strategies (Cast al, 2018) — or indirect +e., accommodating individual
behaviors to urban smartness’ promotion (Akbari ldogkins, 2019). Innovative
technologies, such as the internet of things aadlbckchain, may foster the
engagement of citizens in the co-value creatiogss, recontextualizing relationships
among value co-creators in the cyber-physical emwrent (Knieps, 2017). However,
they can also increase the divide between advathtage disadvantaged groups of the

community, which is detrimental to citizens’ engagat (Shen and Pena-Mora, 2018).

Cluster 3: advancing towards self-fulfilling comnities

Even though service co-production and value coticneare two requisites to setting
up a smart urban ecosystem, they are not enougprd@uction and co-creation
primarily focus on the contribution of individuatizens to urban smartness. Therefore,
they do not acknowledge that smart urban ecosysiterob/e the transition towards
cohesive and co-generating urban communities, wdrierestablished on a collective

effort to boost the sustainability of smart cit{€stergaard and Maestosi, 2019).
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Sustainable smartness takes its roots in the gilliss of a community..“to accept and
actively promote a self-sustainable economic peticgt can be harnessed through
constant participation of local associations, crdwuding projects and other initiatives
aimed at enhancing the human capit@appellarcet al, 2019: p. 161).

The process that leads to the construction offédélling and co-generating
community occurs through six steps: 1) the intrdiducof an enabling and non-binding
formal regulation, which formalize expected behaviof community members and
avoid the rise of a discretionary bureaucratic po{@anseverinet al, 2015); 2) the
promotion of a strong territorial identity and Wisioning of a consistent urban strategy
intended to engage the community in territorialelepgment (Cegliat al, 2020); 3) the
community empowerment and the encouragement afdthective social innovation
spirit (Angelidou and Psaltoglou, 2017); 4) the moyement of available technologies
and the construction of common platforms to enauiagr participation of the
community to the establishment of a sustainabletsanban ecosystem (Pramareik
al., 2017); 5) the reliable and timely forecastingrafividual and collective behaviors
to enhance collaboration and integration (Tascikglg 2018); and 6) the integrated
assessment of community engagement in a perspettivban smartness’ continuous

improvement (Koiralat al, 2016).
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Cluster 4: the importance of interconnecting platfis

A self-fulfilling community needs interconnectingagforms, which have a twofold
purpose: they serve as catalysts of interactiomssting the interdependencies amongst
the members of the community, and they enact fretgared thick exchanges that are
essential for the success of a smart urban ecosy@#ulco et al, 2016). Therefore, it
is not surprising that smart cities have been lgrgenceived of as platforms, which are
aimed at the achievement of self-organized urbaartsmss through citizens’
empowerment (Anttiroiko, 2016).

Interconnecting platforms fulfil four key functionshich are critical to enhance the
smartness of an urban ecosystem. They primarilgsetrepository of shared
information, increasing the collective accessitety and reliable data that inspire
individual and collective decision making procesdéascaladaet al, 2017). Besides,
they foster collaboration at different institutidtevels, nurturing the social capital
upon which a smart urban ecosystem is able to litsilcbmpetitiveness (Bamwesigye
and Hlavackova, 2017). Boosting social learningcpsses that are fostered by
horizontal collaboration and beyond-the-box thirgkiplatforms feed the smart urban
ecosystem’s innovativeness and adaptability (Cawaigat al, 2017). Lastly, they
allow the awarding of behaviors and decisions #natconsistent with the purpose of
smartening the urban community, creating involveinagid commitment (Stone Jr.,

2003). It is worth noting that platforms shouldg®vasive and should involve all the

19



spheres of an urban ecosystem to fully express plsitive contribution to the city’s

smartization process (Turget al, 2019).

Cluster 5: smart cities as data-driven ecosystems

The conceptualization of smart cities as co-gemaganowledge platforms implies
the acknowledgement of the empowering role of teldgies, which reshape the urban
environment’s structures and dynamics. The conjasetof big data analytics and
context-aware computing paves the way for the meatf a constellation of platforms,
which integrate and build collective intelligengewand the “..physical, infrastructural,
spatial, spatiotemporal, operational, functionahdasocio-economic forrhisf a smart
urban ecosystem (Bibri and Krogstie, 2017: p. B&ification and computerization
define a common language to handle the interatt&tween those who are involved in
the smart urban ecosystem’s functioning, nouriskiegcollective urban intelligence
through mutual and consistent information exchariBési, 2019a).

Literature identified several issues that shouldwercome to foster the
transformation of urban contexts into data-driverag ecosystems. Uneven access to
the urban computing technologies and resourcedabewaddressed, allowing all the
members of the community to benefit from the indéigig role of Information and
Communication Technologies (Ansari and Mehrotrd, 0Moreover, lack of

consolidated approaches and tools to initiate dateen urban governance initiatives
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should be filled in through bricolage and experitaéon (Nayak and Joshi, 2019).
Existing information and communication gaps amoffigient spheres of urban
governance and management need to be bridged, pngnmteroperability and
integration of innovative technologies applied tban computing (Duvieet al, 2018).
Lastly, yet importantly, the social acceptabilifydata-driven smart urbanism should be
supported, emphasizing the way technologies bringéw visions on how cities as a

microcosm of societies will evolv@ibri, 2019b: p. 22).

Cluster 6: sustainable smart cities as knowledgseldaurban ecosystems

A sustainable smart urban ecosystem has been toolgiass a place with strong
knowledge orientation, that derives from the comgalzation of the city as a living
organism (Luet al, 2015). Being a complex knowledge-based ecosystenhich a
multitude of actors is concomitantly involved innaplex processes of value co-
creation, the success of a smart city relies onnteetwinement of network
management practices and knowledge managemenicpsa@ameri and Ricciardi,
2015). From this standpoint, multi-level governaaperoaches — which sustain the
involvement of all relevant stakeholders in decisisaking processes and encourage
knowledge sharing — have been argued to be eslyesifdctive to underpin the

smartness of an urban ecosystem (Dameri and Beme2@il6).
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These considerations trigger some critical reftettiabout the governance model of
a smart urban ecosystem. Far from being understedarge-scale urban
agglomerations, smart cities should be managed/aywconnected communities,
where actors.".share information and perform joint decision-makia create
sustainable and equitable work and living environtgg(Damianiet al, 2017).
Governing a smart urban ecosystem entails steargajlaborative community, whose
ability and willingness to integrate available neis@es and to exchange current assets
foster the collective smartness (Snetnal, 2016). Hard and soft ingredients are needed
in the recipe for creating collaborative commusiti®n the one hand, an integrated and
adaptive governance model should be designed goidnmented to ensure the widest
community participation to the dynamics of the sna@ban ecosystem (Hudec, 2017).
On the other hand, value sharing and motivaticcotccerted actions should be
stimulated to mobilize individual resources for tiregress of collective knowledge

(Garauet al, 2017).

Cluster 7: myth or reality? Embedding greennessustainable cities

Sustainability and greenness are two cornerstoh@smart urban ecosystem. A
smart city is usually understood as a hub of gsmtutions. However, embedding
environment-related issues into the strategic misip and management of a smart

urban ecosystem is not an easy endeavour (Isesicil, 2019). Luet al. (2018)
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discussed the barriers that inhibit the abilityaafmart city to include environmental
and ecological concerns in their strategic and atpear plan, such as the ambitiousness
and ambiguity of concurring goals, the scarcitawadilable resources, and the weak
integration and collaboration between differenegaties of stakeholders.

Part of the literature contends that the greenfreysmart urban ecosystem is a myth,
rather than a reality. The predominant individualiapproach that is embraced in
promoting environmentally sustainable policies prattices is thought to generate
drawbacks on the effectiveness of green solutsinsg it does not contemplate the
overlapping of such solutions with the broader aloand economic dynamics of smart
cities (Barr and Prillwitz, 2014). Besides, thede®n environmental, social, and
economic performances as relatively independemarhena prevent the design of
consistent interventions intended to cope withdbm@plex eco—social-economic
relationships underlying the proper functioningaagdmart urban ecosystem (Ahmad and
Mehmood, 2015). Finally, the absence of a metarorgéion which connects the
different stakeholders, aggregates informationyisbes individual and collective
knowledge, and creates commitment to accomplistasable goals may weaken the

desirability and feasibility of greening policiesdapractices (Rajabioet al, 2019).
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Cluster 8: smart cities as citizen-centred and albgisustainable entities

The merge of economic growth and environmentalgatain is necessary, but it is
not sufficient to boost the smartness of an urlzasystem. Smart cities rely on a third
pillar, that is social sustainability, or the atyilto safeguard.:.human rights together
with the promotion of community social capital antizens’ empowermehtenacting a
smart citizenship (Marsal-Llacuna, 2016: p. 1198)ine with these considerations, it
should be noted that the achievement of a smazenghip does not occur. by
expanding the possibilities of democratically ergghgitizens, but rather by delimiting
the practices constitutive of citizensh{@abrys, 2014: p. 45).

The construction of a smart urban citizenship deditnplementation of a citizen-
centred and socially sustainable urban ecosysteqrgss through three steps. At the
beginning, a social standardization of citizendiekiand rights is required to minimize
risks of unequal participation of citizens to thedtioning of the smart urban ecosystem
(Marsal-Llacuna, 2017). Next, the strengtheningaifective urban identities through
material and immaterial artifacts is needed to arage citizens’ sense of belonging
and participation to the promotion of urban sman&epe, 2014). Thirdly, and lastly,
the awakening of citizens’ dormant assets and #wivation to enhance the viability of
the urban ecosystem reinforce the smart urbareosizip and activate a self-nourishing

cycle, which fosters urban smartness (Marciano3p01

24



Cluster 9: governing the sustainability of smarban ecosystem

Embracing an organizational point of view, smaltaur ecosystems can be
conceived of as place-specific organizational Beldhose structures are designed
according to a configurational approach. Such gmageh is articulated in two stages: a
high-level phase, which permits to outline the lanmes of the urban ecosystem, and a
bottom-level stage, which focuses on the rolesdividual actors involved in the
functioning of the city (Piercet al, 2017).

The high-level stage consists of the activities #ra intended to elicit and assess the
tangible and the intangible elements that intervariee process of urban smartization
(Wu and Chen, 2019). The identification of the smigban ecosystems’ boundaries
within which such elements can be retrieved shbeldealized acknowledging that
smart cities have an."open, nonlinear, fluctuating, and non-equilibrimature’ and
that their development is affected hy.Synergetic, competitive, chaotic, orderly, and
self-similar mechanismsresembling self-organizing systems (Yetral, 2020: p. 2).
Rather than delimiting the contours of a smart nrbeosystem, the high-level analysis
should be intended to point out the relevant adasthe distinguishing attributes of
smart cities, informing the subsequent phase (Ragpet al, 2020).

The bottom level stage starts with the design @f-governance model that is
consistent with the nature of smart cities as cempbcio-technical systems (Ben

Yahiaet al, 2019). The co-governance model is not statith&ait co-evolves with
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the smart urban ecosystem. During the initiatioaggh attention is primarily paid to the
arrangement of cooperation strategies and to teagthening of trust and loyalty
among urban actors through a transformational kshgeapproach. During the growth
stage, the focus is put on goal setting and matimasticking to a transactional style of
leadership to create commitment and cohesion (Garak 2020). The co-governance
model is then articulated in a strategic plan, véhosrpose is to determine the requisites
and the conditions for integration among the acidre are involved in the functioning
of a sustainable smart urban ecosystem (MarzoulOdinchan, 2020). In the strategic
plan, the co-governing body defines its own roleegfulator, enabler, and provider of
smart solutions intended to foster infrastructuned resources’ sharing among the
members of the urban ecosystem (Zvolskal, 2019). In addition, the modes of
citizens’ involvement in value co-creation and ss#\co-production are formalized,
emphasizing their contribution to the success efsimart city (Berquier and Gibassier,
2019). Lastly, a tailored performance measuremgsiem is arranged to create
agreement and commitment to the strategic aimssteat individual and collective

actions (Brorstronet al,, 2018).

Cluster 10: managing the smart urban ecosystem

The effective management of smart cities is esthbt on nine horizontal layers,

that involve (Russet al, 2014): 1) context-specific and non-constrairpogcies; 2)
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integrated planning; 3) citizen centredness; 4Wkadge sharing; 5) openness of data
and information; 6) communication protocols; 7) sistent business models; 8) tailored
funding schemes; and 9) integrated measurementgearent systems.

As previously anticipated, conventional bureaucrapiproaches in arranging smart
policies and regulations trigger institutional carmentalism, poor convergence, and
lack of integration, which do not fit with the nefed flexibility and adaptability of
smart urban ecosystems. Post-bureaucratic thingirgpuired to craft context-specific
urban policies that are consistent with the spatis of a smart city (Praharej al,
2018). Integrated planning allows to account fer leterogeneous and patrtially
diverging expectations of stakeholders interesteti¢ social, environmental, and
economic features of a smart urban ecosystem, makinflicting perspectives explicit
and avoiding subtle struggles (Li and Ren, 201&)z€hs-centredness is essential for
this purpose, addressing the propositions ande¢haviors of stakeholders towards the
empowerment of the community and the enhancemantlnfidual and collective well-
being (Caputet al, 2019).

Knowledge — and, more in general, resource — shpaepresents the distinguishing
attribute of a smart urban ecosystem. Organizimgraanaging a smatrt city basically
imply dealing with complex and evolving system&rthanges among the actors who
constitute the urban ecosystem and sustain itheoteal and social capital (Heddebaut

and Di Ciommo, 2018). Knowledge sharing is enablga pervasive and distributed
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big-data architecture, which ensure the full avaliy of relevant information to the
members of the smart urban ecosystem (VillegagtGth, 2019). Besides,
communication protocols and standards are reqtiréacilitate mutual connections
and exchanges (Boukhechétzal,, 2017).

The business model that is designed to addressxtifeanges between people and
organizations should be tailored to the dynamiabdpies that underpin the
competitiveness of a smart urban ecosystem. Thaedssmodel should create
alignment among the urban actors and should enttbegechange capability via
increased awareness of available opportunitiegesater willingness to exploit them
(Chonget al, 2018). Since large amount of resources are weedgupport the
continuous growth of the smart urban ecosystenromoate financial tools should be
used to sustain the implementation of the busimexiel. Alongside external financial
sources, a smart city should activate autonomowentee streams to reduce its
dependency from outside stakeholders (Vadgeinad, 2015). Lastly, sound
performance management systems based on intedgeygrerformance indicators that
emphasize both individual and collective contribos to the success of the smart urban
ecosystem are quintessential for the long-termihtialof a smart city, promoting the

commitment of urban actors to the urban smartinghimcess (Salviat al, 2016).
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Cluster 11: sustaining the smartness of smart urbersystem

Preserving and cultivating smartness is the biggiesiienge for a smart urban
ecosystem. Literature argues that the ability sinart urban ecosystem to sharpen its
smartness depends on its effectiveness to comigmddwn and bottom-up initiatives,
exploiting their synergistic effect on the urbanawmation capacity (Capdevila and
Zarlenga, 2015). Top-down interventions involve diesign and the adoption of an
integrated, multidisciplinary approach to cope with macro-level issues that affect the
behaviors of the actors who participate in the fieming of a smart urban ecosystem
(Rahulet al, 2018). Such an integrated approach enacts taegement of a shared
roadmap, which elicits the interdependencies anawhgrs and exploits them for the
purpose of information sharing and knowledge coeafieeet al, 2013). Alongside
supporting decision making processes and integratonomic, social, and
environmental evaluations (Rybnytséiaal.,, 2013), this stimulates the responsiveness
of a smart urban ecosystem, improving the abititgacknowledge the multifacetedness
of urban phenomena (Soegal, 2017). Bottom-up interventions are aimed at diveyl
light on the evolving needs of citizens, contextaiag them to the cyber-physical
setting of a smart urban ecosystem (Carrasco-&&az 2017). They are also intended
to stress the contribution that individual actaxs bring to enhancing the smartness of a
city, supporting individual commitment to urban gtb and development (Croviet

al., 2019). The smartness of an urban ecosystenoisdanto the collective
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consciousness of individual actors, that permitshift towards a distributed and fully-

democratic governance of smart cities (Woodheati3R0

Discussion
Conceptual and practical implications

The research findings are summarized in Table ighwéynthesizes the main
theoretical and practical implications of this stuBrom a conceptual point of view, the
results shed light on the building blocks that updea smart urban ecosystem which is
oriented towards sustainability. As graphically idegd in Figure 3, the smartness of an
urban ecosystem relies on a tripartite policy frewmdk which accounts for the social,
economic, and environmental challenges faced bytsitgs to achieve a fair and
viable growth (Fu and Zhang, 2017). Urban servicesproduction and value co-
creation explicate such an integrated policy frawdwCappellareet al, 2019). Co-
creating relationships among the actors and stdétetsowho are either directly or
indirectly involved in the functioning of a smarban ecosystem trigger a greater
collective ability to handle the trade-offs betwelka social, environmental, and
economic dimensions of the smart city, enhancisdping-term sustainability (Appiet
al., 2019).

[Please, put Table 1 about here]

[Please, put Figure 3 about here]

30



Community empowerment and citizens’ engagemengssential to foster the
transition towards a sustainable socio-economiwtjr@f smart urban ecosystems,
paving the way for a self-fulling approach to urlganning and management (¥ét
al., 2019). Nevertheless, literature has warned@ttiallenges that are evoked by
citizens’ involvement. The prevailing paternalisticd pragmatic discourse around
smart urbanism neglects the acknowledgement oékghts to citizens. This may
determine a failure in bestowing a smart politwitizenship to people, undermining the
active participation of the community in servicemoduction and value co-creation
(Cardullo and Kitchin, 2019). In spite of the etithat are accomplished to empower
citizens and to involve them in the functioningao$§mart urban ecosystem, (Teflial,
2020), the degree of people engagement is curthyldzehind the scene selfish interest
of dominant stakeholders, who may be willing tostoasin the breadth of the smart city
policy discourse (Mattern, 2020). This leads toriked for envisioning a brand new
idea of smart urbanism, which stresses decenttiaiizand life-cycle planning to merge
ecological, economic, and social sustainabilitgdanly decision making processes of a
smart urban ecosystem (Fu and Zhang, 2017).

A threefold meso-level architecture should be desigto sustain the macro-level
components that enact the smartization of the ugsasystem. Firstly, interconnecting
platforms create a thick web of communication exges linking all the actors of the

smart urban ecosystem. They enable data and infiamsharing and nourish the social
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capital available within the community of actoreéet al, 2013). Besides, they enact a
multisensory urban engagement (Barns, 2020), rasipépe everyday socio-spatial
experience of smart cities to facilitate citizepatticipation (Barns, 2019) and allowing
“...a range of socio-technical engagements (...) beagptiated daily by a range of
actors both within and outside city administratidb(Barns, 2018: p. 11).
Interconnecting platforms are fed by advanced daiaen technologies that, via
datification and computerization, set a common legg and facilitate the
transformation of social capital into collectiveahigence (Bibri, 2019a). The transition
towards computerization and datification shouldhbedled carefully. Even though it
has been argued that citizens have a right toitabaity which takes advantage of ICTs
to enhance the individual ability to participatele smartization of urban ecosystems
(Fothet al, 2015), becoming too digital may constrain —eatihan empower — citizens
(Sadowski, 2020). The reliance on algorithms amgddaita is thought to entail a
dehumanization of cities, triggering a surveillarcather than an enabling — approach
to urban governance (Zuboff, 2019). This may pa&eavtay for increased oppression
and inequality, which are not consistent with tla@sition towards a sustainable urban
smartness (O’Neil, 2016 and Noble, 2018). To de#l this issue, a digital enough
principle should be adopted, maximizing the enapiole of ICTs and minimizing the
side effects of datification and computerizationuoban ecosystems’ dehumanization

(Green, 2019).
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Lastly, common knowledge repositories act as timrakbrain of the smart urban
ecosystem, collecting the intellectual capital andrdinating the exchange of data and
information that stimulate collective intelligen@@ianet al, 2019). These repositories
enact an instrumental rationality, which increabesability of a smart urban ecosystem
to timely and effectively address the challengas thay put its sustainability under
stress (Palumbo, 2014). The realist epistemologyithattached to instrumental
rationality should be accompanied by an ethicahfrg of urban issues, recognizing
their contingent and relational nature (Kitchin18Q

Two micro-level values inspire the integration loé tmacro-level policies and the
meso-level architecture that compose a sustairsabéet urban ecosystem. Greenness
should be understood as tleémotivguiding the governance and the management of a
smart city (Vinod Kumar, 2020). It should replabe technocentricity that has
characterized most of urban smartization processestwining social development,
economic growth, and environmental viability (Ymgnlaret al, 2019). Moreover,
citizen-centredness is needed to make a smarthatipest places to live for people,
targeting a continuous improvement of individuadl @ollective wellbeing (Certomet
al., 2017). A post-anthropocentric perspective shbel@mbraced to establish a bridge
between greenness and citizen-centredness (Yitptoetral, 2019). Whilst greenness
takes into account the need for balancing econafffairs with environmental issues,

citizen-centredness accounts for the social vigiili the smart urban ecosystem
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(Kankaalaet al,, 2018). The juxtaposition of smartness, greenress citizen
centredness boosts the self-nourishing abilitynodig urban ecosystems to achieve a
socially and environmentally sustainable economasvih (Mackeet al, 2019). This
calls for a more than human approach in the demighorganization of a smart urban
ecosystem that addresses the social needs of pesplethough it rejects human
privilege in undertaking strategy and managemeaisams (Forlano, 2016).

From a practical perspective, the study allegesalsmnart urban ecosystem is
dependent on the contribution of two focal acttwsal public authorities and
technological partners. Local public authoritiesda regulating and orchestration role:
they formalize the interactions between the memobgtise ecosystem, coordinate
exchanges among them, and steer the high-levahanabttom level governance stages
of a smart urban ecosystem (Vilajosatbal, 2013). Local public authorities should
endorse a post-human model of urban ecosystemigindg=orlano, 2017),
acknowledging that a focus on technology-basedt&ation is likely to nurture a
disconnection between aspirational and actual $evelirban viability (Lotet al,

2020). Technological partners have an enablingirolee development of a smart
urban ecosystem. They provide with the data-drawgsh ICT-based solutions to
accommodate the nonlinear and fluctuating natuseshart city. Promoting
information sharing and knowledge creation, tecbgichl partners support the self-

organization capability of a smart urban ecosydteavieret al, 2018). Lastly,
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bridging the gap between local authorities anaeits, they set the conditions for the
active involvement of the community in value coatren (Bibri, 2019b).

The focal actors are expected to express diveqgiogositions and approaches,
condition that may negatively affect the governaoica smart urban ecosystem (Macke
et al, 2019). Local authorities are generally inclined bureaucratic model of urban
governance, which intends to create vertical anizbotal alignment among relevant
stakeholders and to seize the opportunities foutban ecosystem’s expansion (Dameri
and Benevolo, 2016). Technological partners arsitally oriented towards a
technocratic approach to urban governance, tldatven by advances in the
technological realm and is targeted to a full centalization of the interactions among
the members of the ecosystem in the cyber-physivatonment (Bibri and Krogstie,
2017). The viability of the smart urban ecosystsraffected by the ability of finding a
compromise between these two models in an attesguddress the dynamics and the
evolution of a smart urban ecosystem. It is poediblexploit and combine both the
consistency of the bureaucratic model and thebilgty of the technocratic approach,
avoiding the side effects of their clash on citicentredness (Joss al, 2017). The
implementation of a techno-bureaucratic governanadel is expected to enhance the
citizens’ participation in the decision-making pesses of smart cities, increasing the

transparency of bureaucratic actions, minimizirgrieks of exploitation of
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disadvantaged classes by social elites, and pavengyay for greater opportunities of
citizens’ involvement (Ruhlandt, 2018).

For this to happen, people need to obtain a datrsignty, being able to control
and manage data and information that are relatdtettunctioning of the smart urban
ecosystem (Kukutai and Taylor, 2016). The rightioefierprivileged people to data
sovereignty should be especially ensured, promaktiagg comprehensive and fair
involvement in the governance of a smart city (\&aéind Suina, 2019). Data
sovereignty is the first step towards technologsmlereignty, which is thought to
reduce people anxieties of control when confromtgd the technocratic side of smart
urbanism (Leszczynski, 2015). Moreover, it stimedathe citizens’ willingness to have
an active role in the design of a smart urban estesy (Leszczynski, 2020). Going
beyond personal control and enacting collective@mgsment, technological
sovereignty allows.".to invert asymmetrical power relationships (€fween
corporations, governments and data subjects, wihibeiding avenues for greater
citizen and citizenry autonorhgMann et al., 2020: p. 7).

Community inclusion and engagement in the functigrof an urban ecosystem is a
distinctive attribute for sustainable smartnessweler, tailored modes and forms of
community involvement should be crafted. Sincezeitis may not be aware of their
potential contribution to the success of a smdranrecosystem, an empowerment

process is required. Empowerment is intended tkemthe ‘dormant’ assets of
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citizens, activating them for the purpose of vataecreation. An involvement process
follows, that aims at establishing physical andtdlgontexts for citizens’ participation
in urban service co-production. An engagement phaseludes the process of
community involvement, acknowledging the importanteitizen centredness for

urban smartness’ development (Palumbo, 2016).

Agenda for future research

Further developments are needed to advance whatrently known about the
establishment and the organization of a sustairabbat urban ecosystem. To
illuminate avenues for future research, a keywara\ysis of the scientific contributions
included in this literature review was performettjufe 4 visualizes the 100 most
representative keywords obtained from the anal@isthe right side of Figure 4,
themes related to the transition toward a technmeducratic approach to smart urban
ecosystems’ governance emerge. In this domaingsssoncerning data-driven smart
growth and technology-enabled sustainability apeeisilly relevant. Future studies
should pay attention to the manifold implicatiorisnmovative technologies that foster
the datification and computerization of smart urbaasystems.g., blockchain,
internet of things, big data, and context-aware @atmng). They trigger increased
opportunities for information sharing and colleetimtelligence creation. Also, they

enact a cognitive and operative alignment amongdhers of the smart urban
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ecosystem, which significantly contributes to thied term viability of smart cities.
However, datification and computerization genesdlgcal challenges, which should be
carefully investigated and addressed. The techrocigynthat characterized most of
advancements in the field of smart urban ecosystedi® a sort of dehumanization of
urban governance. A contextualization of data ssigety to citizen-centredness is
needed for illuminating the dark side of technodeity in the smart policy discourse
and for balancing datification and computerizatiath a citizen-centric view of smart
urban ecosystems.

[Please, put Figure 4 about here]

The left side of Figure 4 puts emphasis on tomtated to community engagement
and citizens’ active involvement in the functionioiga smart urban ecosystem. The
conceptualization of smart cities as open orgaiuizat fields and collaborative spaces
will assist to better understand the specificitgibizens’ participation in urban
services’ co-production and value co-creation.fBtatization and cyber-physical
architectures are critical tools to boost citizezrsjagement in the strategic and
management decisions of a smart urban ecosystamaspect seems to have gained
increasingly attention of scholars and practitisrand this trend may continue in the
near future. However, further attention should &kl po the capability of smart urban
ecosystems to ensure the engagement of undergedilgroups of the population in the

digital architectures that are implemented to prmmitizens’ involvement in value co-
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creation. In fact, the smartness of an urban etesymay be prevented by the inability
to account for the special needs of categoriegen& which have not been
conventionally involved in framing the urban polidigcourse because of their weak
political and social representation.

Whilst studies dealing with citizen-centredness/ailed in the past years,
datification and computerization represent the ni@adais of current literature. A merge
between these two research streams is requiredvop new insights about citizens’
empowerment and engagement enacted by technolagimalations. It should be
acknowledged that a transition towards a post-humeadtel of urban governance is
needed for achieving the conjoint purposes of esoacecologic, and social
sustainability that underpin the viability of a sinarban ecosystem. This raises new
research questions that should be thoroughly asleldes forthcoming research, as
briefly reported in Table 2. Both conceptual angeroal studies may provide answers
to such questions, pushing forward what we knowabw structuring and the
functioning of a sustainable smart urban ecosystem.

[Please, put Table 2 about here]

Conclusions

This study attempted to overcome the fragmentdliahcharacterizes the extant

scientific debate about sustainable smart urbasystems. Such an endeavour was
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accomplished from both a theoretical and a pragbicent of view. Adopting a
conceptual slant, the study findings pointed oatribed for recontextualizing the
building blocks that underpin the smartness of dobam ecosystem according to a socio-
material perspective. A sustainable smart cityesetin an integrated and tripartite
policy framework, which is intended to accommodatenomic growth with an
enhanced ability to preserve social and environalesistainability. Acknowledging
smart cities as complex and continuously evolvingistechnical ecosystems, this
literature review encourages to pay attention éorétonciliation between the hard and
the soft ingredients that are required in the &g urban smartness. The
platformization and the datification of a city is anavoidable step in the transition
towards smart urban ecosystem. However, they shmildtegrated with entitlement of
a smart urban citizenship to people, here inclutisddvantaged groups of the
population. This calls for a process of citizenspwwerment, involvement, and
engagement, which is crucial to accomplish a félégged participation of people in
urban services’ co-production and value co-creation

From a practical perspective, the study recommémaisghe success of a sustainable
smart urban ecosystem primarily depends on thé gointribution of two focal actors:
local authorities and technological partners. While former focus on the arrangement
of a smart governance which is targeted to the evapuoent of citizens and to the

achievement of a socially and environmentally snatde economic growth, the latter
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set the conditions for information and resourcesrsg, which is quintessential to
foster the smartization of urban ecosystems. Thielbidne alignment between these
actors and the more effective their conjoint efdd realize citizen centredness in a
post-human perspective, the greater the ability sxinart urban ecosystem to develop a
rich and self-nourishing collective intelligenceat is at the basis of a long-term urban

viability.
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Table 1. An overview of the research findings

Cluster Color Main theme Key contents Key references
no.
Cluster Red The policy and politics of A tripartite — economic, social, and environmental — perspective is required to enact the smart city de la Cruz, 2009; Fu and
no. 1 sustainable smart urban policy discourse. The multifacetedness of this discourse may pave the way for ambiguities and Zhang, 2017; March and
ecosystems contradictions. Stakeholders’ engagement and incrementalism are concomitantly required to Ribera-Fumaz, 2016
overcome this situation. Since social elites are able to enter the smart city policy discourse with a
predominant role, attention should be paid to the risks of exclusion and marginalization of
disadvantaged groups of the population
Cluster Yellow The co-production Citizens’ participation in policy making and decision making processes are key features of smart Carli et al., 2018; Dupont
no. 2 imperative to nurture urban ecosystems. Involvement is a requisite for urban services’ co-production and value co- et al., 2015; Shen and
urban sustainability creation, which underpin the smartness of urban ecosystems. A tailored value co-creation Pena-Mora, 2018
framework should be designed to boost citizens’ engagement and minimize the risks of co-value
destruction entailed by improper citizens' involvement
Cluster Purple Advancing towards self- Smart urban ecosystems involve the transition towards cohesive and co-generating urban Angelidou and
no. 3 fulfilling communities communities. Non-binding regulation, territorial identity, community empowerment, availability of Psaltoglou, 2017; Koirala
interconnecting technologies, forecasting of individual and collective behaviors, and continuous et al., 2016; Pramanik et
nourishment of community engagement are key to establish a cohesive and co-generating smart al., 2017
urban ecosystem
Cluster Orange  The importance of Smart cities should be understood as platforms, which aim at the achievement of self-organized Anttiroiko, 2016; Bifulco
no. 4 interconnecting platforms  urban smartness through citizens’ entrustment and empowerment. Platforms should be pervasive et al., 2016; Encalada et
and they should act as: 1) repository of shared information; 2) a collaboration mechanism; 3) a al., 2017
social learning space; and 4) a catalyst of commitment and involvement
Cluster Fuchsia  Smart cities as data- Technologies provide new visions on how cities will evolve acting as a microcosm of societies. Bibri, 2019; Bibri and
no.5 driven ecosystems Datification and computerization set a common language to foster interactions between agents who  Krogstie, 20175; Duvier
are involved in the functioning of the smart urban ecosystem. Data-driven smart urbanism permits etal., 2018
us to timely address the unprecedented governance and management challenges faced by smart
urban ecosystems
Cluster Brown Sustainable smart cities Smart urban ecosystems can be metaphorically conceived of as living organisms with a strong Dameri and Ricciardi,
no. 6 as knowledge-based knowledge orientation. From this standpoint, a combination of network management and knowledge 2015; Lu et al., 2015;
urban ecosystems management practices is needed for ensuring the viability of smart urban ecosystems. Among Snow et al., 2016
others, multi-level governance approaches are especially effective to steer the growth of smart
urban ecosystems
Cluster Cyan Myth or reality? Although greenness is a cornerstone of smart urban ecosystems, embedding environment-related Capdevila and Zarlenda,
no. 7 Embedding greenness in  issues into the strategic visioning of smart cities is not an easy endeavour. Ambiguity of concurring 2015; Carrasco-Séez et
sustainable cities goals related to the tripartite, ecological, economic, and social interpretation of smart cities, the al., 2017; Lee et al.,
scarcity of available resources, and the weak integration among different stakeholders are relevant 2013
barriers to embedding greenness in sustainable cities
Cluster Pink Smart cities as citizen- Social sustainability is quintessential to the smartization of urban ecosystems. It entails a smart Bibri and Krogstie,
no. 8 centred and socially urban citizenship which recognizes the need for safeguarding human rights together with the 2017y; Gabrys, 2014;
sustainable entities promotion of community social capital and citizens’ empowerment. Citizens' empowerment, Marsal-Llacuna, 2016
strengthening of collective urban identities, and a social standardization of citizens’ duties and rights
are required for this purpose
Cluster Dark Governing the Smart urban ecosystems are place-specific organizational fields, whose structuring involves a high-  Brorstrom et al., 2018;




no. 9

Cluster
no. 10

Cluster
no. 11

green

Blue

Light
green

sustainability of smart
urban ecosystem

Managing the smart
urban ecosystem

Sustaining the smartness
of smart urban
ecosystem

level stage (i.e., the outlining of the ecosystem's boundary) and a bottom-level stage (i.e., the
definition of individual roles and tasks). The co-governance model which results from these two
steps permits to define the approaches of citizens' active involvement in the process of value co-
creation and identifies a tailored performance measurement system to assess the growth of the

smart urban ecosystem

Since smart urban ecosystems show a need for flexibility and adaptability, conventional
bureaucratic approaches to arrange smart policies and regulations should be avoided in order to
minimize compartmentalism, poor convergence, and disintegration. Effective smart urban
ecosystem governance model relies on citizen-centredness and resource sharing, facilitating
integration via increased connections and exchanges

The urban ecosystems’ ability to sharpen smartness depends on the combination of top-down and
bottom-up initiatives, exploiting their positive, synergistic effect on the urban innovation capacity.
Whilst top-down interventions tackle the macro-level challenges that affect the success of smart
urban ecosystems, bottom-up actions are aimed at contextualizing the evolving need of citizens into
the cyber-physical setting of smart cities

Pierce et al., 2017; Wu
and Chen, 2019

Chong et al., 2018;
Russo et al., 2014;
Vadgama et al., 2015

Ahmad and Mehmood,
2015; Barr and Prillwitz,
2014; Lu et al., 2018




Table 2. Avenues for further developments and future research questions

Future Research Main Focus Related clusters Most fitting research design(s)
Questions
F.RQ.1 What are the side effects of computerization and datification on the smartization process Clusters nos. 1, 4, 5, Quantitative longitudinal and cross-

of urban ecosystems?

F.R.Q.2 How can citizen-centredness be contextualized to the platformization that is typical of
smart urban ecosystem?
F.R.Q.3 What are the implications of the increased use of cyber-physical architectures on citizens’

empowerment and involvement in smartening urban ecosystems?

F.R.Q.4 What are the requisites to the implementation of a post-human model that combines the
tripartite, ecologic, economic, and social policy priorities of smart cities?
F.R.Q.5 How is it possible to address the drawbacks of smart cities’ technocentricity on urban

policies and governance’s dehumanization?

6, 10, and 11

Clusters nos. 2, 3, 5,
and 8

Clusters nos. 2, 3, 8,
10, and 11

Clusters nos. 1, 6, 7,
8,and 9

Clusters nos. 3, 4, 5,
8,10, and 11

sectional empirical research
Systematic Literature Reviews
Bibliometric Analysis

Qualitative, in-depth empirical research
Conceptual advancements
Quantitative longitudinal empirical
research

Experimental research

Grounded theory development

Critical research methods

Qualitative, in-depth empirical research
Quantitative longitudinal and cross-
sectional empirical research




Figure 1. The three-steps study protocol
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Figure 2. The cluster analysis’ output
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Figure 3. The “building blocks” of smart urban egstems
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Figure 4. Avenues for further research triggereddywords’ analysis
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