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1 ABSTRACT

Since the 1990s, the Greater Municipality of Istarias been investing in intelligent, digital sees and
supporting infrastructures, while at the same tist@nbul has started to become an important céoti€T
technologies. Recently, the efforts of the munikifypand the private stakeholders are significantyscaled
as the city has become an important internationainess, transportation and digital hub. One ofntiost
recent efforts to tackle the city’s managementlehgks is the “Smart City Istanbul Program” whidvers

a range of activities from developing a Smart @ignchmark model to the assessment of the metrapolit
city with a specific Maturity Model.

The Greater Municipality has recently developed amsessment and monitoring model for Istanbul’s
development as an international financial secttwe @evelopment of other models focusing on pasicul
issues is also on the agenda. In a way, the muigiis trying to establish an information-richtétligence
base that focuses on strategic priority areas. & bfferts may contribute to the adaptation of tlubal and
national metropolitan agenda that pushes metr@pogjobvernments to establish evidence-based pobcids
integrated management supported by indicator systeat allow benchmarking city-regions.

The development of such intelligence capabilitiesgs significant challenges. Meticulous encourageioie
participatory processes by the Greater Municipatifylstanbul itself within its own activities shaul
facilitate the diffusion of its emerging knowledgesets to other stakeholders, thereby creatinghancig

and complex environment of urban intelligence bodd Enhancing the quality of participatory proessss

thus very important.

The paper provides information on the participategthodological approach used in the establishroent
the Smart City Assessment and Monitoring Model,eltggyed by the authors in collaboration with the
Greater Municipality of Istanbul and its affilialSBAK. It also discusses the benefits and challenge
associated with the Smart City Assessment Modedsdan a rich literature survey. The approach eyeplo

is particularly aimed at avoiding empty signifieroplems, feeding participatory processes with rich
information, establishing trust among stakeholdaveiding fuzziness and indecisiveness, and erglitia
production of a small set of mutually agreed andcted benchmark indicators which can later sudoliygs
inform maturity models.

Lessons learned are: the involvement of specialisadtitioners in the Smart City domain in dissedtiimg
local information into the process; the use of getad participatory process to enable evaluatioth an
agreement on a large set of indicators in a redbtishort time; and the co-presence of these twogsses to
help avoid empty signifier problems. The paper ssgg that it is possible to tackle the unique enajés
associated with Smart City development activitiésabling repetitive benchmarking processes makes it
possible to challenge rapid technological changkanhieve convergence. Layered participatory psmses
work better when practitioner teams also see piaisrin collaboration. Also third, feedback mechsans
should be provided at different layers of partitipg processes as they enhance decision-making@gses.

Keywords: grey relational analysis, participatorggess, smart city, benchmark, Istanbul
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2 INTRODUCTION

Smart cities are seen as a panacea to achievensibdtadevelopment. They are also expected to er@at
market as large as $300 billion by the year 20BBough the Smart City concept is not new, in regears
there has been a rush by cities of all sizes t@tasibategy making associated with the smart aitycept.
Now a large number of city governments experientallenges of strategy making associated with this
dynamic paradigm.

This paper discusses the challenges of smart siigciated spatial strategy making in large cityenag; It
focuses on the specific topic of building locallyfarmed benchmarking models to evaluate the city’s
position with respect to its “smart” peers. The grapmploys Healey’s spatial strategy-making frantéwo
(Healey, 2009b) and explores the unique issuevaeteto the Smart City Paradigm through the lerfse o
participatory processes, management of knowledgev([2013) and technological change. After disagsi
special issues about benchmarking, the paper dissube relevance of the Delphi Method and the Gray
Relational Analysis for facilitating and speeding participatory processes. Finally, the paper prissthe
experiences obtained during the recent experiehtstambul, Turkey in this contex$éker et al., 2019) and
concludes by a discussion on the lessons learned.

3 CHALLENGES IN SMART CITY STRATEGY BUILDING AND THE ROLE OF
BENCHMARKING

The origins of the Smart City concept dates back880s, but only after the year 2000 has it becarkey
global interest though the discourses of sustagndélelopment and smart growth (Albino et al., 2@Eger,
2009; Susanti et al., 2016) “Smart City” is seermagsion aiming to constitute the 21st centuryfecent,
technologically advanced, green, and socially isigl city (Vanolo, 2014; Yigitcanlar & Kamruzzaman,
2018).

In general, smart cities have a high share of kadge-based businesses and professionals, acconemodat
creative and innovative activities, sustain a higipeality of life with competitive costs, use eféat and
effective resource technologies and green infragsiras, and have output-oriented planning systemds a
participatory governance procedures (Anthopoul6db2 Fernandez-Anez et al., 2018; Nam & Pardo, 2011
Neirotti et al., 2014; Paskaleva, 2011).

The Smart City Paradigm is also supported by teldgyocompanies that promote the smart city agenda,
through publications, events and benchmarking etudihe New Urban Agenda of Habitat Il has plaged
role in connecting the smart city concept with Sumstble Development Goals, as it is heavily based o
indicators and urban data (Caprotti et al., 2008ny cities and citizens perceive Smart City agians to

be beneficial. Large city-regions where half of tijlebal economic production takes pladeve also
become the playground of Smart City applications.

There are now a substantial number of internati@nart city benchmarking models, which are mostly
being prepared by global private enterprises. Wiy provide the opportunity of quick assessment f
planners, they have certain setbacks like opagsesekection bias of indicators and year on yedatian

of rankings. These issues decrease the validity lagitimacy of such benchmarks. Hence scholars and
planners face increased demands from local govertsme develop tailor-made smart city benchmarking
models to be utilised in Smart City-associatediapsirategy making.

3.1 Challenges associated with spatial strategy makirand smart city agenda

The processes that generate the making of spdtategies are complex and delicate (Healey, 2009b,
2009a). In general, spatial strategy-making praegs/olve understanding and seeking opportunitidse
involved in higher hierarchical structures, conmegtto other spatial locations, improving the riefat
position of cities among different socio-spatiahtexts and networks and improving internal relagiamd
components in a city. Each city has to find its omay ((Healey, 2006) p.267). The essential stegpafial

! Future Cities Special Interest Group, Accesse®@lat Jan.2020. https://connect.innovateuk.org/welmé-cities-
special-interest-group/definition

2 Global MetroMonitor 2012: Slowdown, Recovery, dnterdependence” by Emilia Istrate and Carey Anaelédu,
The Brookings Institution — 30th November, 2012psi/www.brookings.edu/wp-content/uploads/201630€&global-
monitor.pdf
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strategy-making aim to move away from current pasét by discovering new opportunities, integratamgl
gearing up different aspects, leading to the ogenin of new possibilities and setting directione4l¢y,
2009b). From this perspective, “the smart city agded spatial strategy making” has a similar reatont
poses unique challenges.

There are many examples where interventions umgepttetext of Smart City discourses have facedgtro
criticism. Smart city strategies are criticisedki@ empirically and conceptually shallow and accuskd
leading to the outsourcing of democratic and emwitental resilience to the global technology sector
(Viitanen & Kingston, 2014). In accordance, thesdimited empirical evidence on smart cities’ &bilio
form green and inclusive urban environments, othair ability in dealing with carbon dioxide emisss
(Yigitcanlar & Kamruzzaman, 2018), or yielding difrant sustainability outcomes (Yigitcanlar & Lee,
2014). In fact, unintended consequences of smartapplications carry the risk of further increases
environmental, social or economic problems (Feder@ugurullo, 2013; Shwayri, 2013), due to the
pervasive use of rapidly changing ICT systems andyxts (Hilty & Aebischer, 2015; Li et al., 2013)

Both (Caragliu & Del Bo, 2012) and (Pancholi et, &017) suggest that the incorporation of local
communities and actors might help in better addrgsand dealing with space-specific societal, eatino
and environmental challenges. Hollands (2008) ssitggihat city governments should focus first onpteo
for progressive, sustainable and smart cities,erathan solely focus on economic competitiveness an
pervasive use of ICT. A large and varied body afwdedge is embedded in various stakeholders inajlob
city-regions which has strategic value for smaty-eissociated spatial strategy making. Many stakien®
have their own connections to other spatialitied aave the ability to alter the internal structaned
functioning of the host city-region. In many aspedhese stakeholders also provide efficient chanioe
connect to various higher hierarchy structuresti@odeployment of such embedded knowledge at the ve
beginning of analytical processes could be imporianshaping the understanding and hence strategy
building processes that might serve for the attamnof Sustainable Development Goals.

Therefore smart city spatial strategy makers havetilise suitable approaches and methods that dvoul
effectively extract, relate and utilise the embetid#teowledge of stakeholders with factual data, uth
introducing problems of over-dependence on subjégti representation, legitimacy, and consensus-
building. Put together with rapid technological obe, the complexity of global city-regions and tharer-
changing connections to other spatialities, Smayt &sociated strategy making becomes a hugeectg!

Facing these challenges, spatial strategy make toeadopt agile approaches that are capableptiiroag,
processing and representing diverse and immensemation in a meaningful, productive and legitimate
way in very short time intervals.

Making use of existing smart city indices or benahks developed by international organisations might
enable fast assessment of cities, but they areionf®ols in establishing power balances. Topioseted
could be wide or narrow and irrelevant for a paltc city-region’s own assessment. In additionréhie no
guarantee that these benchmarks would continue g¢kigtence in the near future. Thus, there isedre
establish local benchmarking capabilities that kjyiclegitimately and effectively utilise locallyn@edded
knowledge relevant to the connectivity, positiomd anternal components of the specific city-region.

3.2 Challenges of local development of benchmark models

Planning is a political process of power that aotbuild a consensus between conflicting interéStsini,
2013) It is impossible to deliberately describe amdilyse the situation in multiple contexts, whilso
understanding local capabilities and their intatiehships with regional goals. given the presdinge
limits and rapidly changing agendas. However, dgiaig has to be bridged anyway through a decisionngak
process which utilises strategic tools (Frenkeld&d®, 2017). Strategic tools enable quick utiliaatof vast
amounts of information regarding indeterminate orlsgstems, and the conflicting agendas as well as
different images, visions and capabilities of staltders (AlAwadhi & Scholl, 2013; Fernandez-Anezakt
2018; Santis et al., 2014). They improve punctyatit making decisions regarding building complexd an
highly valid intelligence.

(Borsekova et al., 2018) focus on the functionddiéggween the size and indicators of smart citiesyoming
that there is an association between the seleofiordicators and city sizes. Their findings on Ea@ropean
cities suggest that some indicators (such as ewalogwareness) are more important for larger soiaes.
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They also find that larger cities enjoy better aumtble resource management, but they are not &% op
minded or innovative as medium-sized cities, codidg that one-size-fits-all type of smart city stgies
would be inefficient and ineffective, and positmenegative prejudices on larger cities should\meded by
planners and strategy developers.

From this point of view, using a smart city benchkmaodel that is based on factual data on glohieEscbut
which also takes into account local priorities @oticerns becomes an attractive option as it coattbpn
better;

* in the identification of more relevant issues witte subject city and its technology level,
< in framing and focusing on a more relevant sefiteds; regions, or networks,

e establishing a familiar conceptual framework bubiding ubiquitous strategic decision-making
processes,

» covering a suitable range of issues on the peatiemtyanisational capacity of that particular layal

e establishing faster and easier consensus on tleeiped position of the city within a variety of
contexts that are more relevant to the local agenda

Despite these potential benefits, the developmadt aontinued use of a local smart city benchmarking
model are challenging. First of all, better perfanoe is conditional on the ability of the benchnragk
model to capture relevant locally embedded knowdedgd transfer it quickly into the design of the
benchmarking model before it is degraded. Secdmditethod should allow for some flexibility in skragp
subsequent versions of the model due to changintexts. Third, the methods employed should be tble
economically include multiple stakeholders for sdpgent versions, and thus should not impose high ti
costs. Otherwise, this may lead to the abandonwfetite use of such locally informed benchmarks.aAs
result, actions and organisational changes may nmoiweompatible directions and yield irreversibésults,
which contradicts the inherent aims of strategatigpp planning in general (Albrechts, 2010; KottE996).

3.3 Participatory Planning Processes and their use indnchmark studies

As Batty(et al. (2012) suggest, smart cities arh lotomated routine functions serving individuatgons,
buildings and traffic systems, as well as ways #matble us to monitor, understand, analyse andtpéaaity
to improve the efficiency, equity and quality delfor its citizens in real-time.

It is crucial to distinguish between the data-dnivtactical planning approach of smart cities vergus
making of spatial strategies for smart cities. Altgh both are used in successful smart cities, phey
different roles. The former implies that decisioakimg and implementation at tactical or operatidaatls
including day to day planning and servicing of palbdervices and infrastructure. Big data and data
automation systems may improve the speed of thaicaperational planning and improve servicesardli

on them, such as demand management (Jindal 2048).

Spatial strategy making, on the other hand, regumomplex social processes to bring out meaniragfdl
relevant knowledge, to establish trust and legitimand to set common agendas, all of which fore th
basis of strategic intelligence that would carrg tity forward in competitive and risky environmemis a
smart city. Spatial strategy making also monitdne butcomes of the data-driven tactical planning
mentioned above, makes use of them as tacticatsaBsemaximising or minimising social, economic,
political or other goals. Thus, spatial strategykimg requires different and unique resources apaluiities
which are not confined to the responsible authoBtynging together relevant experts or stakehalaethin
very narrow timeframes provides the opportunitycteate higher-level knowledge. They are key soft
ingredients of building intelligence, establishitrgst and initiating actions that would serve foceess,
competitiveness, resilience and perseverance.

Interestingly, the literature suggests that enwisient of smart cities often takes into accountranfficient
amount of social and political questions (Calzad&débo, 2015; Cowley et al., 2018; Hollands, 201&t&K
2000; Soderstrom et al., 2014) while the smartggds to navigate the complexities of multi-fadeteban
complexities (Pettit et al., 2018). The inclusidnlacally embedded knowledge in the design procdss
locally informed benchmarking models for smartedtimay thus help overcome these issues.
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Participatory research design and planning appesaghovide important opportunities in the inclusimin
locally embedded knowledge in smart city strate@kimg processes, particularly in benchmarking éffor
These are:

(1) Better assessment of major issues that areargidor the subject city’s hierarchical networgssition,
connectivity, and internal components (as suggdsidtiealey, 2009b)).

(2) Quick and legitimate selection of a manageanlenber of smart city features that can be easily
incorporated into the mission statements of astatiar partnering stakeholders.

(3) Wiser selection of a set of benchmark citiest thot only represent smart city features but arevell
important sources for learning from best practioesire potential partners for building strategaliions.

(4) Building consensus on strategic priorities vatg to smart cities that might create competitdgs and
enhance sustainability or resilience.

(5) Information economies of scope and scale focassful strategy development.

Yet there are certain issues that have to be takenaccount with decision-making methods. Evemgdar
participatory planning events often include an ewthte number of experts, while a large number of
decisions have to be made, rendering most stalistiethods unsuitable. Non-numerical methods should
involve time-consuming iterations as issues dismdisare complex and reaching consensus at the first
attempt is unlikely. Lastly, locally embedded knedde is quickly degradable against multi-facetdzhar
complexities.

3.3.1 The Delphi Method

One of the most commonly used participatory methedse Delphi Method, used for qualitative evalat
and consensus-building. The underlying principletraf Delphi method is that group-based forecasts ar
considered to be more accurate compared to indilithrecasts. Delphi survey is capable of gathering
information from a relatively large number of sudtge accumulating it, and preparing it to suppbjective
decision making. Since the responses of the paatits are anonymous, individual panellists dornveha
worry about repercussions for their opinions. Casgs can be reached over time as opinions are dwaye
making the method very effective. The Delphi metimdsed extensively in smart city-related workisey
can be used directly for the assessment of snigrdomains or in capability maturity model works$ersant

to smart cities (De Bruin et al., 0. J.; Lee et2013).

As a relevant example, Anthopoulos & Reddick (20d:@hted to explore existing frameworks and theories
of e-government with regard to smart cities andiconthese findings with experts’ opinions usin@alphi
study spanning multiple years while only involvih§ experts from across the globe. While succestfel,
long time span raises concerns, as the subjeciedtisl dependent on rapidly changing technologies a
political contexts.

The use of the Delphi method is a time-consuminghita, also not suitable for making repeated
benchmarks as it might not be possible to bringatisfactory number of participants into participati
repeatedly. The benefit of agility in benchmarkstgms from quickly understanding important priestand
dimensions and taking relevant actions with staldgre, which provides benefits to the subject odgion
similar to an early innovator. Thus, focused amdgitéd use of the Delphi method may be more suitable
Smart City associated spatial strategy-making peee

3.3.2 Grey Relational Analysis

The Gray Relational Analysis Method is used for etioal evaluation in participatory processes. THRAG
Method is part of the Gray System Theory proposed.b. Deng in 1982 (Kuo et al., 2008). It is a trul
criteria decision-making model, which is utilised ranking, categorisation, and decision-making. GRA
known to perform well with small samples, and thkglation process is simple and easy, which milas
ideal method for the highly challenging Smart Gitsategy-making processes. As provided below)atna
selection of maximisation, minimisation or ideafisa objectives.

A single value is calculated for each alternativecision according to the values attributed to each
benchmark indicator (criterion) taken into accoduating the decision making process. This allows the
reduction of the multi-criteria structure into aglie and simple Gray relational value.
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A five-step calculation process is utilised to dftthis value: Data preparation, the establishrmana
reference series, normalisation of the data sétuletion of the Gray relational quotient and asegemnt of
the Gray relational rank (Wu, 2002). These are destnated by x,y,z,e,f,g below.

GRA alternatives xi and the criteria xi (k) are qauted as in equation 1 and equation 2:
Xi = (.X'L(l), xi(z)r xi(3)r lxl.(k)) (1)
k=123 ..,nvei=1.273,..,m 2)

In the next step, an X matrix is established faerakatives to be assessed in the multi-criteridsaat
making problem as in equation 3.

x1_(1) xlgn)]
Xp(1) e X (1)
The matrix X consists of ,m" alternatives and nenia relevant to the problem in question. Thusrtiarix
is also recalled as the “Decision Matrix.” A redace series, which is a hypothetical series, abéshed by
the utilisation of the Decision Matrix. The serisestablished by using the best value of eachrwit. The

reference series is given in equation 4. This vdstthen added to the Decision Matrix to acquire atrix
given in equation 5.

X = 3

Xo = (x()(l)! .X'O(Z), x0(3), !x()(n)) (4)
xo_(l) xo_(n)]

xml(l) ' xm.(n)

The criteria found in equation 5 may be subjeditferent scales and thus are normalised to bedfseale.

In addition, the normalisation procedure narrows/ohe transition interval since the series locatethe
matrix may have a wide “transition interval.” Thi®rmalisation process is called as “Gray Relational
Formation” (Tsai, Chang ve Chen, 2003). There hreet different calculation methods according t@ehr
objectives during the normalisation process: “higkebetter,” “lower is better,” ideal value is tat (Wu
and Chen, 1999).

(a) If the expectation is that the higher valueb&ter, then equation 7 (as in the case of caloakat
associated with utility)

Xyeui = [ (5)

x; O (k) — min x;© (k)
mak x; (@ (k) — min x; (@ (k)

(b) If the expectation is that the lower value ittér, then equation 8 ( as in the case of caioulsat
associated with costs or errors)

xi(k) = (7)

mak x; (k) — x;9 (k)

x;(k) = 8
(k) mak x;(® (k) — min x; @ (k) (®)
(c) If the expectation is that the ideal is bettkeen equation 9.
() — 50
x; (k) —x
xi(k) =1 () (9)

" makx; @ (k) — x0

After the normalisation of the criteria in the némew matrix, the Gray relational coefficient is @alated.
Gray relational coefficient is used to assess hearrs the xi(k) to x0(k)'. When the Gray relatibna
coefficient takes a large value, it is an indicatmat demonstrates that xi(k) and x0(k) approa¢besach
other. Equation 10 provides the formula for theekition of Gray Relational Coefficiefit.

% x;(k): Gray relational valuenin x; (k): x;© minimum valuemak x;(© (k): x;(® maximum valuex® : target value
d: |s a distinguishing coefficient and takes valuesaeen O to 1.
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Amin + é‘A'max
Aﬂi(k) + I(5‘1\‘1111195

k=123 .., nand i=123,....m nmeN (1D

Gray relational degrees are determined by the matrat involves the Gray relational coefficient
calculations. The formula to calculate the Gragtiehal degree is given in equation 12. The Grégtiomal
degree is determined by the calculation of the nué&Bray relational coefficients of each alternativ

1 n

rCco ) == 3 ¥ (o0, %: () (12)
k=1

r(x_0,x_i),represents the Gray relational degretsvben x_i and x_0. The alternative with the higlaay
relational degree with the reference series isstr@s which is the most similar series and theeeif® the
best choice (Kuo, Yang ve Huang, 2008).

y(xo U, x; (K)) = (10)

Veri Kimesinin Hazirlanmasi

Gri iliskisel Katsayinin . Gri iliskisel Derecesinin
Hesaplanmasi ) Belirlenmesi

Fig.1: Process of calculation for Gray Relationablysis (GRA)

The GRA is an efficient method as it does not nexjgreat computational power or sophisticated sarftw
and it operates with a low number of cases andge Iset of variables, where results can be providiedst
instantly, during a participatory meeting sessipmviding strategic advantages over other quaiviat
methods. It is possible to quickly create a ranldhgmportance, which, can then feedback into ttedpbi
Method in iterative rounds within minutes. In swchvay, it allows a more reliable, valid and ecormmay
of designing and developing a Smart City Benchnmay kilodel.

4 THE CASE OF ISTANBUL SMART CITY

Below we provide an example of the proposed prooesbe case of Smart City Istanbul Benchmarking
Model Development work, which was executed by ththers of this paper from Urban Policies Applied
Research Centre of Istanbul University under thegesusion of the Greater Municipality of Istanbul’s
Directorate of Smart City and POE ISBAK (Istanboformation Technologies and Smart City Solutions
Corporation).

Since the 1990s Greater Municipality of Istanbud ba@en investing in the intelligent, digital seedgcand
supporting infrastructures. Recently, these effaresstrongly upscaled as the city has become partant
international hub in finance, business, transpamt] ICT industries. One of the most recent eff@tthe
Smart Cities Program which covers a range of di&/ifrom developing a Smart City benchmark model t
the assessment of the metropolitan city with Matuvlodels.

The Greater Municipality of Istanbul has also cossitined other benchmarking works previously. As an
example, last year an assessment and monitoringlmas$ developed by the authors of this paper gran
serve Istanbul’'s development as an internationalitial centre with a higher quality of life.

Benchmarking works are important for Istanbul aksaof spatial strategy making and urban plannaug f
significant challenges due to the sheer size antptaxity of the Greater Municipality of Istanbuk well as
due to the diversity of stakeholders in a 16 millicity. Conflicting agendas leading to incompatible
directions have often been an important concern. t@n other hand, meticulous encouragement of
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participatory processes in various stages of cosionied works by the Greater Municipality of Istahbu
itself has enabled a suitable atmosphere for éffecpatial strategy making. Still, time is invailm in
Istanbul, requiring effective and agile approadioeigcilitate participatory processes.

4.1 Smart City Monitoring System Development

This emphasis on participatory processes has asm Ilpresent in the recent project on Smart City
Monitoring System Benchmarking Model Developmeneaited by the authors of this paper. The applied
research team employed a variety of techniques hwiscbelieved to have improved the participatory
processes in at least six ways:

* Improvement of the richness of information providedhe participatory process,

» Establishing trust among participants and praciéie by providing an up to date literature survey
which associates domains and practical organisatforms with the Smart City Agenda,

« Improvement of communication across a wide ranghedérogeneous stakeholders in a relatively
limited amount of time,

« Eliminating indecisiveness, fuzziness, and incdaniges that arise during large participatory esvent
which evaluate, discuss and decide on a mixturetmaitegic and tactical aspects of Smart City
Monitoring activities,

* Pragmatic and economic transfer of a large vanétpinions and decisions into the development of
a set of benchmarking indices addressing a vaoieBmart City domains,

« Provide adequately deep but small enough datadtaigua set of indicators to inform Smart City
Maturity models to be developed at later stages.

Reducing the costs of updating and increasing #lidity and reliability of the benchmarking modehiah
opens up opportunities for long term assessment emaduation. Furthermore, participatory processes
achieved some gender targets where around 40%tefex experts and 50% of executive teams consisted
of women, including some top managers at IBB aRAIIS.

4.2 Focused Literature Survey, Text Mining, and Selectin of Benchmark Cities

The team employed text mining techniques to a tginty evaluated body of existing indices or monitgr
reports providing a strong coverage of importamoepts relevant to particular domains of the Sr@ast
paradigm. The synchronous literature survey didsotgly focus on standard Smart City domains bilera
functioned to enrich information and deepen undeding of identified domains. There were nine key
domains identified as necessary by the associaedrtinents of the Greater Municipality of Istanandl its
enterprise ISBAK. Initially, a total of 311 indicas were selected as the most relevant indicatithssmart
city domains and covering these nine functionahsr®y iterative steps of evaluation between tkearch
team and IBB and ISBAK teams, an initial set ofcies from the world was chosen as cases to bedad

in the benchmarking model, depending on data dvliilg institutional priorities and opinions of dier-
level management.

4.3 Utilisation of Decision-Making Methods for Dimension Reduction, Weight Assessment and
Computation of Benchmarking Indices

After the literature survey, text mining and secanydand primary data collection, a participatoryrkemop
was held by the participation of 85 experts (of akh#0% were women) from diverse backgrounds. The
level of diversity was arranged so as to covertt@l nine key domains and represent relevant academi
public, non-governmental and private stakeholdEng experts were chosen so as to attain gendelitgqua
in the best way possible, given differences acagsslemic disciplines and professional positions.

The workshop aimed at the improvement of the regadion power of the benchmark indices and
establishing a consensus about the content aciftexgnt disciplines and professions and acrostitini®ns.

Both the Delphi Method and the Gray Relational Asml were used iteratively to extract locally endbesdi
knowledge and reach a consensus on the contendiokes representing selected Smart City Domaine. Th
Delphi method is employed because it assumes toapebased forecasts are more accurate compared to
individual forecasts as mentioned above, which besa concern where the subject topic is complex an
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information is incomplete. The Delphi Method rebsvpanellists from worrying about repercussions for
their opinions since the responses of the partitfpare anonymous, and consensus can be reachetihowe
as opinions are swayed.

First, the Delphi technique was employed to pratlficevaluate information and quickly provide feadk

to associated participants to improve their denisiaking. The participants were organized accorting
domains. In contrast to Anthopoulos & Reddick (20X6e method was used to returns within the same
session to facilitate the advantages of time-sav@ignilar to the work of Anthopoulos & Reddick (B)1
participants were allowed to offer new indicators the first session, which were not present in the
preliminary work of researchers. This helped in fihe-adjustment of the focus in a very short timiken,
another grading was allowed. After the final grgmading of domain indicators, there were 311 inticzain
total for further assessment.

Then the next step started. Following real-worléregles of strategic plans in Vienna and Seoul, the
research team set the objective to decrease tje $&t of indicators to a smaller, manageableFsetthis
purpose, the Gray Relational Analysis method wasdudhe participants were asked to evaluate 310
indicators in terms of their importance, which,rthead to a ranking of indicators. A Likert scalasaused
where a score of “1” indicated that the indicataswnot important and a score of “5” indicated tinet
indicator in question was very important. Aftergtiastic procedures, the data set has become suitable for
Gray Relational Analysis to evaluate the importapicimdicators. The morning session was then cotagle

In the afternoon session, overall results were ideml/to all experts and a participatory discussioth a
time limit was allowed, similar to a Delphi Methdthen, participants were asked to grade the impoetaf
each of the nine domains over 100 points. The ngn&f the importance of domains established thés lias
weighted calculations. The results were presentectal-time to all the participants. No objectiomsre
received to the ranking of nine domains and thegutare was stopped and the workshop ended.

After the workshop, indicators were short-listed thye research team, through a complex process of
negotiation. These were the important factors enelimination of tens of indicators from the model:

* Presence and ease of collection of data,
« Data availability for the subject city Istanbul,

« Ranking of each indicator, based on the Gray RelatiAnalysis of indicators by participants in the
workshop.

As a result, the number of indicators were reducech 311 to 143, spanning in nine domains. Thia is
higher number compared to other indicator systesesl in Vienna and Seoul’s strategic urban plaiis, st
easily manageable.

The overall Smart City Benchmark Index was compuigthese 143 indicators in 9 domains and the fise o
weights provided for 9 domains by the Gray RelatloRanking scores obtained from the participatory
workshop. The benchmarking index was calculateddianbul and 45 world cities as data for otheesit
could not be reached. Finally, it was agreed bye#gxgupervisors and the research team that the
benchmarking model represented the relative posifdstanbul against other smart world cities.

As the methods and approach employed in the overadless were in general found to be suitabledyali
and economic by the commissioners, a monitoringn plas suggested. The plan incorporated repeated
cycles of updating the list of indicators and therature and a re-assessment of the new set waiods
through the use of the same approach every thias.ye

5 CONCLUSION

One of the lessons learned is that the involveragBmart City domain-specialised teams of praci#is in
the design of participatory processes enhancegdhsibility of inclusion of highly informed partmants
that have deep information in the embedded probkemasfuture potentials of the city concerning aalalg
technological choices.

A second lesson learned is that a large varietgfofmation can be quickly evaluated and incorpedan a
participatory process without compromising the guaif decision making if domains are based on d-we

®> The details of such procedures can be shared nggprest. They are not provided here due to conssran page size.
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matched combination of empirical and theoretidakditure as well as existing organisational stmestwvith
the precondition that there are not strong inforomabarriers between these domain-based organisétio
structures that allow flow of information and joatecision-making processes.

A third lesson learned is that learning by doingaasses enables practitioners to provide rich local
information to researchers and enable negotiatiomcgsses which help eliminating empty signifier
problems. This enhances conceptual frameworks girooutual cognitive processes, eliminating riskemh
larger groups of stakeholders are included in &rrdteps of building decision-making models and thypen

the road to mutual intelligence.

Notes: This study was funded by Istanbul Universiith project number BYP-2019-34511.

The Smart City Benchmarking Model Development Riofer the Greater Municipality of Istanbul was a
public-private-university partnership research deglelopment project. The Project’s official codamner
and name are as follows: TTM-KAP-2019-11"“City Bemeltking Model Development Project”. Please
contact the authors for further information.
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