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Abstract

Quanti fication Mod
ofSmart City Devel opmer

Usi ng Structur al Equat

C®Bne Mt col as
Department of Civil and Envi
The Graduate Sc!

SeoNiat i onal Uni ver

I n recent ypragjheacviesnar mawai sygni ficant

initiatives for enhancing Mamywnstdedied D pn

have incorporateddcthedltrail caelnadhneér son o be:
design, pl anning, and progress managemen
considerable efforts and achievement s, t

cityeesmabh urban performances have not be
Thus, due t-ddepthhsqgbacki DFfcanr blanaadnedr sunder
encounter di fficulties in establishing

successful dreav dl ccpmemets .ofTos address this



has used Structural Equation Modeling (SE
smart cities and to quantify their dynami
on the perf or maviore spacifically, the authtepptied SEMe s

to test and estimate the relationships between four enabler clusters (i.e.,
technological infrastructureppen governance, intelligent community, and

innovative economy) and four performance objectives (i.eficigicy,

sustainability, livability, and competitiveness) using the actual data of 50 smart

citesThe statistical retsaudhrsi da&lmoersd lylad re dc It
open governance, i ntell i gemyt) ,coansmuweltly, a s
the technical drivers (i.e., technologi ce

on the performances of smart cities with

dynamics. The high percentage of wvariance
whi chd vfarrdam about 71% to 919%, was i ndicat
Based on those mathematical findings, ut

pl anning for smart city transitions throt

KeywarSdar t City, Project Management , Ur t
RegenerDaetvied o,gmambil er s, Performance Obj ec
Equation Modeling

Student : NuBthledr5
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Chaplerl ntroducti on

1.1 Research Background

I n recent ypBrno gsheacviesnarretc edivteyd consi der at
from urbahRi gemndRdsdadraheo sphiadehi gh att el

smart city(&egalTendidbe 8@)ss bmasasubani wat hon

as the new nor mal , cities evotrddwrdei che e
better quality services, revocdarhd ze econ
environmental i ssues WwWhAHwe netidaar@iDb@g; oper e
Si levta, aROMe8t)r opol itan infrastructures and

bei ng stor etthcehherd H rMaaxleiamda RpO®ls3nt epor t ed by
t hkni ted Nat i &v2hwdrOlldbds popul ation will
ur ban areaassgabhnws05® % bDheke i mr 03 00c&.i ons

i ncreasignmlpgunt h otoeintgiaegse | mromaerctt sci ty

"Smart City" Interest over Time (Google Trends, 2018)
The number 100 represents the peak search volume
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Smart City-Related Academic Publications
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Fi gurlec ald. e2mi ¢ DAetvtoe cetdBmar t Ci ti es
(Adapt é&d , f Wamg, Luo, & Li, 2018)
Even though the idea of smarts,cities w
there is stildl no universal (dAdgtbe ammertt co
al ., 2015; United NatibBmem 2B®d4d6bed¢imnieng

thinkers agreed to characterize them as i

performances, s utcthe aesf fqiucaileintcyy ooff [luirfbea n
economic coMmMpatratl| vhEek;s Silva et al ., 2 C
However, despite numerous attempt s, t h

accepualedt o tihke patahkkh oawfi edgment of f undamen
and the unclarified inf(Cbooeabf techhol c
Hol | ands, 2008; Ndohrmeré& Raedoum20dls) i nter
smart ctihtei edse baantde r emai n g Meadrjteirc & aBroll y¥ vfar
2016n 2014, the I nternational Tel ecommun i

definitions of smar tFocri ttiheidsawetrbes ounsletdy i n



to i mplement and govern smart city progra

in acd dNemiratti, De Mar co, Cagliano, Ma n
Ruhl anditT,huz018)he | eaders of smart citie
enhancing urban regeneration in develope

in devel op(ibngi tdeaminreN,ati2edsLl 6 ; . Ruhl andt |, 2018



1.2 Problem Statement

To harness t he full potenti al of S ma
devel opmentmamnfagemeear e sttt r atsegissenti al to
enabl ers comprehensi vekygonanygcami ssimban d

humans @aeaddapg,i t @ n goveandnqgaantify their

effects (i.e., direct and indirect ef f ec
(United Nations, 2016; Ma.ccani et al ., 21
However, since sfrmaom tcedhmrel owgiigdlnad é\:

(e.sgnart grids and the Internet )of Things
early studies overltekbdaichéeé iempbdit eascean
rather on the evaluation and( Adraingii,ng of
2006; Batty, 199%7;r Kihticshirnda sPoOalndd)aPaoddi n
(20,1185% of -dtreeeemn @ludbgy ¢ sector projects
objectives in practice. This indicates t
intelligent surveildammcet whda ht rva demwl| aanntael
from one wurban areasfoganhbehdmfclalehoes
factor s, such as wurban policies and the
( Nam & 2Palrldog, Nei rot ti et al ., 2014 ; Str a

Ther eéfnoroer,detr hfead lauwei dbf s méeratt oiatny bieni t
caused by rseakethan dearrnsyd rcehsaenggrec her s have
considered tha eefifiiecals ®mabdaemrs t hat c
technol ogi cal drivers in their attempts

policy médhagemedbuet 200617 Rit©G2a0l2.5) a



For exampl e,Briini 88146t andaekdewlledged ut he
i mportance pohfy siinétaelaglr,adtidspyds theaomsa e uccessf ul
smart city devel opment

Despite the extensive efforts to wunde
enabl er s, the previous methods did not f

effects of smart city Fmrabdxamploea, utrtbea nu:

technology iag. smamttercndti esf (Bhings) | ead
gual i t(yBrodun idte al ., ,D@ilt8;allJsad nc aeent iampr,o V2
l' iving environment indirectly by first e

data generati onHoawedv ema n atgheonseent g f. f ect s h
integrated foguanbompieehbhengé effects on
pef ormance Tdhijsectiisvest il lundlRalslhemgi ng t
devel opment dynamics of smart <city proje:

Due to this |l ack of complete understan:i

in establishing proper st roaft esgmaerst fcoirt itehs



1.3 Research Objective

Theri mary obj ect igwe ntahdeftyhainsi cp aepf ef re citss t(o
direct and )bophdsmaerntabelfetrgsctcesn ur ban perfo

applying Structur al Equati on Modeling (S|

The specific objectives to achieve the

1. ldemt irfaynge of technor eolgyt,egpoenalyl, easnd
can coktpyetf ohmances of smart cities
2. Col lceocrtr e s puarbchinngdat a t o cmoedaetle a da

devel opment
3. DevelnSgpMased quant itfaiscsaetsisy mtahmeod e |
effects of smart city enablers on wurhb
4, Eval uate the modes$foapd!| e acisanart he r

cipglyannidnegs ipgro,gmamage ment .

The devel oped assessment model i's expe
(e. g., i nvest ment prioritizatuobamn smar
stratmagiagtemahpodiitcy i mplications in orde

prepar ednensssi tfioorn st htdoh isemaawitl Icialilesw s mar t
reach their target performance objecti ve

strategi es.



1.4 Research Scope

This study was conducted on a sample of 50 smart cities in 37 countries,
as depicted in thgeographical distribution iRigure 13. Thoseaspiring next
generatiortities, which are among the smartest cities in the world (Easy Park,
2017), wee selected for incorporating diverse demographic, geographic, and
economiccharacteristicg-or instanceaccording to the International Monetary
Fundos Wor | d Economic Outl ook Dat abase
comprises 12 cities in developing countiies., Medellin in Colombia, Kuala
Lumpur in Malaysia, and New Delhi in Indim) which complete awarenesf
the smart city concept has yet to be establishbsw, o the 50 cities, 21 are in
Europe, 12 are in America, 9 are in Asia, 4 are in the Middle East, 3 are in

Oceania, and 1 is Africa.
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15Research Process

The rest of t heaspdp€h opvieexrptl DU @tsu raendd
revitehve exi sting st ukddtelse tihdad n tairfei aetlieormman
city devel opment enabl ers and the quant
perforNaxctlse research framework that qusea
smart city upmeéermfgor Inamwetsur al Eqiuati on Mo
de s ©eid Ch apltheern, 3 Chamalewne4 di s besses
experimenttddeEMeallysssapahdcappridessnesn taerde
i n Chabpitrea&lhlay,tceornc6 udes the paper with ¢

future studies ms oMeltlhiass dgthiedy.i mit ati o



Chap2leirterature Review

2. lldentification of Smart City E

Smart city projects have unique charact
conditions and performance objectives. F
identification and quantification of ena
smart cities are fundamentally importan
pl anning and devel opment. Thus, many r e
attempted t o piade retniafbyy etrbse ofgr ismmairt ci ti es

In the eahéycotpgreate sphbatyg (ecasedCi
on t he significancedi andlpnbiaemeanfaitti o n ofan d
Communication Technologies (I CTs) to mod
critiAlukeidno netHodll .an(dS0&PPDBo)f ski. et al . (

However, although technology is recogni
ci t(iZegggi ar,i si,t 2s6hlo3u)l d not b(eNacno n& iPdaerrdeod, a s
2011al)n preyiChwsrsathudie@dean dagal2f0 183 pven

found that the impacts of I CTs on urban
citizens®é lives are unclear and question
caref ul preparation of urban usowneéeexts
governance) , | CTs coul d i ncrease i nf or me
digital divide.ddni pmreacts maernt coirtpioegat esu

South Korea and Masdar Cihtayneisrs etdhd h@nirt e

gr owt h odbejsepcdttieveusndeni abl g et.tepclhennod toigd sc,a l

9



sensor REtslyosrtkesms, apmai madadseas SGowngdo)
because they failed to consider the wide
civic enfdPd de montet al ., 2015; Calzada & C
Based on those filnldeicntgsv,el e saecakrncohwel resd
i mportance of i ncorporating smart city
techni catlecahnnd cradn dri vers when planning
for smgrmMacciatnieet al ., 2013; Nam & Pardo
2017)The i mportant -udmMsaah eitakens2848e
& Campol argo, 20130 1a®idmotnhod siknm f leuwe nacle.s, o

management , pol i(Agyeveaedd Gonedeatiean al ., :

Paro, 2e0slplebc)i al ly were highlighted.

10



2. QuantificatibinrBfft €&ntad | er s o

Recent stadgiaesd lawater attention to ex

information from current trends in the de
have made speci al efforts to quantify en
smart <cities in ordefr gol isuyp pmanadgeame mtat
cities.

Recent studies have independently quant
and -tneocnhni c al enabl er sFoon ewfaangpnirepet f at ma

(20u6gd the Analytical Hi erarchy Process
i mportance of si x sditnheen speornfso rtnmaantc eisn fal fu es
A hierarchy between smart environment al

economy, and governance was found to inc
required for maki(fifgha rs a Atb daiil A Matd rekke a 12i0t
approach, @arogpplsied etyusmdeéd RISt i cal an
anal yses t o under st and t he direct i nf Il 1
demogrmaghsaeciaal variables) on the economi
in Europe. This study -aekhaoawktatigedabher sf

as creativity and the |Meierl st (dfod etd uacla.t i o

applied |inear regression analysis to id
geographical, ur ban, demographi-<cal, socCi
related proxies, directly affect t he dej

resultsthadi catkdol ogy devel opment al one

successful smart city.

11



Recentl vy, in line with the A100 Smart
I ndi an gokeonamgonmat8et qalant(20k9) the rel
i mportance of smart <city development fac
smart city. They wused Totall Tl S8Mepr pretat
classify the selectedsdeictomrommi (ce .pp.t,endam
mul ti modal accessibility, and public par
interrelationships, and they used the fi
el i giYmidlaivt y2@ 1 @9le.d (hybri d Best Wor st Me t
I nterpretative IStMudtour alenMadel itrhge (i nt en
ofsmart <cityj uesntaibflyertsheainrd Tine eresllat $ one Wi

t hat sustainable resources management ,

advanced research, and keyelelhiappertr st mdn g
devel oped framewor k. The successful exec
can assi st smart city practitioners in
China).

12



23LIi mi t @affi Quanti fi cation Strateg

The existing nstpudoineissihnagv er esshuolwt s i n t he
t he effects of smart a@iptly ciatniaphd keircsy f or
managehoewtever, despite remar kabl e findi
guestions mu st be addressed i n order t

devel apmmesmi ¢tHhmart cities.

One maj or i ssue insaitohoapts irdeesrecadr cthheer se fhf ae
the individual relationships (i.e., dire
on the overall performancet of asmauhnt ci h
complex dependencies (i .e., indirect e f

relations between the enabler clusters ai
For i ngsdvaenrcreme ntarieniithpactdanveenst ed t o i mpr o\
[ i viviigr cennment (i.. el.n omaretctcietfifeese,t )t hose
enhanced ycli@l (me.dg.a, communities can al
forms of governancl Chnod rarbd ateer ade mo c2rOalc:
2014)Ther et bnier digiyae€t ugnces the quality of
t hr ompem gower hherceedi at orHdwe ver,, itndogsec
dynaenfifcéct s. , direct hamd notdi been ehtegrt:
comprehensive Thuantiiddwet ildmit s t he pr
applicability of t he previous findings
management since t he aforementioned i n
under st andi ngs nahretg rdayimttaymi cs o f

Those ' i mitatewvneushasgstudieeds ptro ma k e

13



advancements in the formulation of a new
design and planning of smartthicsi tpeeper To
proposes an assessment modelecthatf feoctsrp

of the enablers of the development of sm

14



Chap3@uantification Model De

3. Research Overview

Fi gursdho3vsl t he research framework that
i nvestigate how enablers, directly and i
smart Thet Ffeamework comprises two main pr

First, t he research modebnaodveast eeds t abl i
extensive |iterature review, specified t
thestablished poamadngd et hced mnsadrlh igsoaltehssu d vy, t
researshraeami cally disting@ulesmmeéd erwo | a
cluste@speafdr mance objectives) to furth
relationships (i.e., within a thger) and
t wloay.er s)

Nextto, test the hypothesized research mo
and pedcdedtaiatia of 50 smart cities for u
anal ydAifreodel estimation (e.g., estimati ol
completed, fit assessments wemedebnduct ec
i nconsistenci es aamodnagt itone sltVesp., Tihne whi c h
modi fied and updat ed;mowlaed rfapgdeavaesd gwmotdi le
to represent the possible (dymaAmiuc s of sn
Lawati., 2010)

15



Dynamics of Smart City Development

Latent Variables

Specification
@ Enabler Clusters &

Performance Objectives

Start

Research Model l

Hypothetical Model
Establishment

Internal & External Paths
[

v

Data Collection &

Processing
Structural Equation Modeling
@ Model Estimation  [---{ Model Modification
Quantified Effects +
Quantification v
NO
Method | <T_ Model Fit? _>-----m-mmmmemoeees!
Yes
Valid Smart City
Development End
Dynamics

Fi gurRes3ealrch Overview
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3. Ratent Variables Specification

In this section, t he authors conducted
two | ayers of centr al LVs in smart <city
performance objectives. In SEM terminol o
that are inferred from observed variabl e:

3.Fmart City Enabler Clusters

To understand and identify practical €
smart city, t he reaexdrentsi vteami tenduot ed
commonly applied search engine, Scopus,

peeeviewed publideadati ehsevahtti pfrowvinati on.
l'imted to subject areas that were high
engineering, project management, deci si ol
the exploratory screenimgraeaft ati intelded oand u:
analysis 35 papers that discussed the de
To identify smart city enablers, these p
|l iterature analysis and combirnfeé&d | the fin
Garci a, Pardo, Tk dNaetngect20rlédundpeciyt b econ
enabl ers) and reach information saturat:i
over the( RBRbewadbrrGuedeAseta alesul 2018)L ar
were aligned with the purpose of this r

consequentl vy, 17 t yoteeratbil &lr s smeaerte @extr a

17



di mensionality reduction was required toc

mode( Hagr et ahe,regdetedjyghltiakmdsdmantdieaal

enablers to four principal l atent wvari al
studiCasur abi et al ., 2012, Mathawi et al
were Technol ogi cal Infrastigenutr €om@paent
and I nnovative Economy.

Theuprinciopasatructs could be explained
enabl ers, asTadllemBrrsed Tachnol ogi cal I n
decompmnged the foll owing fiCdeaitlahinliictay, ¢
| CT performance, | CT, ad €D r dddypdii tbayd I CT

Nat iroenpsor t (2016) al so suppoaoartt edr boaur fi

digitization requires availabl e, ef ficie
Technol ogi cal | nOparst Gocvwbhnehc&d&etensd, t o
governanceambideé!l t hamgages <citi-zens in

maki(nynited Natiisonsui J@ YV &rproment ,transpar ¢
admini strati enadcfefthiodidemc yaar twied il patsi cwront e
strategiedi aadgrpesmglp @d nakrests for smar
tran)(iRuhdnmandt , 20187 hiSh dtveal leitg eanlt. , C 02n®miu8n)
can be divided iemtwons$civeudsneabrieeartsi,viit.ye. ,
di gital (piro& ggh @lnlcwa raennde seso)c,i adnadacfohesi on

citi(Mamani .etFadr.t,h,20llBpovati ve Economy
the unbawati oheegosyrseggeul at or y afnrda mewor k
the innovation fthieamduesst rbfroobusgthit hiennd ust r i @

revol(uet.igo.n, di gitizati onhand eamt iifnincoivaalt i

18



refers to the capacity to exploit | ocal
ur ban vigtralwitthy andis noteworthy that tec

any contri but(iChmutrabiinredv atli.gn 2012)

Tabll&Emar tDeCvielyobpbmeniter s i n Literature

1=} o] (o) S o &) ) 1=
c >
E = - = o = = > _
. c ? @ - o 9 & g —_
Enabler o Smart City z - > 9 s — 9 _ 0
Cluster : Enabler N 2 = < 3 O =
201201201201201201201201201201
1 I CT Avai 0 0 o] o] o] o] o] o] o] o}
_ 2 I CT Perf 0o 0 o] o] o] o}
Technological 3 1CT Affo 5 5
Infrastructure
4 I CT Sec o] o] o] o]
5 I CT Ado)| © o] o] o] o] o] o] o] o] o]
6 Gov. Tratr 0 o] o] o] o] o] o] o]
7 Admin. E 0 0 o] o] o] o] o] o] o}
Open 8 Env. I n o] o] o]
Governance
9 Public Pe¢ 0 o] o] o] o] o] o] o]
10 Digital o] o] o] o] o] o] o] o] o]
11Eco Consi 0 0 0
. 12 Educati 0 o] o] o] o] o] o] o]
Intelligent 4 3 creatin 6 5 6 6 6 o6 b5 o
Community
14Digital o] o] o] o] o] o] o] o]
15 Social C© o] o] o] o] o] o] o] o]
Innovative 16 I nnBwosy: 0 0 o} 0 0

[e]

O«
O«
O«
O«
O«
[e]

O«
O«
O

Economy 17 41 ustRa.«
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3.2mart City Performance Objectives

According to the European I nvestment B:
di fficulties in evaluating smart cities
convert the benefits of a smart <city i nt
conceptual if patmanrc eamdiamearn fi cati on, smart
be decomposed into more quantifiable perf

remar IChdubywbi etitalis (i20tlRi)ti ve t o char act
an icon of sustainability and Ilivability.
However, | sattcihonr eif s not exhausti ve. T

performance objectives of a smart city ex

a bibliometnildépenalt i yesnal odefinitions of ¢
from academic and practical studies, con
using Scopus). Thereby, the authors wer

various perspectives of different stakeh

Assummar i Tzacbd2ei n t was observed t hat re:

emphasi zed t he need for Environment al
Competitiveness, Ur ban Livability, and
conceptualization of t he pnevrifroornnmaennctea | o f
Sustainability is attained through wiser

| ooavar bon dcdAnnamypl)us Sekoddd) Economic Compe
designates the urban capacity to thrive (
and econorniLo mpraorwttiahnnoGi d&car ouh.,, ®hiYodsef,

Urban Livability characterizes the qual:@

20



healthcar e, f hwde -bhkeoi unsgi nogf) caintdi zens i n met
(Lin et .alFourebBlolUrban Efficiency compr
regular city operations ((Si.lgv.a etr aalf.i,c 20

Through t his anal ywasplda heoredeatchyt

performance objectivesut blagma dpgsrimmat i | vy ar

Tabl2z&édmart City Performance Objective.
c .- T o - é‘.'\ o ; Y 5 N
s o2 le88C-8° o7
No. Performance o § & 5 _ I g S >
Objective a % o O _é - S f = T -
S5l <a 2o
1 Sustainability ¢ 6 6 o6 o 6 0o o 6 6 0
2 Competitiveness o] o] 0 0o 0 6 0 0o
3 Livability 6 6 06 0 6 6 ¢ 6 6 6 o O 0O
4 Efficiency 6 0 o 0 0 0 0
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33Hy pot heti cal Mo d el Establ i shme

I n order to integrate both the direct
medi ated) effects of enabler clusters on
to identify the caueeaght ebbhoiremseht penbdt |
four entawdseramrd ufsour performance objecti
direct rel ationships | apboetlheeds i fzream Hhet @
di agram igr &phgiuc &lsBwdpii shpltauyeshces wi th st |
arr ows. Speci ficadtltyesetshei ncésaear cthhrieep
relationships as foll ows: (1) 16 externa
to smart city per8iortnmrnicael oefjfeeccttisveasmon
enabl er cl 8isnteersnalanidnf(l3enckejseamowngs per f

By definition, it is believed that enablers havpositive influence on the
attainment of smart citgerformance objectives. Therefore, it was legitimate to
establish 16 external causal relationships (i.e., H1 to HEgure 3.2 oriented
from the four enabler clusters towards the four performance objectives.

Then, a comprehensive literature review was conducted to capture the
directions of the six internal effects between enabler clusters (i.e., H17 to H22)
selectively. For inmnce,Paskaleva (2009)osited that the use of technology
(e.g., open data, -governance) createa progressive, transparent, and
paricipatory governmenpublic partnership (H17). The use of technology
(e.g., elearning) also empowers citizens by establishing an environment that
improves cognitive skills and abilities to learn (H18) and to innovate (H19)

(Komninos, 2006) Then, the policy context that is derived from open
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governance creates conditions that enable innovative urban development (H20)

(Ruhlandt, 2018)In addition, a smart city can be charactedlias a platform in

which the creativity and intelligence of citizens can drive open governance

(H21) (Kitchin, 2014) and a <cityodos ability to raise
on knowlalgeable and creative human capital (HZ3)giaris, 2013)

It is believed that the six remaining internal effects among smart city
performance objectives can be classified as common sense (i.e., H23 to H28).
For example, citizensormally expect to live better in a city with efficient
functions (e.g., transportation system) (H24), sustainable living environment
(H26), and dynamic economy (H28). Smart city programs can also
simultaneously pursue conflicting goalsties around thewvorld encounter
difficulties in reconciling the needs of immediate competitiveness with- long
term sustainable developméRtonfaredzadeh & Berardi, 2013 this regard,

a negatie influencecan beassumed (H27).

To represent the indirect effects, both internal and external effects must be
constructed and integratedtdonthe model.The indirect effect of an enabler
cluster A to a performance objective B is equal to the sum ddftbets of the
pathways that connect A to B by involving at least one mediator variable (i.e.,
the direct effect is excluded). The effect of each contributing pathway is
computed by multiplying the path coefficients along that path#xayinstance,
the irdirect effect of Technological Infrastructure to Urban Efficiency is
calculated by summing effects of the following paths, i.e., Hi5, H17- H20
- H13, H18- H9, H18- H22- H13, H18- H21 - H5, and H19 H13 while, the

direct effect is simply represtu by H1(Figure 3.2.
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Economy

Intelligent
Community
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34Structur al Eqy &tEMMQn Model i ng

Since the ei gritgulrVese 3sLhRoswanr aitnher t han o
vari abl es, SEM was used in this shagyeto
the research team reviews the gener al ap
specific SEM strategy implemented in th

Squar eSENMPIiLtSer ative al gorithm.
341SEM Process

I n recent yearme, iSIEMehabsngleycopopul ar

management and e \ii e e rLiankga tAil easse2alalcOh)

statistical process wused for guanti fying
vari ous unobserved LVs that can be infe
Initially developed by sociologists and

statistical met heknowhedhpad particul arly
guantify complex effects among multiple v
errors éMbéeupsaR0 Y7 ;etQuarRedslibi)

By definition, t he pamwameatthe rsme d@d NurSeEM a

unobserved variabl es (LVs) from measur e

coefficients to indicate the direct ef fe
anot her LY assumed to be an effect. Thos
coll ectedadaahtehnaughe application of «cc¢

(CFA) and path anal yymocdelr®spieced.i vetllye mea

mo d e | and the struenturlal conmded ge e g uire &«

25



LV - Latent Variable Measurement Model (2)
X : Measurement Vanable By 8 83
6 : Measurement Error in x

® : Factor Weight

. @) Oy O3
p : Path Coefficient
{ : Latent Disturbance
7l B 2 Bs 3
Structural Model y 81
_ on
By LV3 = o &
©33
B ES
Measurement Model (1) Measurement Model (3)

Figur&i mpl3i stic SEM Process

Theneasur emdmatl smodelf err ed ctoompaust etsh & hoeut e
scores of LVs by Jlinear combdi natain@ns be
standardi zed data of reflective measurem
scores of itehtee reatgithiterldyfVed f or each city. |
score of Technoll dwasainl hfabbyrestiumat ed
wei ght s -emnfa bl le rssulf r(oTna &T)I&In dt,hoe Tsltlrburct ur al
i nnmadel quantifies the strengths of rel s
among the LV scores through path anal ysi ¢

lis noteworthy that SEM does not prov
influences among LVs; rat her ,msi tt hmat he ma
propensi ty ofHyspuocthh eisn fzlewde nrceelsa.t i onshi ps ¢
being good approximaginons odbf cealfitrwmedb
the exclusive representation of t he act.
strengt hs tesf d$SEBEM oind (i Mumalt loery, ptodve&] . Qur es
2015)
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3.26EM Strategy

I n this paper, the SEM telchWlBEHie call e
was chosen for analyzing the hypothesiz
application softwsbBM. . walo el espteeed fhec a PLe
confatommy and expil.oe.a,t oirty casbn l#bhatsedgonf i r
mo d e | anad nWewdiHmgor yet al ., 2017)

| PLSEMFi guJytehed.idea is to first constr
its measurement vari abheuwsiunsg ntgh e nsittriuad tit
modeleadls L\ comnystmaanps e¢odfiLditdN.enxgtt, h e n
measurementt hmo dels t |l i neart halovyalziom &tsi on t

t hr ou gnhe atshueriermen My 3v asi @l telme @ctoeedf f i ci ent

-

eferred to as outer wei ghstusc.h PBaen aglhltye,d e

suoi itsThMVd.oop is repeated until the re
from one iterationleéono thannexpréeebimred
(Equat.Tdren( X)h)e algorithm stoporamsd the |

computed is tiafedone okde& dledii nechh, 2012)

0E0Ql we WQ (1

whevoeis the wéeimghtsuofememe KhViatbl e of

hidl tier ati on.

—

Ot heriwi sies, rgeoq Utiascetdh & oi n n(eir. ec.a lscturluacttiuorn
modelln) the experiments, l0ahd tbokemanxdenuwa

number of iterations to 300.
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Mor eoveSEM PadISI| ows the wuser to apply t
wei ghting schemes:, (aln)d ce3nt rpoaitdh, we2i)g hfta c
While the results differ little for t he
wei ghting was applied in this study. |1 nde
hi gh%stl uR for endogenous variabl es.

S Initialization of Calculation of Parameters for PLS-SEM
. Coefficients W:g Initial LV Scores

1) Tolerance: 107

2) Maximuin iterations: 300
3) Weighting Scheme: Path

Pg
At the i iteration: 5= Z By X kg
ﬁ‘i{(g the weight of the k' MV of the g LV
B; ¢ the path coefficient between the JBLV and the g L.V
iz the score of the g T.V

3

Structural Model
Approximation of E;g

+ Sigaiticant path cactffcnts (p - valse < 0.1

No i=i+l

Yes Convergence ?
. . 8 ’ Measurement Model
Wiy — W' - Y
95| < tolerance Approximation of Wiy
Wig

Fi g8B4RL-SEMI gor it hm

Al so, t he aut h9ENM o@verf etbrasd diPdSiEdvke

algorithms due to its high statistical p
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(i .e., 100 oraseweipmobalirieaa 8ri 8dents al . , 20
Raymond & Be.r gke opaivtieh@iOtdshihs ability, the
conducted oversampling using a bootstrapj]
of réeédubt sluavwvatAil.lBod0s0)y appioagl i metahaed adfi s
inference about a population using sampl
sampling with replacement from sample daf

Given the |l imited numbercroofkideséngat ihe
| arge number 10D @®areabkdsand accel erated
subsamples were generated to validate th

t hcconfi dence interval of the model 6s para
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Tabl ®Ru3e3 of Thumb for Choosi
(J. Hair et al ., 2017)
N o Criter PLSEM CBSEM
1 Philosc ExploCandiyim Confirmato
2 Object PrediOotiiemnt € Parameter O

3 Met hodo

4 Sampl e

Var i-aased

Smal 1003 @Cas

Covar-bhbanee

Hi gh -8(0100 0C a s

Model Compl ex Moc Si mpl e Mod
5 Compl ex (Many LVanaty (5 or fewer
p I ndi cator s fewer indic
6 LVs Refl ective o Reflectiyv
Constru
7 _Data_ No-Rar ametr Nor mal Di st
Distrib
Prefer
8 Sumodel Measur ement Structural
. R ; Signific GFY} AGFIRMSEA
9 Validat “oi0n 6f path NNEI RFIEFI
Avail a Smart PLGr apPh
10 Softwa XLSTAT LI' SREL, AMOS,
N. BGFI : G eodHinte s I€MGFRIX:.

Squar e Error
Comparative

Fit I ndex
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Chap4aModel Taensdt iRegsul t s

4 Data Col | Rrcdp amatainan

411Data Coll ecti on

The data ctohsd0e stmaaogrn fcarnFiegsu3wvedseIn.t i fi ed
met hodically organiazpdetnanlsaghTapeal ., 2
interested reApgpendisx dArandoe A papg exhalti i 1B d
description of data sources.

Firtshtey smart city dabbweBelmetasaceddbiy
subdividi ng tacamuriantteo nseeavseurraelme nt vari ab
referred-ehnhablaecass Whint aT4l bede r examel e,
performancdecdhfnop wlyli ic@ala si mafsrsaesstsreudc ttuhrreo u g
sudbnabl ebspadbangncecy mill i secoeadwor k( Tl 4)
bandwiidt megabits per second) (TI15).

Similar work was conducted to.quantify
Ea@plrformance objective was assessed bas
whi ch are r efbgrercad vites don SThidbdl .dgamper, as
i nstance, Economic Competitiveness was
perfor mabg¢ectsulie sbavresau(cthh ea s, GDP per capit
anadver agd CHad mbrayr di et al ., 2012)

The four principal enabld®r-ecalbbstess wei

and the four performance 2@bjptapteictv e vewer e

31



Tabl kRe4ult sSmar CSuBENntays | er

Enabl er d Measur emeLoad VIFCronbda CR AVE
No Enabl ~° Su-Bnabl eiFig. (<5 (>0.7(>0 (>0
Technol ogi cal Infrastructure (1 0.890 0.916 0.650
I CcT TIlPupIFd Wiov -0—1
1 AvaiIaT|2 Fiber qu 0—1t
*TI I CT Sophi«0.9:4.5
> I CT *T1 Broadband O0.8:3.0
Perfor *TI Net work Ba 0.7!2.0
3 I CT TI 6 Local Cal -0—3
Af ford TI1 7 Internet -0—3
* T I nt eSrerceutr i 0. 6¢(1. 5
4 1CT Se 1,9 cyber Secu 6-5¢
* T I nternet 0.8°3.5
S rer Ad*TI Smart Peaeé 0. 7.1. 8
Open Governance (OGQG) 0.885 0.917 0.692
6 GovernOGl1 Government 0.9 20—
Transp*0G Gover BSmamti 0. 8:2.5
Adm.inOGS Bureaucrat 0. 9t+5—1
7 Effici*OG Urban Pol 0.8:2.7
OG5 E-Governar 0—6:
8 EnviroOG6 Pollution (-6-—1
I nter *OG Green Pol 0.7¢2.0
PubliOGS _Ci_vic Act 0—3:«
9 Particoeg Cltlze_n Ea 0—3 ¢
*O0G!: EParticipO0.8:2.38
10 Di gi tOG1 Data Prive 661
Inter*OG: I CT Regul 0.9:3.6
Intelligent Community (I C) 0.908 0.930 0.690
Eco I C1 Water_pgr 0—1
11 ConsciICZ Electricit -0—6
*1 C Energy Sa 0.7!'2.2
*1CcC Affinity f 0.8!3.1
12 Educa I C5 Students' 06-—6"
*| C Creative 0.8:2.5
13 Creat . ¢ gscientifico.8¢3.7
14 Digit*IC Digital 0.8:2. 4
Profic=*1lC Cy b\irgila 0.7¢2.2
SocieICl SocE_anaIi_ 0—6
15 Cohes I C1 Et hnic Di 0—4:
I C1 El derly F -0-—6
I nnovative Economy (I E) 0.849 0.900 0.698
*]l EPublic R&D 0.7¢2.2
Il nnovi -
16 ECOSy(*IEReguIatlarO}n 0.7!'1.38
*] E Stdmpt Ecosy 0.8:2.1
174r|ndu * 1 E Smart Fac 0.9:4.9
0.9:87

Revol Lt | E5 Business | 8-
aVI F: VariancePCIRnf ICotmpors i EACBR@MAVvab ialgiet war i ar
* Theeeaadbllers were retained selectivdlFy gluina
VI F<5] .
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Tabd42®kesul t s Somaar CFUBDbtjyect i ves

Wei gCronbe

Performance Obj Loa VIF o - CR AVE
(%) U

Cod SubbjectivFig. (<5 - (>0. (>0 (>0

Urban Efficiency (E) 0.774 0.865 0.691

*E 1l Smart Par 0.9 2.2 0. 3"

*E2 Car Sharin¢0.6:1.4 0. 21

E2Public Trans 6—6!

E4 Public Usar 6—4.

EE Traffic F 6-—4:

*E 6 Traffic S 0.8:1.9 0. 4.

Environmental (Sustaina 0.80 0.80.7

S1 Re ne wharbd reg' 6—1 .

*S 2 EneiEdyicie 0.8:3 07 0. 31

*S ¢ WasRecycli 0.8'333 0. 3.

*S 4 Clean Ai 0.7:142 0. 3"

Ur banvakbiiL)i ty 0.86 0.9 0.7

*L1 Qual iStoy i afl 0.9 2970.3

*L 2 Happines 0.8 1.8 0. 3.

*L 3 Feeling of 088 2.6 0. 3!

L4 Public Sa 0.95-9

Economic Comp@titivene 0.9 0.9 0.38

*Cl Busi@empeti 0494 3. 9: 0. 3.

*C2 Urban Wea 0.8 2.2 0. 31

C3 Empl oymen 6-—5:

Cc4 Attractiv 6-—5

C5 Di pl omatic 6-—1:

*C6 Average Si0.9.3.2 0. 3!

N. BThesdnab
1

ers were [rieta. neldoackilregts at
(Figumred4yVv <5] .

I
F
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412Data Preparation

General data processing was performed to prepare the raw data for SEM
analysisi.e., missing values were handled and standardization was conducted.

Statistical analysts are repeatedly confronted with dealing with missing
data, e.g., the absence or unavailability of one or more variables for one or more
cities. To address this issuthe process of replacing missing data with
substituted values was considered by applying two types of imputations, i.e.,
hotdeck imputation and regression imputati@ricsson, 2014)If the data
were not available at the city level (e.g., government transparency), the data
were collected from a larger region that includes the city, such as a region or
county (i.e., hotdeck imputation).Also, when the variables showed
correlation with other variables, this relationship was used to obtain an estimate
of the missing value (i.e., regression imputation). For instance,thimaHinity
for studies in smart cis(IC4 in Table4.1), calculated using the city population
mean years of schoolinig, correlated strongly witirban wealt{C2in Table
4.2) (Caragliu et al., 2011)linear regression was used when inputting the
missing data.

Next, the researcteamstandardized the da{@able 4.3)using the Z
scoring technique as follows. For measurement variables that are correlated
positively to the latent variable, Equati®) was used to standardize the data
to represent bedt outcomes with higher scorés.g., digital skills, IC8).
However, some variables have an undesirable effect on the related latent

variable; for example, the lower tetency of ICT broadband netwo(KkI4),
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the more performanthe Technology Infrastructure. In that case, Equat®n
was used.
Depending on the raw data the standard scoré was calculatedy

usingthe appropriatequation
a — 2
a — ©)

where & is the standardized score is the original raw data, and and
, are the mean and standard deviation of shenple respectively. The

standardized data were used to perform the SEM analysis.

Table 4.3Details of Data Standardization

Raw Data Standardized Data
Code Sub-Enabler (Unit)

Mean StDev Mean StDev Min Max

TI4 Broadband Latency (ms) 67.59 1890 0.00 1.00 -2.68 1.41
TIS Network Bandwidth (Mbps) 22.87 9.42 0.00 1.00 -1.80 2.75
TI10 Internet Users (%) 80.09 1425 0.00 100 -355 1.22

TI11  Smartphone Penetration (¥ 64.30 24.70 0.00 1.00 -1.95 145
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42 SEM Anal ysi s

421Measurement Mo d el

r
i

a

To ensur e t hat t he LVs ar e within an

mperative to evaluate and validate the
ut hors performed rceilviadbudli tme anwald gmerst fv
i uemi  di mensional ity aSwudc hc oanlailnyesaersi tgan ed
ropensity for multiple items to reflec
onsi st ene yLMse swesr eo ft tehn conducted, inclu
onvergent validity,GaatzdaB0D%08)Yi minant val
Thet andacadiamgis t he variance inflati on
nabl erebpadtsubs were cal cuTaldlead, and t |
nd Ta,Rleespectively. Data unidi mensional.i
etaining items thaerhabhlonfeelfad 8l1gadi ng:
ut the selection prockisgdiciae beadikhgsade
omputed from CFA indicated the | evel of
el ated LV. The variance inflation factol
he severity &f vaeseeltaioco Iploiendéareidtkys.t or :
&0 pLY (4

whewei s RRvha@l ue obt ai ned!brye diecgtroers sda m gt h
emai ni ng( HarierdiecttGlatlz ,e t2 falg.y e(s2®MO )t hat i f
t emobs VI F i s bel ow 5. 0, t he absence of
ssumed in the set of predictors.
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Since $EM
consistency,

el iminating

Firilsssaf the 60

el i mi Rat ednstfainlcer,

|l oading

had | daediwegesO
l oadi g 6BdX. g &2r e
pr odessi inb dd gAitr et hi s
The athledi snifnoaadretd G@fF etnhaciiniewnipso¥ ke F s

excebédedoGl,

their

t he aut hor s

of fendi

vaNeuxdtdDaft @&.f8leBl%eect ed

0G3, I ES,

Confirmatory Factor
Analysis

measur ement

r eisrvil thisat IWleya ¢ i sf act ory

modi fi

vari abl es .

dowasgage moved

Factor loading is:
<0.50

Delete the reflective
indicator

Factor loading is:
> 0.50 but < 0.70

Analyze the impact of
indicator deletion on internal
consistency (IC) reliability

I

Deletion increases IC
measure(s) above
threshold

Delete the reflective
indicator

Deletion does not
increase IC measure(s)

Retain the reflective
indicator

Var i

Factor loading is:
>0.70

Retain the reflective
indicator

abl e Selecti

measur ement

n ter

and

unt il t h
v abB0iwelblees with

because

\

albpdbtnd.y7 @ ,wboi DEBntdh eEn2 wi t h
retai nedechi#assidodinngn t he

set maghel, e r3s7 wseurbe sel e

samsh an4d adidd bet ams
V,I Fc avlacluuleast e d) wesri e g2 EqUu,ati®».n7,(48. 7,

on Pro

Fi gurGFMaded
(Adapt ¢dladeftr @a016)
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After the reliability odri3&8bloaug lds 6lDe @

guar anteed, it i s necessary to evaluate
val idity, and discriminant validity of
additional consi stency issues. Those tes

SPSS @®tsat2i3stdi and SmartPLS 3.2.8 applicat
The Cronbach alpha test was conducted f
reliability of the extracted variabl es.
al so used to check tnhbea crhedlsi aabliplhiat ya nodf QRh
should be g(rMwrhtreal 189h6a7n) ® . 7hi s study, the
Cronbachés alpha was 0. 774, antdnt he CR ¢
addition, the results provided evidence
since their average variance extracted (
cutoff point for AV(EBamuetz_z ablle9 8g8r;etaRoerrn etlhla |
al . l980nast, the discriminant validity of
Het er-Mamatirtai t Rati oHTMIT) Cbet evle@aini olnVss (w:

systematical Hai rees @&Eiga@uadh@mwe)r e used

to compute the LVsd CR and AVE values, re
0 'Y B 5
6o 2 (6)
z -
whetes the number of indicatoirss used t

the factor!theasdi mgmefRayhmwoidb&eBerger on,
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4. Bt2uctur al Mo d el

Af tceornf i rming the robustness of the mea
of the structural model wass28 adauwseld. T
relationships between the eight af or emer
covarhbasneke SEM, amressishn s uanet goos are stil
when t-BEMPmIM&t ho(dAii bsi nlsae&h tAil | 2010; Ray mon
Bergeron, 2008)

Theref oSEEM pPrLaSct i ti oners prefer to test
by anal yzi ng tthteeamruerleinaebnitl imoydRdo)f @aodf . S e
the squared mul? i pfeendogelfdBu@domant &r uct
Friedman, 1985; RaymA®Arsd r&Hh&dert gedr ,dayl, . 20238 )

PLSEM aims at nfxail mesi od tihe Bndogenous

correct interrpatuesi drepehdshenRthe part.|
mo d e | and t he r e s¥evaarlcuhe sdiosfci @.l 7mm,e, 0.t h,
generally explain substantial, moder at e,
Al so, it is essential to coabudpr vakusefj

and signs of the paths <caettral emtosdeWh e
(Raymond & Bergeron, 2008)

In this paper, t he hi gh percentage of
endogenou®, LWhi(cRh vari ed from 70.6% f
Sustainability to 91. 2%wésri Edboami ce Cof
good fit by t he model . M oornesohvi eprs, wehree |

considered supported based on the signif
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recommended for €eQoprdoomto2laGlesearch

Fi garszh otwse results, aatdhtmayliadbdé!l yus ni f
4 ;8Hf the 28 hypothesized paths were con
according to t heed e hirai tghtie)r@a hiec aEc onomi c

Competitiveness in smart ciGadveesr nasncse ghni |
(ds= +0.318), I nt e(lbhoFk getrt. 5C8 mmu maintdy | nn o
Econdimy +0.447); it is noteworthy that t
(i ndelkied talsi s paper) becomes, the stronge
the endogenous construct. Not dalalryg,e t he s
internal effects of Technol ogi/(chasl I nfrast
= +0.896) and of Intelligent(fGommunity
+0. 88s6 )eemp h azyigzieadr ibsya( 201 ¥)Ys innovation p

(72}

ignificantly on the creativity and inte
Alsli gni ficant paths are positive except
Economy to UK & .L5i8BadNLi Itihtiys negadati ve inf
the drawbacks and threats of the fourth

effects derived from the f268ctriedrmati ons ar
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Tabl kRe4udts of Hypothesis
Pat h Criti
gyeﬁ)%tt?%? Coef fi Sérarnod Rat i F:;I I nterpr
(b) (O 1
ExternalEnBfl ec¥ P eursftoerrmance Objective
H1:T1 Y +0.192 0.238 0.809 0.419  Not Supported
H2:T1 Y +0.219 0.224 0.837 0.403  Not Supported
H3:T1I1 Y +0.280 0.175 1.600 0.091 Supported
H4: TI Y -0.204 0.155 1.314 0.189  Not Supported
H5:0G Y -0.175 0.211 0.832 0.406  Not Supported
H6:0G Y +0.277 0.217 1.277 0.202  Not Supported
H7:0G Y +0.307 0.152 2.023 0.043 Supported
H8: 0G Y +0.318 0.141 2.257 0.024 Supported
H9:1 C Y +0.397 0.292 1.359 0.174  Not Supported
H10 1 C Y -0.000 0.248 0.001 0.999  Not Supported
H111C Y +0.495 0.272 1.824 0.005 Supported
H12 1 C Y +0.513 0.198 2.588 0.010 Supported
H13 1 E Y +0.449 0.189 2.372 0.018 Supported
H14 IEY S +0.151 0.179 0.842 0.400  Not Supported
H15 1 E Y -0.588 0.211 2.786 0.005 Supported
H16 | E Y +0.447 0.137 3.273 0.001 Supported
InternaEn&bFf ecYt €Hnuasbtleerr Cl uster
H17 T1 Y +0.556 0.118 4.728 ok Supported
H18 TI Y +0.896 0.020 44.162 x Supported
H19 TI Y -0.047 0.224 0.210 0.834  Not Supported
H20 OG Y +0.107 0.156 0.689 0.491  Not Supported
H211C Y +0.376 0.124 3.019 0.003 Supported
H22 1 C Y +0.836 0.168 4.979 ok Supported
I nternaPeEf bemascYe Pabrjfeocrtmiavnec e Obj ect i v
H23 E Y S +0.248 0.153 1.628 0.098 Supported
H24 E Y L +0.240 0.146 1.645 0.100 Supported
H25 E Y C -0.191 0.121 1.581 0.114  Not Supported
H26 S Y L +0.294 0.112 2.624 0.009 Supported
H27 S Y C +0.079 0.081 0.974 0.330  Not Supported
H28 C Y L -0.096 0.160 0.599 0.549  Not Supported
N. B**vgplue < 0.001
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+: Significant path coefficients (p - value < 0.1)
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43 Results and Discussions

The proposed model was validated with acceptpbléormance criteria
(c.f. R in Figure 4.2)to quantify how enabler clusters (i.&echnological
Infrastructure (TI), Open Governance (OG), Intelligent Commun(y, (hnd
Innovative Economy (IE))structurally influence the four performance
objectives of smart cities, i.e., Urban Efficiency (E), Environmental

Sustainability (S), Urban Livability (L), and Economic Competitiveness (C).

431Fi ndings from the Measurement Model

The results derived from the measurement model indicated that the
developed framework was capable of extracting the priority of smart city sub
enablers for practical applications (i.e., strategic smart city planning and
development).

More specifically, te measurement model can explain how the potential
of enabler clusters can be improved strategically. To this €adle 4.5
summarizes the CFA standardized weights, labeled asf selected sub
enablers. The distributed weights show the relative impatahsubenablers
for each enabler cluster. In detail, all measurement variables within an enabler
cluster must be considered, but special attention should be paid to the critical
ones (i.e., above average) that are marked with an asterisbla 4.5 For
example, the impact of Tl in smart cities is influenced mostly by technology

sophisticatior{e.g., Internet of Thingsloud computing, and ubiquitous sensor
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network =¥ 0. 207) and foll omedl8)yAsl CT adop
mentioned byBraun et al. (2018)if citizens are reluctant to use the
technological infrastructure, the smart cligcomes obsolete. Therefore, to
make investments in technology smart and sustainable, it is important to build
socictechnical complementarities using the following results. An appropriate
OG in smart cities is developed primarily by promoting the transdtonal
i mpacts of | &:b=0i220) te deliver betten servi¢eto citizens.
It can be achieved through the enactment of a legal framework that facilitates
ICT pervasiveness. In contrast, poorly designed ICT relatgdlations can
create ingqual ities and widen the ddgital di v
0.209) (e.g., t hr ou g Besa=002@Nof gbeetnment and ef f
activities also influence the potential of OG. Next, IC is established mainly via
the development of digitalcompee nci¢gs @ x188), crie@ati ve abi
0.172 ca=nd0 .¥180) , and | i f,@d0.070)gof theear ni ng
population. Last, the integration of the latest computing innovations in the
i ndu sg=r0y297) centrolled with proper regulatn s g2 0¥253) is very
important to foster innovation capacities and lay the groundwork for an IE.

As a result, based on those findings, urban strategists can formulate a new
policy agenda to prioritize their investments and enhance preparedness for

smart city transition.
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Tabl5&udnabRanmnked CFA Wei ght s

Technological Infrastructure (TI) Intelligent Community (IC)
Code Sub-Enabler Weight (%) Code Sub-Enabler Weight (%)
TI3* ICT Sophistication 20.7 IC8* Digital Skills 18.8
TI10* Internet Usige 18.6 IC7* Scientific Creativity 18.0
TI8 Internet Security 15.9 IC6* Creative ldeas 17.2
T4 Broadband Latency 15.8 IC4* Affinity for Studies 17.0
TI11 Smartphone Penetratic  15.4 IC9 Cyber Vigilance 14.9
TIS Broadband Speed 13.7 IC3 Energy Savings 14.2
Open Governance (OG) Innovative Economy (IE)
Code Sub-Enabler Weight (%) Code Sub-Enabler Weight (%)
oG12* ICT Regulations 22.0 IE4* Smart Factories 29.7

0OG2* Gover rBmarmti 20.9 IE2* Regulatory Environmer  25.3

0G4* UrbanPolicies 20.5 IE1 Public R&D Investmen  22.9
0OG10 E-Participation 19.0 IE3 Startup Ecosystem 221
oG7 Green Policies 17.5 N.B. Critical -ESwaabrit
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432Fi ndings from the Structur al Model

The structural model identified the direct andirect effects of enabler
clusters on performances objectives. Then, the integration of these paths (i.e.,
total effects) was used to provide public decigioakers with practical
indications, including counterintuitive findings to reach each performanc
objective individually.

The results demonstrated the statistical significance and decisive
contributions of both direct and indirect effectSigure 4.2 shows the
significant direct effects of the enabler clusters on urban performances (e.g.,
H3, H7, andH8), and it also enables the visualization of complex indirect paths
(e.g., H17- H7). Quantitatively, it was confirmed that the use of technology
(e.g., I nternet of Things) directly
safety, uh ¢02B0) in Jine ith the findings of previous studies
(Braun et al., 2018; Jain et al., 201Kext, in a strong O@riented city, the
voice of citizens is listened to attentively by polimpakers in a non
confrontational manner. Therefore, OG directly influenttes attainment of
three performance objectives (i.e., S, L, and C) since citizens generally expect
to live in sustainable, livablend competitive environmentBurthermore, IC
(through H11 and H12) and IE (through H13, H15, and H16) also contribute
diredly to the performances of smart city programs. A city with highly
educated, intelligent, and aware citizens (i.e., IC) and strong IE is more likely

to satisfy its performance objectives.
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In addition to the direct effects, it was also possible to highligh
i mportant participation of enabl er cl us
performances. The internal effects among enabler clusters, including, but not
limited to, H17, H18, H21, and H22, are the starting points for those indirect
effects. For ingince, as stated I8hourabi et al. (2012)T| can be characterized
as a metanabler since it also directly influences other enabler clusters (i.e.,
internal e f fue=c t+s0). 515i6Knes=atB@D6)( | AS a reshilt,
through sequential paths involving mediatorvaa b | es, @wYws&Yh as OG (b
= +0.171)nY @a¥Ld= +0.413),(Thindirectly influences L. In the
scenario TY L, the indirect effects supported Kjtchin (2014)explain 67.3%
of total influenceTable4.6 shows that the results demonstrated the substantial
impacts of indirect effects, especially for Tl and IC, in the attainment of smart
city performances. The decompositions of direct, indirect, and total effects are
shown inTable 46. The main contributiorof this study is the integration of
direct and indirect effects, which provides opportunities to gain a

comprehensive understanding of the development dynamics of a smart city.
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Table®di 4ect , I ndi r exft ,Emanldl elro t @ll u Etf d rex 1
Technol o0iOpen Gov Intelliil nnovatiyv
I nfrastru (0G) Communi t (I E)
Dirlnc Tot:Di I ncTot DirlncTot DirlncTot
+019 +0.!+0. 7-018 +0. -0. 1+040 +0. + 0. 7+0.45* +0. .
3 25. 74. 78.21. 54. 45, 100.0.0
+022 +0. '+0. 74028 0. C+0.: -000+0. ¢4+0. :+015 +0. +0. :
S 28. 71. 94. 5.1 0.0100 57. 42.
+0.28*+ 0. E+0. €031* -0. C+0. +050* 0. 1+0. -059* +0. -0. 4
) 32. 67. 84. 15. 72. 27. 79. 20.
-020 +1. C+0. €032*+0. +0 . 4t051*+ 0. 4 0. ¢+045** -0. (+0. ¢
C
16. 83. 77.22. 55. 44, 87. 12.
N. B.he percentages indicate the proport

effects respectively.
<-vl.llue;, <**0.P1

indirect
* -wal ue

Based on the integration of direct and indirect effects (i.e., total effects), it
was also possible to extract appropriate synergies to improve urban
performances individually. For examplgble4.6 and Figure 4.3ndicate that
TI exhibits the strongesotal effects for each performance objective except for
C, where IC slightly predominates over TI.

However, even though TI is obviously fundamental in smart city
development, the results confirmed the insufficient necessity of technological
development fothe future success of smart city initiatiy@gna, 2017; Nam
& Pardo, 2011b)The authors believe that synergetic dynamics involving OG,
IC, and IE collectively, can best exploit the pdtainof Tl in order to enhance

the attainment of smart city performance objectives. Such quantitative results
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and analyses can help urban leaders make projettol decisions such as

consistent policy management to enhance smatrt city performances.

Fi gul3lentdegr ati on of Direct and

However, several challenges remain to be addressed to appropriately
manage the development of smart cifieigure 4.3).

First, the research team observed that the total effect of OG on E is
negative( fa: oar e=-0.127).The efforts ofcentral andocal governments to
invigorate public participation (OG) can have undesirable effebtaufgh he

consideration ot i t i z e n sad ralatednpossithleonflicting interests,

49

ndi

I



