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The Metaverse, as a hypothetical virtual environment utilizing advanced technologies such as
Acrtificial Intelligence and the Internet of Things, has the potential to contribute to the
sustainability of future smart cities, enhancing urban efficiency and quality of life. In this
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2025/10/12 exploratory futures research methods. The theoretical data were collected using a documentary
pp: method, and the empirical data were gathered through a survey method based on the Delphi
73-90 technique. The target population of this study included urban experts, and a purposive sample

of 70 individuals was selected. To analyze the data, the Delphi method, structural analysis in
Keywords: the MICMAC environment, and Scenario Wizard software were employed. The findings
Metaverse; revealed that indicators such as transparency, demand reduction, urban simulation, and digital
Smart Cities; education play significant roles in improving smart urban sustainability. Additionally, the
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study demonstrated that the Metaverse can serve as an effective tool for optimizing resource
consumption, increasing citizen participation, and mitigating urban risks. The final results
suggest that to fully harness the potential of the Metaverse, it is necessary to strengthen digital
infrastructures, enhance technology-related education, and improve cybersecurity. Overall, it
is recommended that policymakers in Tehran focus on developing Metaverse technologies and
integrating them with urban systems to leverage all the capabilities of this technology.
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Extended Abstract

Introduction

With the expansion of emerging technologies in
recent decades, cities, long symbols of human
civilization and development, have entered a
new phase of structural and functional
transformations. In this phase, smart cities, by
leveraging information technologies,
communication  systems, and advanced
technologies such as the Internet of Things,
virtual reality, and augmented reality, aim to
improve citizens' quality of life, optimize urban
services, and enhance infrastructure efficiency.
Among these, the metaverse, as a novel digital
space, has opened new horizons in urban
development and forward-thinking planning.
The metaverse, formed by the integration of
various technologies such as artificial
intelligence, cloud computing, and augmented
reality, provides a platform for citizens to
interact, experience, and make decisions in a
simulated environment resembling real cities.
This space is capable of modeling various urban
scenarios, crises, and social changes, serving as
an effective tool for emergency response, policy
simulation, and resource optimization for urban
managers. In this space, smart cities are not only
enhanced in technical aspects but also
strengthen  social  participation,  cultural
development, and economic and environmental
sustainability. However, fully harnessing the
potential of the metaverse requires addressing
technological and managerial challenges and
designing comprehensive, interdisciplinary
strategies. In this context, this paper analyzes
the future role of the metaverse in the
sustainability of smart cities, focusing on
Tehran, and emphasizes the need for
collaboration between governmental
institutions, the private sector, and society to
achieve this goal.

Methodology

This research is based on a futures research
approach, aimed at practical objectives and
descriptive-analytical in nature. The data
collection  method was library-based,
documentary, and survey-based, utilizing the
Delphi method. The Delphi team was selected
using purposive sampling, and the criteria for
selecting experts included theoretical expertise,
practical experience, willingness and ability to

participate in the study, and accessibility. The
statistical population of the research includes
experts (urban managers, urban designers,
urban software specialists, urban planners,
ecologists, economists, sociologists, and
architects). Due to the absence of a
comprehensive  database for professional
individuals, snowball sampling was used, and
70 individuals were selected as the sample size.
Initially, 14 components were identified, and
then these components were presented to
specialists for further refinement, leading to the
identification of 10 final influential
components. In the third stage, based on expert
consultations, 40 indicators were selected for
analysis. A semi-structured questionnaire was
distributed among specialists, and they were
asked to rate the variables according to their
influence and dependency using a scale of 0 to
3 in the cross-impact matrix. In this rating
system, “0” means no impact, “1” means weak
impact, “2” means moderate impact, “3”” means
strong impact, and “P”” means potential impact.
Cross-impact analysis was performed using the
MICMAC software, and final scenarios were
developed using the Scenario Wizard, with key
indicators influencing the future state of the
system extracted

Results and discussion

The findings of this research indicate that the
analysis of the direct and indirect impacts
matrix among 40 factors led to a deeper
understanding of the relationships between the
influential indicators in the analysis of the
metaverse spaces for the future sustainability of
smart cities in Tehran. The 77.06% fill rate in
the matrix suggests that most factors are
interrelated and mutually influential, with only
367 zero values and the remainder being values
of 1, 2, and 3. In repeated impact-dependency
analyses, the indicators initially showed high
levels of influence and dependency (95% and
97%), and in the second repetition, they reached
full stability (100%), indicating the stabilization
of the relational structure and the readiness to
extract key driving forces. The direct impact-
dependency map categorized the indicators into
four groups: independent and driving indicators
like demand reduction and digital education,
linking indicators such as virtual tourism,
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metaverse economy, and economic innovation,
dependent indicators like virtual experience and
health equity, and finally, independent or
neutral indicators like local projects. Moreover,
demand reduction, with the highest direct
impact (60), and health equity, with the highest
dependency (57), play a key role in influencing
and reacting. The direct and indirect impact
diagrams with 100% coverage illustrate the
strength of the relationships between the
indicators with various lines. Ultimately, the
classification of driving indicators into four
regions revealed that indicators in Region 1 are
recognized as key drivers and main system
catalysts for policymaking and decision-making

Conclusion

The metaverse, by combining tools such as
advanced simulation, the Internet of Things, and
artificial intelligence, has revolutionized the
management of smart cities. In this research,
Tehran was selected as a case study to examine
the impact of the metaverse on the intelligent
sustainability of urban environments. The
findings suggest that indicators such as
transparency, demand reduction, and health
equity can serve as primary drivers of urban
sustainability. These results align with previous
studies focusing on resource optimization and
energy consumption reduction. Furthermore,

urban simulations play a significant role in
forecasting and reducing urban  risks,
emphasizing the importance of enhancing social
interactions and reducing digital inequalities.
The integration of the metaverse with
complementary technologies such as the
Internet of Things and digital twins can improve
urban infrastructure. This study also addresses
challenges such as cybersecurity and the need
for  developing adequate infrastructure.
Ultimately, the research indicates that the
metaverse can act as a tool for enhancing
governance, transparency, and quality of life in
smart cities. The recommendations of this study
include strengthening digital infrastructure,
improving governance transparency, expanding
digital education, integrating technologies, and
enhancing cybersecurity, all of which can
contribute to achieving sustainability and social
equity in Tehran.

Declarations

Funding: There is no funding support.
Authors’ Contribution: The author approved
the content of the manuscript and agreed on all
aspects of the work.

Conflict of Interest: The author declared no
conflict of interest.

Acknowledgments: | am grateful to all the
scientific consultants of this paper.



Slaadio B3 0w T g Ldl > aolikad
1FoF olunoy ¢F o ko (¥ 0490
2081-118X 1 Suig S 4l

s s
ek https://grfs.urmia.ac.ir/

@ ;AT 30 Waouigd (51 ye 0T (5 I (1 9 w18 v yglio LA (5 LSl Jukxd

‘d)l&ﬁ‘!u”:"

Il el o9 pla ol Ll in 09,5 sl )

84S

Al wileYb

Sk & Ky e bl Coytly (ogimn Shea cng slasygld Sl edlitul b (055 (gibre boee Sy plgisdr o glie
o Gy 3l ings, iyl 5403 a3l (6 (555 S 5 a5 5 5 S ibgh sl o]
3 e gy sl 0 plordl (105 108 VS5 diadom (sl ol 5yl (sl 518 waglie (slald (g s L
lodly il o (BLEST mghodn] (o ysgy bl p oo — duog o] gy g 638 (5 135 Cun 5 yl, Ll
GeS ol )lel anoly ol ond ag (> gy ell 2 elilon BP9y b 28 sloodls g bl gy b sk
Slagbyy 5l osly Juligay o5 (sl iad Gl )45 Ve dadan (g S aigal ©)g0 45 09 (506 Jluwe (5 3 el
loazdly .l osdoslizul (SCENAMO WiIZard) L gs b léle 5 o (MICMAC) lase )3 (o lislo oo <l
S Sl 290 ) (oot BB Sl (hjgel 5 e (gildnnds Lol ol wlad slapasli o b ol
O ple Bpae giloaie 0 J5e Glpl plgsar Nl pepslie &5 A LIS Jieggy (ioren ) Madgr
by sl o col G5 (Sb Gimoh ol e @l S Jos s 0d oSy (10l 5 (liged &S L
el 3900 9 (rgl8 b baye slabipel Ll Jlioms lacdloy; Cogh 4 5l oyl sl feily 5l At
SS9 oslie Glaisygld dnwgi 2 (15 BN 53 IS Cuslow &5 58 0 ety (IS psbods el 5yl

S (6100 0 65l () (SlB ol Sl Al b ALST 55 505 (068 (Slapaes b

:dlis go5
(g lie

HL | PP
VY ¥/-¥/N
V¥ YIY -

:uM
VY 4.

1l o551
‘glie

Aadgn slo e
(e 5yl

RAAYS )3 diadgr gl oat] (ol gy S8 epslie slaliab (gylisle Llos (VF+F) . L e o)k 25 Lits]
QoYY (F)Y (shdlaio g isodis] g Lolis dolilas o 5
Arog )l ol £ U S o Lais 1) 55 JolS” Gt 9 Ol 3> (B aiwy © &Y o

DOI: https://doi.org/10.30466/grfs.2025.56183.1118
DOR: https://dorl.net/dor/20.1001.1.2981118.1404.3.4.5.9

A y2ev0st :o8li cLeily.Bakhtiari@pnu.ac.ir : Sy w1 o «s5kise U 1 gmme diuns 5


https://doi.org/10.30466/grfs.2025.56183.1118
https://dorl.net/dor/20.1001.1.2981118.1404.3.4.5.9
https://orcid.org/0000-0002-8189-5322

VEoF b F)Y (gladlaio Do o] g L i vy

douio

ol g &le Sl sy e o QL@‘ L;_{Lzlg oy L yol oy 9 Slods axdld (g iy Ol dawgd (gbadlad O‘?‘:&‘\'? b 5l b e
Chen ) cusliS aales b yps 5 ,Shos ¢ kb (slotos @l sl amd &) Sles paw 13 &S (So5eisS Cdpuig o Cansl 2B iy ol
St g (S5 CusS gy 4 45 Amd o Gow pel )5 g Magn (cla )l Caows 4 1) ayed zoya Y95 ol (et al., 2024
b olojod ¢ wyglie Hoels .(Singh et al., 2022-Mousavi et al, 2025- Hekmatnia et al, 2017-) 18 o oS (50 (slan] )
Siloded dle (bl g ooy L)) (6 0ed Lazme g el Jolad sl |y (site lajluledia il ans 5 Jliowd slais)gls @y 43
Sibre g (Sed (L iy paiil kb & o glie sl dib L @al 3 1) bl (6 pdySllanil dgut 9 (259,08 S )lie (g1 Sloss
(Alam, 2024) 39) o sl & ji5 506 Mok dmwgs g SyeSo (sitelin )3 Gug b, SISl &Sk wdlo (S

Zamani, ) cusl 03 )8 i p Glalistin |y Wyt ol dnogs ) (g s3ySagy 5l (o> (slosgld gy 45 eyl e >
ol (S e Jhondgd dawgd LSI)'f Sy u‘}&c\; u*’)?t'-" slas )l LS)-.S")-?(. ‘)9-@)99-’ L;Lb:.\)ii” L)"l )| us" (& Besharatifar, 2025
ly Sodign sbayped s Lo Cunl B dedl ol g (gilne Cusbly 03938l Cusbly (ogias Shon il (lacs)gld a5 L poyglie
5 olasl ( clanl gylb g sy syl (SN cuhS i) oy i clacusd g 1S Bl o pKeds g0
oYU ity o egume yoon g Sl clagliey p e (sla Jae (ol p 959 (Qadir and Fatah, 2023) 5,4l ol Jasecouw
..\J‘})L;a u,u)gL.o c4.’>u.u » (LleIO et al, 2024) ..\5)‘.) u]AJB).Q(w dl).: 0)49 Slods @l).lo 9 LS)-Q(“’ LS)SWM daodly J.«.busa\.’)?u 2
Slpb g mlio 59uaS plodjl ¢ o8l Wlpuss s oo il b agalse j0 o394 Hlul drwgy CBlaal 3asd (oly (oo,ly (o)l5l lgicas
(Yaqoob et al., 2023) 5,5 |, eslatwldyge ()l o5 (ozmed (ol prab M )0 ¢ slois]

5 Ml (6)5ld (Slapiuw 4l 2 45 4D gihae (glod 1S jobos Madign (glo el porie Yo Ve dmd ) (5)sld ddr Jud Hsrb L
Xuetal., 2023) 5il,n Sk aaw » Lo bjluleis 5 555 & ¢ LS S lie b (ST o lbls)l o wimd pbsl 1) 56
3l ool pleal Lol 5 (Chen et al., 2022) 5> Jolss a8ly sbis calisee slaain b oS cul (gjlxe Jluzud (sbis G ¢ wyolio
OB 055 el g o s 5390 (Slodiylih psbods s b SlacS oy g sl IS s (sl ol Jilly e pmpglio 808 L
.(Huynh-The et al., 2023) ¢l «3,5 1,3

03938] Caunbly ¢ gilro Cusdly g yglid g b S bl 6 i) i oyt pledl 0uilS puSxio o yakio ¢ yorlos porto S lgisay
Gyl Mogn d)lSy (sla e Sl sl lodisS jlodsel (slaoly o5 Conl dadgn (sbyjaed dbml sl e lalaze ;> dBbaswg
odbas b o] Meudgn (gla s (ojlxe SISl lgieds a5 ol olaygme Jo> ol oyl (Jagatheesaperumal et al., 2023) ams o
gl gl 2lron il (23USS )3 (wglie o) ol il sl 0ud 00slS gl 47 leS g us (L3S il plgieas o yglie 0 &S
Gy Madish (6)5l8 jl Miaded (sla i 00 (slass j(Bina et al,, 2022) 5l ope jlas il Sador (slaypdd (8 g cloi]
St 9 Ll co ol cplply WS o oolaiwl (gypad (S5 0,5 )SA.on 5 WSl (SUj cutsS Do s s 13,55 dgus
(Mohanty et al., 2016) W )l> Keuign (gboypus Sl jd o i (& ymlo (S5

Slosd (gjlog e gacsloy; Sl oy byt ladsel) 5 Jiond lags)glis jl o wtas (o Gblie dadgn (slo s
&)l gly Jlsud slagygls pleal b oS niadisn (sla o AGS o odlaiw] (g )l daun g (sdlaiBl Wy @ paad ¢ oaw yiawd Dga ¢ g2
Slgi oo wyalio ¢ wlol cpl ».(Yagoob et al., 2023) i o jgkio sl Lol et 63 Wgd o (asuie p3pe (SUj CutsS
‘C)‘l‘ 2 0gMe iy dgupo Iy (S e d)?L."U 9 &olylsl ui’d5‘9 slealls o 88 gilodus Iy s)llsl LSL“’-)D:’Q) 9 (S b s )S)8

L Artificial intelligence
2 Virtual reality

3 Augmented reality

4 Extended reality

5 Cloud computing

6 Speculative fiction



YA O B> wadgn slo gl oa] (5l sl 158 opslie slalad olislo Julowi/ )Ly

owced .(Zallio and Clarkson, 2022) sisw dgdo o)y slp 1) Coslusl 5 (aw yiawd Llg oo diaddion (sl i y> wyglio I oolaul
Cogll opglie bawg &5 (Blom(gilone Mol g ) dlrden C8)lie il (S8 5 Ja ples o b Nedgr la e LS
x> &) Bly sls sl |y et (6365 ey Slag b 5 5 il |y S 8, ST S 8 )1, s Wlgipm ctigh o
Mol Juloigey o5 clie janass (silwdinge 4 Jlg o digy b bgy 9 ASSS b wyelie <l by .(Yaqoob et al., 2023)
Wang and ) ais’ oS qojglio e liadod (sla i > aSid slaylisle (gilwJde 5 Lodly 1 oSl ol sl oSS 3 il
Lg[b'.}')l 9 (S e drwg) L;L&gi]\ uv).u)b d‘).j u’.:\fb w.e)b cJL.&o.) pas L;lmb)gtwa &;51)9193 )'l uS‘ 0191.043 u»)9t;o .(et al., 2023
Spae gilodige (Mg CSilie Gl s b Glosd (giludnd 3 oke S Wl o Lab (] D)1 Madigr (gl jped 5Ses
b oS ol a5l olapd d Jawibs cpl sis Jb ol b.(Yaqoob et al., 2023) 1S W) byl plp 55 (650lol slol ¢ wbie
A ol Vi Bloy; Cllidl 5 5385 gla )y diojls wldslse (g unjlaote g (dures (g3l lacodsiow
GBSl 39S g yemeodld Cupde 3 ind doa  Iogll ( olas j5letel b S wumes YL o515 aSle ol yills b oolpes
oy > Blas B 5 g sloigly 95 cnipen el (Siloted i sl s 515 o lSal, Siails (s
Cunl 305 (60 dmwgs (3 Lad pl (65w 60,0)5 yomo jd ol ®ilge 3l ¢ wyglio jl oslaiwl j3 (5)5ld cllic 5 aogad s sl
o] ()l 5 Lojslie (g pmle (slaliad Juwily wyp Lol Gua b imgh oyl o)cpl jl.(Dorostkar & Najarsadeghi, 2023)
g sy yglie )bl (i e WS Tl pl Baiod (6yg7ee Sl sl 00 (Sl (a5 BOIST  35 505 b diabgn (sl

S8 )5 00 OI).Q(T Nodgd phoud (oo g $olasdl cucl.o;’;}l sl

g3 (S Sl g At

3 VAAY Jlo 3 G Lo (Li55- sl ol 3 sl L Lo o it 45l (oMol gl 0 yolio o3gche
Zhao et ) Sl dnsly Jolas Cj » Jlused Lglm)b'ls—l b Wlgs o ylp)l8 &S M o gy Ci i) g e (silre slid SO lgisds o A
ol (a3 St 5 Ul oloj 3 518 e 4 5 00 48,5 (SIS g 5 18 cslioe 4 o a5 5] sl o5l ., 2022
pledl Cubld &S cuwl 0030 )3 7ylas (it g ailyglid (gytun lais 4y 5 00 iy yaiil Ly yglie SwdS pogie (6l Cluvlwe g (S
g olaidl ( clainl Hon )l aSl cgibre Joles (sbad s (g9 50l Ly yslio (MystaKidis, 2022) cuulyls 1) Jbuswd 5 (38 slod
S M 5 Ui I B 538 (sl a8 a5l syl B 5003 ks S8 (o o 315 sl gl
2l 1wy (ool anole jn ) JUomd JoS porde dhial Glgi e 1) (wpglie (sl late S|l g)lily g 0y el (B3
Bibri & ) xias o JS3 1) ailygls SlyeSs 5 Sl Laly 5l (s (slaglis «csilome slagligs g Jlows Cogn da oSl daosls o5
Slgi o a5l (6,5 JSE b 5 (Simyd— cloin] porcans S laisas wilyolid (5yglsr p ATy 0gMe L (Allam, 2022
Lg)'lb);:aJ.g.l «WCadMS LS‘){ dlb.)):us gl w”t;o .J)'L.u 09§)§° ]) Lg)La.‘é‘ dl‘b?i” > 9 u.clo.ol SMoles ¢)l§ ‘ufh). L;b:o%i)
SleMb| pac ) L5.r_Le~,..'>| ols d‘).j Ry u.l.xo aSb ‘JL,:ub bow S LQ,JAA c).lé.l.o Oﬂl )'l 9 3)9—|Go rvml).é (o> L;Lmd)lﬁuzs Azwgl g
ozl ilgld (cloay b jl 2dl o (glandyole (63)509) Mejld o jglie dnwgs ey 5> (Chen et al., 2024) 595 o gune
.(Huang et al., 2022) x8" i sla) Jlal xolgs g losign (ol o o] Sy slop) olasd Llgn b cwl (Ko ys g (golasdl

slaptlle & Sl (Sl Glpisa tadsn slajed porde (s xed sla)iBls 1 Jlod (5,58 pleal | iionigd e @5RA0
Zeng et al., ) cul ol 939 4 ab @lio p ,Lid g Slosd 4 wyiwd 1D (6l b ¢ conlBl Ol ¢ i 0 gy 0 M) 0b
¢L5)9Llé 905); d’)]o )'| O‘M9M L;JJ)’ CudsS g 83 Sas (53904 ¢ ;\a,o:a Cod (_5)‘.3:{[2‘ APV ERRONWIYY L;L'b)e(& 5 L;hol KT .(2024
Sl 9 VA% dad 4y pMas!l oyl esrbe ady, (Mousavi & Hazrati et al., 2023) cul jgomondld (6o (5525400 9 Co by
SR dnogs b SleMbl (5l 3l Gline 1) diasdon 10ed pogio )l (inss (gl oS 23,5 o3l € LSS o lgie b S

1 The Technopolis Phenomenon



VEoF b F)Y (gladlaio Do o] g L i v

5 by )5 4 gy0d s lug o (6)5ld (65 5 h oy (gly oo YL] (o Ll poras ol (Patrdo et al., 2020) > 5" & leo
2 45 3950 00 € (Sygibm il plad S lsicas Madgn 10ed gyl st Jlad Sy Sasls (2B & Jlmd Jp5 b e
oS I3 il oo (6305 Cappito Sosty (8l (5115l 13l By | Wiadign pd il ki 5y (Zhu et al., 2022) w5 (o5ludige
18T gy 8 e g g eloiz] lopw slonl (elaia] (floials sl sy lyied Wlad ol G 105 (slaolSa
9 €05 3L b Gl e & Jliond i Aile eublio 4y ole lodl j3 Kadign yos diwly cpl > (Vogl et al., 2020) x>
o8 jl.(Zheng et al., 2020) 5905 iy x5 ygomo bl b om0 6 )9lid Wlg5 o ¢y55UsS (o3, S5y olul 52 g 03)53 0,5 € 51,8 o>
(et (e s 3 Gladl 2,5 &yl (caioion Ky Sl ol 4Ly e s 9l 3] (gl gooro B oo Aoy 2 ¢ gatuuges
Sadgn b g5 sl ol el oais] (b ouzm Gl 2l 3 g g 25Tl g pdydllasil ()] Jlis 4 oS
5 S sl glodlll e Sl caiodgn (slaped pogie b wyglio pleol L 20T Wiowigh (61 54ad )3 (wy9lie 31,

Lgbzs)ob S sV (6551 OB puan Ailo cliadigrn (sl i )3 dgge (3 sl yills (gl sl Jsoly Sle o wyglio 3)l5 dgng drws
Sa3sd 2lad ey 5l sl ssals (Allam et al., 2022) ams &) Ll i) el gl 1,55 5 ooz ysS) S slallas ¢ bl
G511y e 0)lol )3 (Su3d g (ilme (slogpeld pleal g S oo @l 3 1) (8l (s> 5 (silme ladizns o0 (Sl 9 39) 0 51,8 10
SRS S daosly Jilodiga i 5 S35 (B peS) epslie b Madign 1o psrie S 5 PR )3 1) e (g 4w plEd] (pl a3
ool Julowigar o 9 S50 g b ytaS i Jsl (S b bloyl > (Bibri, 2022) 55l oo kel 4 (il g bgy GlpeSo 5 by
pleal b oygl o warlyd |y Bly (olin (slaodly 51 (6558 Julow g Spd Kal cdioion (sla o b wyglio cuS 5 &S 58 ol o)l oo
S pan (Jig o> (ymen (50 (S e (sladsir Sl (6 5Bres i g Linlg B diadon (sl (S5 g (5ibro 03 liae
DSBS (5 383 (6 S el &y modld 4 piy uloigay 355 ol (Al Nuaimi et al., 2015) 1)l cuwd & lug,00d 518, o (555l
a9tie oS )5 i iy (6 )8 55w pod (Sig b bls,l s (Chenetal, 2024) wiS' o SoS' (65405 Cappdo dguo 9 bl S @olio
oy (5lro glalad > il o (LS S o ool B ol (gjlme glalame )b 1) (glaid i (50)8 o cllaign (slo s |
g s 4y 4Ly s o L3811y ol lisas 4,5 ol S 8o (g paol (slosial B 0 g il Jolss lncdluoyyj L oo S gl
ObiS Sl g gy (oS> (m pg (Shg (Chen etal, 2022) auil sl (55l A8 (6 50ed GBS S maonad O B a2 0 (Sl
mosly Juloigas 125 g (5 jlone (Slasjlodunsd B2)bo 1A oo s |y (ol 9 bigw (SlyeS cbiodign (lojad b o jglie plos] &5 amd oo
Cupde &S 39 o0 el JlpeSs 13 (o pbBllasl plabled obj)l ) culus Gl il g 0S8 paoual Cas puds AlgS o (6 500 ()l ppdo
Cope anlSy slapyathy plgisas (pojslie )3 diaddgn (sl jed bl us b 5l odlitul 5 b il & @ (2555wl 4 B (60

sl adls e V) Jot> 5o (Cavalcante et al., 2016) s o &l o duwgs (gly yailiiadon 63,59y 503,5 Jos (50

ouky] Niowdg (G poeuds 53 (o yglio 3,0, (o ad LS Y Jgua

& T [
Yaqoob etal., |[#22 ] b Conte slapians (siludine Bl (gjloand sbacsyold 5 (M sbaodls jl g pSope b pojgliel b silodisg 9 Cupe
2023 A8 oo Wl pwll 18 e 50k 9 (908 o) 5 y90 00 Cugi b g 038 Modgn
Wang etal, 2022 Sl ilodund (T cbaosls g Loy oS ) osliul b g w8 oo 5L Ls,»e(u d)ﬁ;““g ‘d‘)% St slagsdl w;f‘iﬁ d)h‘%f" 5 d;’uf“f.
3 oo Wl 6 Sl WU 5 Sy b Sl (A Loy (54
Q& Mgps polel e (Jious clapyd o plolid clac)lS i oslitul § Gloss 59,8 Jbumud b eyglie] kg oS )lie § loss
uru, 2023 yglice ol B 1) (6 S el slaan] B )0 08 )l 5 el Ao
Yaqoob et al., IS g g 00l 331y Jlizdl g (oliasdl by il yglgs IS g’ sla o g Sl (slopyisly 3yl 51 poy9lke Siadgn sl
2023 B o (Ggm (§y9l95 Cuom

1 Cyber-Physical System



Ae O B> wadgn slo gl oa] (5l sl 158 opslie slalad olislo Julowi/ )Ly

dold Slg5 o v pps 3gus o dloul 1,55 ,5 (6l (63,84 paie (glavds o5 ((gilre Cumdly (gy9ld I oolawl b o
Allam et al., 2022 ot BAE ORI 2 o e ? )/9 ’ Medgh (£,553,5
i &l 6 K050,5 Clods )d £45 5 00l )5 S 1) 058 (o yid
Bibri and Allam., | csle! plradl 5 (5855 CubsS dge 41 9 03,5 Caghi | (loil digm 5 Bl (oo (5jlme SloolRilylos g ok,

2022 LS 0 S8

Ladigh (S5 oS

Yagoob et al., [ 6r5td (nl S o0 Joes |y Lodiz jo (0l 9 (6351 Cuate e Jlzed sbaslBes 5 (oiluodnd Gpbo Jl poygliel L
Mobgn 45 5 (555

2023 S (oo S o slasiyl S &
Bibri and Allam., [4x9 5 ) hegie olal g 02> W)l 1) diedon SlyaSo g (Sl pagos <8)lha g Cdlid b ujglie) (535l 5 (JuS>
2022 S o ol |y il Sty (gl 3l IV
Wang and 9 sl Jisg o

Maier and  [cdliae plaastie (g (5)5en g oold (58 1) codles Sl )90 ol Jl (S slap ity 5 (gilome GlaSLls
Weinberger, 2024 S o e |y

Kosigr (sbaaSuis

Kodon bl (slacudl yo

lojod bl S o (KaS 6yt (S CriS S9sg 4 <ol (s> b gy (530 (6l Sl b o yolis ) o3 S L) oyt
Fluo opl Jlow 4y (glod S Slaiss dbwly cpl 5 ol 385 awyp diojls &5 W)l> olped 4 55 Sgild g el (8 oo yill>
3 e sloodly y3b (VYY) ) en 5 Ko (b ] 3 163, sy 9> loss g baclu s 3gu0 3 1y 03933] Capsily g ol
e B L (VVY) Ty izan oS pilae |y o] (B gl il 5 008 Ll |y eyglie 13 b slalame (siludinge
le3)8" o 1y ] (siodgus o)) sl ptlly 5 03,5 sy 1y i o FA 5

Jk anogs gl o] Cuanl 4y g 03,8 oo 1) diadgn sl b o Gl 5 oyglie sloig) (VoY) T (Sugie 9 Sy opipan
o ils 5 5lo3,S 15T COVID-19 Lol j1 s (ot Y55 55 ysyslio 3plS s 555 dY+YY) YT 5 (o pms lod S 0,0l oy
bl Ll o gl g gl el 2 o (Yo YF) VT g llllas )3 le3)S o]y (698 (] o (stivo Modom jod S olox]
ooagtie (6y9kd S 5 3 (VoY) (an 5 Tlousil cl 03,5 s Laipe (S8 Ll g (505 (S5 kS d9a0e 1) o bl s
Ohen 5 ooty iy e > oS g s 30ed JBg e dlax S cilize mlio 1> 2l SR g e (S )
K13, 4T w¥ole (oolaidl g (IMS] Jouol (siloodly pgil 32 g 03,5 (wyp |y Sioidon (cloyud p oyglio (ooladl I3l (VYY)
031> )l Igm (ol JpS (sl (Jaa g 4oy (6306 (5L g (590 sl p8 g wyglie 5 (Egan bom pIb 4 (VoY) Lo
iz 5 ool )18 g0y 3590 1y (6306 Ll 3] 3910 53 03938 Casly (gl )gld (A (VYY) A JlojensBla 5 oy e pipan
103" el 650 Ca e )3 1) opglie 9 Jlimd slaslBes (oljilen VYY) SUlsk

S paS slo sl (VET) oS g oMo i1 1 s sl dmogs 33 Ly yglio (sl b 5 Lo il 4 yiomed o ibgly
oS Mebg (sl pagrie Y8 (VF4Y) (loloms ok ) (ol (slocsygls (i 2 48T b s pglio Siabom (sl )
Opslie sl 42 35 oV VF) )lKam g 2 9 (V21F) "SIl 0 )] (5 So010T (sl plmdyualy g oy 5505 9 opglie b
Siadgh (glb g )3 o yglie drugs @lge VYY) ()l g 05 4 Jlo ol oo ailyglgs oo g (506 By Je> 29580 0
o oo (slacs )glid 5 (oyghie 45 smd o it iy Sllllao guls Wlod ) )yt csopad 2> g Cuel Slodine) )3 gt o)

1 Meng

2 Kuru

3 Maier and Weinberger

4 Wang and Medvegy

5 Alam

& Anubha

7 Chatzopoulou

8 Bibri and Jagatheesaperumal
% Farag



VEoF b F)Y (gladlaio Do o] g L i AY

Ik drgi 9 (5 e Slodd (gl ( S9) CuisS G sl (2 Vb Cd ) 03938l Cusbly 9 Jliomd slaglies il oyl goren
Sl iy L 8505 4 0 ol otes alox 5148 Slazlge lacydgams b il cnleJ ol L5yl dtadon (sl e o
e cpl jl(osloms 355 o)Ll 60 0y (sl yin 3 (SiloSlblos Bl 4 (a2 58 5 08092 9 Modisej Cldlllas (6 6L
olopj (S3gw8 o lapille b oS olg wile (pla g NS (ol CbLAB] 4 g xlad )5 JSS abbanngs sl jeed Cgzle 5
Obe Jolei o yimgsy el > cpuizman laiily K g laslas jeomeodly JlpeSs 3 axs g olad (gplpb (xes WST
OioRy bl cpl ) sl o Jilod g pday (e (o8l sLa 3 (gilwesly LB 5 a2 )LSe cop )l S 5> A iy slaisslid
)| el g 55 0858 oo Sioats] (63,505, 3l s xS b g IS A 3 o glio (slalad ()l oo 51 3 05 L ol
S el (gladinej o lpeSo c5)5lid 4 o Bl S0, )3 B ol lyglys aui am l)) (60 Sy pde (62175 (5)lk
Caz ) Fe (o Wlgion g 48,5 )8 drgi 390 pieS iy (ele Glodl 3 & egudga sl GIR5 (med o 9 (o2 (S

A8l oyglie p (e diedgn (o pd (3)8 9 (ogie drwy

B9 H ) §Slge

Mol (459155 gl bl o (ilovim o 95 Ll 4y 5 (03,28 Bam L jl g el (mgiiosnl 3,05) » (sitee (gl
ol (> gy Jolye sl 0392 (4Bl )l b (sl podizz ¢ s 5 £95) (A oy bl g (libony 9 o3Usl gllLS” b
(s3] bl b lodog dolitusy @295 b s ol 205 sloailze Sl gl o] (VY 9 B 5 bawgs badlge adgl bl
Sl de g ol (slagy s (2955 (Sl S olep )3 sl 4B )S y0 oS (sl oo g o plosl Lo yaSls (6,8 g ()8 50
CBl gl lxe 5 00d odlisl (' dglS (g S digad) Wiadan (S eigad ) il e D wed Sl > ol 4B ey guilS elgs
O3 (tmess ol (6 )lel dmely il 036y s s ISl g Simgfy > S Lo QU1 5 bled e los 4y g a5 Ll ol 5 5
dnol> g UILaidl dacun jolosT s ol ojg> 3 I3l plaasiie (s ped GBI s Glpde s Oyl (b))
Cbl Miadin ygods diges p lgisds a5 Ve gldd s 0l y8l Cud (gl mols 0303 oL G dgng pae 4y dn g b oS WSl o (bl
ST 3 ndilhe cpl el Slatel Cablf 5 o 5 lisabol (slyy g g 15 bl imgg adlge VF Iatd (bl 5 gy sy 5 55
g el I B a8 S 13 555 byl 2)90 adlhe w0g)F (pl bawg pf¥ oMol g by pldl L )5 5 (B, 5 (laass
3 sled gk g1 3 503 b cpg alo o )3 255 Sl S50 belse plgieds aled g Vo ulyg 3 095 Jol el ] colis
3o dd @ig opd g paastie Wld)lS (4Bl lb b dogd dolidinyy s - 23)5 QBRI Jlotig o Caar pad L Fe olus (B 55
2 i3 el Y+ il ) (ool b (6 il 5 (63, (slise o pusite & bolite Sl ile gzl o b 03 aislss lagy]
4 «PY g 5L; 15l clino 4y €aw? chauwgio pib (glies & o i 13l (line 4y €SP 31 oy (sline 4y ao» djliiel o)
g 35 o3lisal "3)l3g g2l 31 2o slagy i (2985 sl g TS Saoyljiley ) golite st oo (sl sl ogill b (line
2 Fye 3l olse (53l sl g ol JI5 5T cla it ash] )3 50 gl 5l s 041] Cunidg 1 o (SIS (sl et
0b &S S 4 a8 RBOMS 5 iadbgr (slajed o] ()l (sl S5 e glie (slaliad

aaJllaod 90 08 gm0

sl 6)ll g siedgn (sgwdr IS Sl )3 sl scd )b g lagyille 155k ligel ol coml plaiear Gl BN
Sl dgn (Sl gman (IS b 05 s ROV ailate 13 4 (ygelee VO ) e 5 (S pted e 13 4 gelio A il inex L
33l sp9p0 1) ol 3 sl (laliad assg Aile (g sl )l Sl (s pSo s pof) 4 Casgpgy amacins (5L 5 S
g DMl ()98 )3 paastie e iadge eloin] Closd Gozen olo)lpl 64 Al Gl ) dadgn e §E5 <) ]
(Hatami et al., 2023) b5 (s,0 (5)lub 3855 > oaulS” i &S Cuwl K395 oyl slacs oy

! Snowball sampling
2 MicMac
3 SCENARIO WIZARD



AY O B> wadgn slo gl oa] (5l sl 158 opslie slalad olislo Julowi/ )Ly

520000-|

G&
&

5 G3 s
S tint
0 e
i oL I | p— L
A 4 <
= -
) | P
/ {
S
R |
2
0 25 50
——
S 52° 5.

OIRF AOYE (2Bl Re Cudge T JSUS
(VEF 05,55 zme 5)

baidl &1 5 o
Ol 55l pac simd L (YEV) b o 31as e ys (W/8) il o ilo (S 2o pd b i)y gz g BB ¢ joline @l sl olge lo

Ciliseo 5 oaimd Lt pitane Syl gl (FoF) dw g (F+Y) 93 (¥+)) SO oluw plai yauo e polin &S oy ol Jolge 5

potdians o § b S 3G il (S B LS 3l Julosi =Y Jgao
Mopd Sy o> sl P PWIR Ko olass 40 Sl S oo dlas 1SS olass o ple dlal ol
w5 AYYY iad) voF voy ¥e YsY Y ¥. e b

(VE ¥ cLigly sloaibly :ain)

@Y ey 5 (638 b gl LSS )3 sl o8 amd o ot Sty b e ple Julos 110155 )3 (Siaantly — pd U Sl
zhysl Gl Jae (Sobl g o jasls jle by, ot oaimdlis ol lodwasy (AV++) JolS (o5lub 4 pgd 41,5 55 ¢ (£AY 4 Z30) x5
(7 Jgte) ol s oY diadign (sl ol (5l (sl ;518 opslio (slalid (o)l bloo Ca slS” slog i

1S5 53 (Simnly =56 Jlows -Y Jgan
(a0y) 528y 80 (a0y3) 5,18 5 o2
ay a0 \
Voo Yoo v

(V¥ ingsy (sloasl ia.2)

Jolss ol 03,8 saipaile i oz 0 1) Badls meits Sty sl 4l ioalinms (Samtly— iU 15905 Sl

b slS Jolse lsisas g i o8 (Sily 9 Vb (635,50 (el eiyls )13 (Jluzms (hjsel 5 Lolis (aals) Vb G Canns 53 s
(SRS (SESS) 5 o 33 oS (S Jelss it 553 Jolss 5 ot Ll il (o3l 1 Julss S0 5 aigh oo 4Bl oty
o135 (b8l (655l 9 4Byt (65l ol @lio (S o ()9l (laisd Jolos ¢ laud CuoyB ¢ o yglin Bl e gjlonn (5,K53)5
Jie g S bl 35 (6ymi5 o 5 died (olus jls Byste o b Jolas ) o bt Y (Sily g d)‘g)ﬁ‘b shb> g



VEF i) o(F)Y (glallnie (Do o] g Ll pia AY

3 (e sloojay) oml Go Cuws 3 (15 b St olse 15,5 o 51,8 50l cou sl 3551 4yl 5l iy Jelse ol 5 355
(Y JS8) w8 oo ol (S8 obigs > (oot i85 9 )1 i 2 (0 18U Yoemo Jalge ] 1) o8 (Saunly 9 ()l 50 9 25>

Direct influence/dependence map

== o

Inuence

e

o =

PEET :‘:
= =
== H

dependence -

s Sty 5515 oy Y IS5
(V¥ st sloedl )

021305 gusly ol o Sl s il s aliamns o g oallino 3590041 (6 5234 53U 9 5135 53U (sla b LS

b cudlid 4adls g (5+) it 156 olime 03V b Lol Gials’ (asls canl 1005 5 ol )38, line 13yt (slacgli

OtreS (1Y) oilre 4095 5 (YA) S o5 e (lopadlis ¢ Bl 13 )5 503 slosasls e )3 1) )18 ,85 (o yides (0F) o

5 (OY) cuodlos s pasls & bgyys syl (VU e Syl )3 60l sl ool & 2395 b i)l 1y et 1T

Soasls & bl o Fonb (Jlis )3 it (il (50 3 b asls (ul b el sxad s o din (08) e 5

ly 515 Lopslie colad oo ) b jasls ol o8 18l samalis & W)l e (VF) Jhomsd oM g (¥Y) Jlizms bjsel
{F gi) an 005 RO 5 diadgn sl ol ()l

oty B pad L pulliums o g oallinne S1pi U 00 -F Sy

Oyl 5o &yl ol5ee lysb lsee lysb olsee
26 6 26 b 3 26 26 6 26 c 9
srh | @IS | eed SIS srd | eS| enb SIS

e o Yeva | )-S50 Jesod codl v\ 00 oy VEOSY | V-FEFA e Copie \
4 oy YANOD | V-¥haY 193 ol 5l 6ol YY e 5 MISA | AYYSOA Lol Lials Y
oy 1% 1o£YA | QALY JERTRPIONS Y £y ¥ AVA.$ vaaay b wbe ¥
oY ) Voofs | va-vy oM clae ¥ ) oy AMAY | V-vEYY e sl ¥
Y 00 CYEY | NS | ohydelip g eyglie Yo Y £0 YAOSA AVAVA clexs s o
00 £y VWAD | AAYA Jhzod iles Y5 5 o5 WY | N -sed cudlas 5
£ £ aavat Aseoe Jlzud o yiud Yy o5 oy VIVEDE | V-A-Qr obe sl Y
o- o VOYYA | QAVY S (6 jlwdnid YA £f 133 AYVY aravy olind Jolss A
4 Y AYSY- AFYAD Sibre (6, 550,5 4 of £y VAW | ASOFY AYole g yiud )
oy Y VoA | SSYYY Sbre 45 Y. £ 1% ariay as¥a. i cuoyd V.
¥ Y AYOYY WAYA | a5 isu e | ) 00 o- Y-AA [ Yee0YY S il N
YA £t YAQYA AYASY oLasdl dnwgs Y YA YA vavy- YA+ -V e (lanosgy Y
o 0 arIve ArIYs v yglie dlasl s A £y aary MY Pl gl [ Y
o) Y VoVSEE | VYA ool ey v £A . AAra. A-vss A iy (Gilwdmd | N
o) Y VeA-¥A | ADVAY Jksos sely Yo o- 0 Y43VaY | avaey odly (S LS | V0
) £ HY-¥ Ad- ¥ olaidl (¢lgs ve ¥ 00 YAREY | VWYY | S pide (¢S pmenal |V
¥ FF AYD¥D A-¥F¥ &5 Sy % 4 4 QASY SAYAY Sy Copte | WY
) of FEVAY | 10 Jezd hjeel YA £ ¥ Q.38 Yas¥y Jig e (5y9l8 | VA
4 oy YASAE | V-0FaF by inles] I £y £A aryss A3A0 - b Jagdes | VA
0 or anay | ey Sl ials f- oy ¥ VeSAS | AYAAY Yiodbgn (glaasus | Ve

(VF-¥ e ingiy sloal saio)



AY O RSO > iadgn (slo g 012] (5l (sl 5158 o pslio slalad (olisbo Ll g )Ly

b oS el o] ()I8,85 o olsl 2 gl (e Loy, imd L5 edtane i g et Sl Jloged (F) Jgio 4 4255 L
lyst o bolas g Cands sl oaims ylis (S bglas «l sl o5 3168 ;550 prdlais bglas ailond Lasuie Gilisce bglas-
o) i3 gn L3 |y atonn i Sl s 308 bokas 5 (598 bsmd il 55y (o gl pizgen am3 o iled |y Langie
Cupmtl g 04y Ly o 42 9 08 oo paitio i) o yadls plo 1y 8 i 4571y (63550 9 (SIS (sloyad s Zadgts oges
(F 9 ¥ JIS) 5 o S siabgn (sl 01] (5ol (sl 518 o yglie (slalia o )3 o el s

Direct influence graph

2
:
3
=
o
ES
8
Weakestinfluencss — \Weak influences —— Moderateinfluences —— Relatively strong influence —— Strongestinfluences
M).:"’ "AM" “%L’Wﬁ“” )Q;U)‘b’&;—‘ﬂ M&
(VF+F cing, csloasly 1o
Potential indirect influence graph
==
2
:
:
ES
]
ES
3

Weakestinfluences — \Weakinfluences —— Moderateinfluences —— Relatively stronginfluences —— Strongestinfluences

w0 yd Voo gy U piiane po i 413900 —F U
(V¥ gy slaaidly ss)

8 ln a3l o 3 ol (8) Jpi & g b bl ol 18 e ;iU g (IS 0 3 ol puiy SRS gl
S sl Ygona olnsabli pl digh o 5l ol S e lpiedy 5 2513 i )3 Gl (385 Ygamn 50 )5 ) 40l 3
@b 2 eotee G eSS pl (rg99) 4wy o g At JIS 5T o F 40 b o aS L At e o sl Aok g
2025 Ygana W padls () 35,108 o 15T s 2 e g Wlitanly yiii F 40l (slopadld Lgd Cypta CE34 1l g 5yl s
(B JS5) 3585wt (3L ,05b g ditaan it F 4l sla jadli s giame > Sl



VEF i) o(F)Y (glallnie (Do o] g Ll pia

AD

O oy (SBg i (gsailb -0 Jgua

Ol iy, (B 23 L

aal

oinlejl e cla)lpl 93 oly 3l oyglie (Jlumd oM (Jlumwd (bigel S jute (¢S maenas iyl g wyglie Lol hals
COXB0,5 (dBuE s (silore ()RS by

(5 ,56) ) asb

il (e Gl Jag es dmosly (o )b sy (55lwdnnd clio (6 0l Ll (EalS (g pod el wBlas (999) ¥ 4l

Jaigdon (655l5 ceobaidl (gy5l55 o Jid Caoy oo (65l e lakid Jolos oo pglio SlaBl | (Loala) (638 0 4l

450 Waigh (rdSud (o Cllie @Wole o piod ¢ Jlmud (ioled cdid iy (6lwdnsd cyoul C ¢ Jlizd Sl p Jlznd (o yiwd

S5 Sy pe (gilne

(i) Y 4l

e claoggy closs LIS ceolatdl dngi ¢s5 2y oasly aobie (Jins) ¥ 4l

innuence

(F-F g csloaly i)

Displacement map : direct/indirect

==9

faub

ECEC R R 7]

dependence

S 9 IS WU M 3 oasL ST loged - JSS
(V¥ ngsy sl 1)

oaals ol 5y (sladd, qeuiine )‘Jf)»b s yadls Lisu ) Wﬂ& 9 rggﬁﬁwuo )L\fﬁw Ls\bua:-luw LRI

Syl )13 sanasy sl o el caby g cwdle cllie ((glre 4y oS e Wil ola sl ( blae j3 .l JL dxwes

ooyolie Lol Lials 4y 5y s, (i a5 5L by pasls (5w 10 )l acuglyl slajasls 4 cund symeS il a8
G clis (g5lre 420 oS )0 o e Aile ola el &S b o o)l (olais] S ide (655 paewad 5 jlisl LialS (5,400 g
(P J932) 35,15 (6338 waditane yoé (6 1S 31 g 18,5118 Sl oas) 3 el €Dy

(B i § pions )l_\fﬁl}' Sl gauad, —F Jao

ptons JI5 5 (gl e

)

ooy 50 Sl i

&

(oo s )»Lv b yusio

obiad ol

ooly (S LSS

A}

Lol uals

—

Lol yuals

ooly (S LSS

u»”tbo Sl

Yy

G o2ely 5 ywyglie

o oo

Yy

S Yde (6 S ey

S Yde (6 S waoucds

Sl 8y

3R

y¥

il ials

S04l g (yglie

s (g5

AYole g yiawd

Yo

Jhomd 3jgel

Jhomd Sjgel

Jezd Ll

JRIRCS IS

\tg

AYole o yiawd

ol dnwgs

\a%

e sy

il als

Jeod (i

Jlss aaly

YA

e sl

e sl

Jbuzws Lol )

Jbes Hiales

ya

o> <|v|o|=w| 2|

abe syl

solaidl gl

JEzd (oo pd

Y.

ooy ikl

—
.

29 ol jl o pslie

&t drwgs

s3laidl (g5l

Yy

&lio Cypde

iy ikl A\




A5

O RABMS > Wiaign (sl yod ol (o)l (sl S8 o yglio slalad o)lisle oo/ g Wisw

Lowbgn sass

byl (Glodnds

Yy 90 oly 5l 0y0liie

A Sl

Y

A8 pdiy (o

JBgde> 5ygld

Y e il

WY

b ple

ok ple

v¥ Sl &g Jo>

SRD

VY

JBgde> 5 ygd

Losson (sladSus

Yo SRD S jlwdnd

Sl &g Jo>

A\

e ooy

e oy

\rd sl (6 ) San

o Can

e

vV S iy

Sl )l

A\

CeoMs e

oM e

YA sl Cusyd

Sibme 5K )8

A

Silme w0

Silme 450

4 Sibre D)5

D) (S sis

A

S5 Cypde

S5 Cypde

¥ u»)ﬁlfm Sl

el

(VF-F imgs slaasl as)

35,5 elo ol 28 oS wimd o L5 3,509 g2 ylias I3l 5 Lo 55 005 95 (sl s 0] Lokl (g L (a9
Cedlad (laihsd (o (il i B ol 3 Canl Sl Siadgn (sl jed (5)luk (ol (oygio CanSid b Culgo 13 (k2990 9
S92 low e Jlio )3 29 o0 (S Alops e g (5551 Bpan Sl (eleiel Cllic gm0 4 jomie (qwpglie GBSl ) drng g Coial
s Ghecins Gl 5 @l pl e ]y Bopslie (Jliomd SIS il 5 codlad pas (o pe cins I 06 Al
Jo agorte 4 Wlg o e g (Bl OMSUe > 4y oS amd oo L5 ) LY 5 0ga0e (placd il dils (ool A5 o
{V Jgie) ol sitanly (laitsd oo 2ol Jalss 5 oy (logyes e Sy ay o pslio s ol by fio

o] Jloisl slogs lns ¥ Jga>

92U (2l Al

PRI EPPIEYVES

X990 (5 pile

Ol by (59 i

92l

e Mk g ool gt 4 o glie
s deder b lub
S S g el 5 3900

35850 SIS wlop il 5

alas g Jlowy  owyied
el Jood il icuad
igiome e g el Sy -
o yglie Sl 13 Vb (590 0
Gl eden glaaSs -

ol wBldguy (6 0

O s ol g cudlas
. 50905 dlaiel

plasl el 5 jlul Jaig e ~
oo p o b
Sl 5 Gl )ea -
g sl Closs daus :lbodld

iSryraby g poglie o LB Lials
Loaiyge ol g plie (giludine
o (hjgel 5 (ilbme (6)555)5 —
Sl possie clin 5 2T cugis
Ol

ileil g Syide (xS reas -
obind e ol 3le sbl icd ey

Sliy g

sloslas I ate 4 gl
o33l s ool b e laa]
b Gl WS
Sl & (agos dlaiel g 29 o0

95050 O Jl diedgm

alae g Jhowd  wpwd -
s Jiowy GG e
Olodd &y wyiwd ) (gl b
Silme 25 g el €Sy
bl o e > (ol 8L
3k adon el —
S S)IRhL g hnd

0%y O i e el 9 cudlads
o Jd 4 eges oleiel
G > el Jg o -
LSS olasl8 Lzl

odld (S LSS g ywygtio sl —
ozl Mol p3 Caxs

iShely g oglie 9 LOW (ials
2l S g il o)

il higel 5 (silome (650 5 =
Tl )5 Ginds g agas €5 Lo pis
oilejl 5 Syde (5Spe -
oliizd Ol (Simlon pas il j

wlps

Gnl p lawsie b st
B pd )5 Niaden (ol yod
ol 5 Lelenl cllie diej
bcodgioe bl oyls dgng L]

G Blo (Bloys g (pde
Ad d\ Jel5

alas g Jlowd  wpwd —
B 9a0w dauy Dl

bl
il 4295 9 el by -
ladl > hwgie g0

osbie
38bes iadon eSid —
S Mo b ol pots Lol Cuwlio

Lol o dgae 18 0ed Caial g
.a.\}lnu_'él.g M
il Lhels g Jlul Jag e -

Sk g il ¢)Ken -
.S g 9000 loss tbaodld

iShaly g (oglie 5 LOE (ials
Codgame b ol pats Lol uund by
il bigel 5 (siloee (6525 =
.02l b yisu 4 dgdoe drwg
(Sl Sinla 5 e (S =
ul:xw.! uL.,o o

il

(V¥ (g (sloasl ia:2)

Bolguin 4151 g (5 305 a0
P SN S Gl g sred dregi ln |y lablo o scus b (yglie slalad jols 5 iz syl gy Y 9
a5y (s Slpss g pg lacslop) 5l (bpte o S plas ol il flojen Lol wwl 0357 wal) b ol M



VEoF b F)Y (gladlaio Do o] g L i AV

o yglio slalad 5840 dxwgs > 50 g S (sl adls mgioan] Jio 5l oalitnl b cuol o MW imgh ol )3 .ol azily ol yon
D w2l 60 (pde 5 GhISCwliw sl Slles (as)le U 8d (a5 ololid olies »

Silodintg 9 (Bras )l (LS (olis Cumnl Sl & 00,5 ko e 3 048 (s g 9 il (S ppidte Olgis s ALAE EalS» (jadl
13 Lol als & )5 45 (Y+7Y) ohiSan g gn cldllan gl b Sialan ;5 bl cpl ol uoyglio (slaliss dmoss ]3 5 aolie
Ay Co e Cuodl 35 (VVY) (Sen 5 gl (gl (iomes 103 ST (Byme diedgn (slo ol CuiBge WIS 1) KBl 5 (G5l 0jo
ol dgde 4 )] (gt g Sl 350g) 3 3G (pl wae e Lol S 0 ST Jlios slacsygld o)lul sis 2 1) Lol
OBl oy Slllae Sl ()l ) wund 4B )S a3 13 55 ) e g (oloinl ((Sin 8 oll (SJgleiSS slaaiz  ogMe o Cunlolis
PN gle b (a3l (e 9 05 o i3l & do g b e 5 S oo o dgume 8 sl 48y Lol
Slg¥ oo oS odddy jui  dawiis 3 paly S aliedy ddlllas pl 0 Lol (ialS woei (0 Ded (6yS bl ed yod s S lin b g
S Ll o ygtie dngi Jalge plo 0aS Jigusd g oS walals 5

Iyt s> gppmeodh Coghl g Jiomd S lee dnwgs oS 3 (Lt gl slaadl clyglss gy 9 Jbomd G3jsel i
Solee gl)] 5 G50l Cumnl & (Y4YY) (ySen 5 Sig (slaingh b @l cpl cusl ujslie dnog odip iy Sle Jalge
Sy a8 Jluous Jooo 3o, 03l Cupte Lid g 4 (VYY) o)Ken g glo cpimad g 25103,S ST g (slmogp yo 1y ailyolid
18b a8 Jlioms ol B s 52 gly 9 GH 5y BB 2 3 (Y21 +) oylan 5 5olby Sldllae e 2 ogMe unl il yon
DRk el pobods )15 olen 4y (gl (slatlle (glite (Kimyd g Slojle lajlible Jd 4 (s ol Laulpd )3 o8 (gpal i)l
Ol ol glo s ©yg0d Wl e pomaie oBigel (sdaly (MBS 5 jslg (6 M &l odly LS (VYY) s
Cnl shagen 3 )15 syt (S D sl pidugsl 9 (SO 5uS > 4 GlRd 5 dlime ol 28l laglejl )3 ngi (slacs yglid
9 ol g sl o pglio dnusgi Cage (Lol (gt glsi (g ymy Sim B bl g S slobisel setus drugs & €S olgie (i
g gl Kinled § Slatger iy 2, 1 e

4 cdluly (slopusito Glgie 4 Jolge cpl 453l LS gy yied 5 ibre 48 oMo s slaadli 0)byd gl gl
1248 (VoYY e 5 59 5 (Vo7Y) S 5 S ldllao ol | loasly ) Atk (305 5 (65l Jaloe plo b cow @
2ol gy Sty Cglis 4l 2l Bl landls 48T (g (Slacs)glid 13 18 g yind e g eloiz] Cllie & do g5 g5
S Jo )3 g LSl s AYole 355 (9) ol ydes 35505 4 Casl 0l )3 (VN ) 5 Gograls wiile JMalliye Sllllao (301
clie 385 )3 (SIS (s (3B iaddgn (Slagy ISl 5 5698 (o3l pllai g At (B oleBa Loy il adllas >
a5l 18 cng Sisygld ojex ) (gwyiws Gl g Cllae 3855 &S A8 (oo (59l o 4 o () S o ] 5 > Sl
e cpmoud e oplpls ] @l yyio 3 a9 b 6 S paanad 13 Cudlad (gl (slacud s ool p il 5 sl Closs &) ¢ Sljpss
oy el il 29000 b L o Canl (S 9 ol (63,509) Mol (o yglie (sLAS

sloinl &8 )lie (iE5 oaim LS oS C8L (63h sl Canonl g0 glie drugi 53 SIS it Sy (lgisds S yidio (6 xS waenal paS L
ohBen g gld Giagg claaisl bl > @l ol (ng Glasyglid dmogi 9 Gopd @yud 2 ez sbedil 2Bl
by Jlomd slefs Cudge (sulS” Joloe lgisa |y ol (55 ol (sloai] B g (nex S Lo &l Y0V )0 5 (V4YY)
2 &S Sl Glis oy 3 (rer GS el Gl 5 (S )lie Kk oy gl Sl ngh pled drg (Jlcnll lod)S
dnwg Lol o Slojls Sl Suzm 9 Gmer 95 b 80 (Simh g slel B ls Cusl ondably ol 4y S ety Slallls
sl Gl cplple 955 wald S yide (655 mrenad gl cuslio (sl i b cusl el (slodls Cogli o (5 Lo slocd b
ity 5 Bl o Sl 4 4l S o it ) (60918 50 s 0545 ¢ )Mo (65 mnnal slasiy] B S5 g olaza]
S oo Ll S8 a6 (s

9 S Culis 1B p & 2B )18 dggd (sl it ol ) (e S 9 Cudlad iadgn SlpeSe sl padld (ol
(Yo¥)) S g cigh 9 (VVF) ()lSad 5 o8 slostimg3y b (a5 o) (sloaidly 335 38T o glio dnmss g 5 Nasbgn Copdo
G5 () 5l gl 2 Slsren cladlyy wadgn clajeed 3 S s Glacanlis 5 (6)5l8 SlpeSe lacs )l Cueal 4 oS
ol S5 giSs sbcd it o (Sinlon 5 385 (ly b dwd o U5 & ol g Gacusdly p Bdaio 5 (o2 a2yl )]



M O B> wadgn slo gl oa] (5l sl 158 opslie slalad olislo Julowi/ )Ly

35 48T g S (sl g5k dbom) Caedl pr aSG ) 33,8 Jols dingy (6538 31 b 365 sl e (sbapllas o5yl § <l yio
g Sadgh (JlyaSo dnngi CiS g LIS cnl digex e I8 e LS 1) Cupie g Canliw ()9l )y g0y oS
drrgd o ol (i 63 (oole (g9 j Silod 5 ot dagi Mol g pslio (slalad Cuidbge Cy8E (gt Glgied: oSy phe St
il lgen |y poaie 5 5l
@ R eyglie Gl dag (oS (agadld Jlod g plelid b piagh ool €8S g (2l suzer
ol b S (a8 Syl g (638 oronss (sloiz] B 39s00 & Wi so 45 sl 03,8 bl (60 (o § SIS sl sl (3,18
S U905 g modly Cudgioe dles 14,5 )|,5 dn 63590 0di] (sl s S s ;D Blgs o 48 35 353 g ddlllae pl ) 15 slBCudgde  Jl>
Sleojgrt Majls oS (6ygld Sy s b ladye ol 5 9 298 b oS M b & 2l (g et (S ol Cnl (100 oS
Slaygld Gy > eleinl g (Kimd Ol isaes oy & Wlgiee S lapingly iz Cunl oo g loasls polis
iz LS 54 5555 5 plgy Jlos lp 1y oS 5 AS— S Slabyy 9 531 26 slauslis b gl Jite b g s pglio
5 e Gldely (o) 5 (opglio (SlaLad drsgi )3 (2SO g Wge (soiae (g dile 03 by slas)slis i adllas
bawd &l eas] (gbayedd )0 ol dswss (gl (e slainly 5 A8 KaS 0595 cpl )0 by le 4 wilg o dalad oyl golasdl
9o Al 25 b 4 OlRd RAGAS 5> (g pglie slaldd dnugs dlp 2l g 228 i (iagh @l 4 429
Sialon g o sl otteld slacuslu 2985 Cogale bl S0RD B 25 (SRS opslie (sl S5 dom] @
f e 0o 53 bayyed slaglojles (e
Suly (55 Bpan (ol pslaieds (ndpnaos (sbagi il jl ookl L odly (3ily g (gilwoysd e glacdliy; axeg @
b sk Ao Copte g (28 layg e
5S1ye g molSils (o e o 53 (wyglio o)) Gy BT 5 i slacs)lee (sogas hisel sladay g2l g (Sl
el (hpdy g al)slid slgw (Laljdl pslaieds clalxe
@lygld slmofgy y3 Cudlad haljdl g Bl o gl slp (owjglie S rendd 9 (Pl 13 (e S )Uie slap il Sl @
feagos Ogdio g Jiomd (6 xS sl sladie jl spSope b
HLi8l gl oad gl oo Closs  SLb pdscaml (lrog,S (gl all Gyl I awyslio Cloas 4y AVDle poyiod e @
)55 S @blie ) Jliowd cdlis jl coles (ol Blad ) jhe dnwgs g calize

References:

Al Nuaimi, E., Al Neyadi, H., Mohamed, N., & Al-Jaroodi, J. (2015). Applications of big data to smart cities. Journal of
Internet Services and Applications, 6(1), 25. https://doi.org/10.1186/s13174-015-0041-5

Alam, T. (2024). Metaverse of Things (MoT) applications for revolutionizing urban living in smart cities. Smart Cities, 7,
2466-2494. https://doi.org/10.3390/smartcities7050096

Allam, Z., Sharifi, A., Bibri, S. E., Jones, D. S., & Krogstie, J. (2022). The metaverse as a virtual form of smart cities:
Opportunities and challenges for environmental, economic, and social sustainability in urban futures. Smart Cities, 5(3),
771-801. https://doi.org/10.3390/smartcities5030040

Anubha, A., Srivastava, G.N. and Narang, D. (2024), Metaverse and Internet of Things: A Way to Smart Cities, Krishnan,
C., Behl, A., Dash, S. and Yadav, P.D. (Ed.) The Metaverse Dilemma: Challenges and Opportunities for Business and
Society, Emerald Publishing Limited, Leeds, 69-83. https://doi.org/10.1108/978-1-83797-524-220241005

Bibri, S. E. (2022). Eco-districts and data-driven smart eco-cities: Emerging approaches to strategic planning by design and
spatial scaling and evaluation by technology. Land Use Policy, 113, 105830.
https://doi.org/10.1016/j.landusepol.2021.105830

Bibri, S. E., & Allam, Z. (2022). The Metaverse as a virtual form of data-driven smart urbanism: On post-pandemic
governance through the prism of the logic of surveillance capitalism. Smart Cities, 5(2), 715-727.
https://doi.org/10.3390/smartcities5020037

Bibri, S. E., & Jagatheesaperumal, S. K. (2023). Harnessing the potential of the Metaverse and artificial intelligence for the
Internet of City Things: Cost-effective XReality and synergistic AloT technologies. Smart Cities, 6(5), 2397-2429.
https://doi.org/10.3390/smartcities6050109

Bina, O, Inch, A., & Pereira, L. (2020). Beyond techno-utopia and its discontents: On the role of utopianism and speculative
fiction in  shaping  alternatives to the smart city imaginary. Futures, 115,  102475.
https://doi.org/10.1016/j.futures.2019.102475



https://doi.org/10.1186/s13174-015-0041-5
https://doi.org/10.3390/smartcities7050096
https://doi.org/10.3390/smartcities5030040
https://doi.org/10.1108/978-1-83797-524-220241005
https://doi.org/10.1016/j.landusepol.2021.105830
https://doi.org/10.3390/smartcities5020037
https://doi.org/10.3390/smartcities6050109
https://doi.org/10.1016/j.futures.2019.102475

V- F e (F)V (ladlain (2o} o] g Ldlpae A

Cavalcante, E., Cacho, N., Lopes, F., Batista, T., & Oquendo, F. (2016). Thinking smart cities as systems-of-systems: A
perspective study. SmartCities '16: Proceedings of the 2nd International Workshop on Smart Cities and Urban Analytics,
Article 9, 1-4. https://doi.org/10.1145/3009912.3009918

Chatzopoulou, 1., Tsoutsa, P., & Fitsilis, P. (2023). How Metaverse is affecting smart cities economy. In 27th Pan-Hellenic
Conference on Progress in Computing and Informatics (PCI 2023), November 24-26, 2023, Lamia, Greece. ACM, New
York, NY, USA, 9 pages. https://doi.org/10.1145/3635059.3635099

Chen, Z., Gan, W., Wu, J., Lin, H., & Chen, C.-M. (2024). Metaverse for smart cities: A survey. Internet of Things and
Cyber-Physical Systems, 4, 203-216. https://doi.org/10.1016/j.iotcps.2023.12.002

Chen, Z., Wu, J., Gan, W., & Qi, Z. (2022). Metaverse security and privacy: An overview. In Proceedings of the IEEE
International Conference on Big Data (pp. 2950-2959). IEEE. https://doi.org/10.48550/arXiv.2211.14948

Dorostkar, E., & Najarsadeghi, M. (2023). Sustainability and urban climate: How Metaverse can influence urban planning?
Environment and  Planning B:  Urban  Analytics and City  Science, 50(9), 1711-1717.
https://doi.org/10.1177/23998083231181596

Fallahian, Farzad, Abtahi, Atallah, and Soleimani, Neda (2014), Metaverse Smart City Governance, Entrepreneurship
Knowledge Journal, 11, pp. 126-136. https://sanad.iau.ir/Journal/enkn/Article/791230 [In Persian]

Farag, A.A. (2024), Metaverse-Driven Mobility: Weaving the Virtual Realm Into the Fabric of Our Cities, Kandpal, V.,
Santibanez-Gonzalez, E.D., Chatterjee, P. and Nallapaneni, M.K. (Ed.) Smart Cities and Circular Economy, Emerald
Publishing Limited, Leeds, pp. 261-278. https://doi.org/10.1108/978-1-83797-957-820241021

Hatami, A., Sasanpour, F., Asadzadeh, H., & van Bodegom, P. M. (2023). Scenario analyses to reach smart sustainability in
Tehran. Journal of Urban Management. https://doi.org/10.1016/j.jum.2023.09.002

Hekmatnia, H. , Maleki, M. , Mousavi, M. N. and Afshani, A. (2017). Assess the implementation of good urban governance
in Iran (Case Study: llam city). Human Geography Research, 49(3), 607-619. doi: 10.22059/jhgr.2016.57235

Huang, J., Sun, P., & Zhang, W. (2022). Analysis of the future prospects for the Metaverse. In Proceedings of the 7th
International Conference on Financial Innovation and Economic Development, 1899-1904. Atlantis Press.
https://doi.org/10.2991/aebmr.k.220307.312

Huynh-The, T., Nguyen, T., Le-Hong, T., Seo, J., Kim, D., & Kim, D. I. (2023). Blockchain for the metaverse: A review.
Future Generation Computer Systems, 143, 401-419. https://doi.org/10.1016/j.future.2023.02.008

Jagatheesaperumal, S. K., Pham, Q. V., Ruby, R., Yang, Z., Xu, C., & Zhang, Z. (2022). Explainable Al over the Internet of
Things (IoT): Overview, state-of-the-art and future directions. IEEE Open Journal of Communications Society.
https://doi.org/10.1109/0JCOMS.2022.3215676

Kuru, K. (2023). MetaOmniCity: Toward immersive urban metaverse cyberspaces using smart city digital twins. IEEE
Access, 11. https://doi.org/10.1109/ACCESS.2023.3272890

Lee, L. H., Braud, T., Zhou, P., Wang, L., Xu, D., Lin, Z., Kumar, A., Bermejo, C., & Hui, P. (2021). All one needs to know
about Metaverse: A complete survey on technological singularity, virtual ecosystem, and research agenda. arXiv preprint
arXiv:2110.05352. https://doi.org/10.48550/arXiv.2110.05352

Lifelo, Z., Ding, J., Ning, H., Qurat-Ul-Ain, & Dhelim, S. (2024). Artificial Intelligence-enabled Metaverse for sustainable
smart cities: Technologies, applications, challenges, and future directions. Electronics, 13(24), 4874.
https://doi.org/10.3390/electronics13244874

Maier, F., & Weinberger, M. (2024). Metaverse meets smart cities—Applications, benefits, and challenges. Future Internet,
16(4), 126. https://doi.org/10.3390/fi16040126

Meng, X., Li, Y., Liu, K., Liu, Y., Yang, B., Song, X., Liao, G., Wang, S., Yu, Z., Chen, L., Pan, X., & Lin, Y. (2023).
Spatial data intelligence and city metaverse: A review. Fundamental Research. Available online 28 December 2023.
https://doi.org/10.1016/j.fmre.2023.10.014

Mohanty, S. P., Choppali, U., & Kougianos, E. (2016). Everything you wanted to know about smart cities: The Internet of
Things is the backbone. IEEE Consumer Electronics Magazine, 5(3), 60—70. https://doi.org/10.1109/MCE.2016.2556879

Mousavi, A., & Hazrati, S. (2023). Ranking the barriers to sustainable smart city growth (Case study: Kerman City).
Regional Geography and Futures Studies Quarterly, 1(3), 30-44. https://doi.org/10.30466/grfs.2023.54839.1010 [In
Persian]

Mousavi, M. N., Shirazi, S. A., Nasar-u.-Minallah, M., & Bayramzadeh, N. (2025). Introducing the Mousavi Primate City
Index for Iran’s Urban System assessment. GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY, 18(1), 44-53. doi:
10.24057/2071-9388-2025-3218

Mystakidis, S. (2022). Metaverse. Encyclopedia, 2(1), 486—-497. https://doi.org/10.3390/encyclopedia2010031

Patr ao, C., Moura, P., Almeida, A. (2020). Review of Smart City Assessment Tools Smart. Cities 2020, 3(4), 1117-1132;
https://doi.org/10.3390/smartcities3040055

Qadir, A. M. A, & Fatah, A. (2023). Platformization and the Metaverse: Opportunities and challenges for urban
sustainability and economic development. EAIl Endorsed Transactions on Energy Web, 10(39), e3842.
https://doi.org/10.4108/ew.3842

Sajjadian, Mahyar (2013). A study on the dominant types of research and developments in smart city concepts with regard
to the crypto and metaverse phenomena in line with the optimal future planning of Iranian cities, Journal of Geography
and Urban Planning, Zagros Perspective, 56, 7-56. https://sanad.iau.ir/Journal/zagros/Article/937818/FullText [In
Persian]



https://doi.org/10.1145/3009912.3009918
https://doi.org/10.1145/3635059.3635099
https://doi.org/10.1016/j.iotcps.2023.12.002
https://doi.org/10.48550/arXiv.2211.14948
https://doi.org/10.1177/23998083231181596
https://sanad.iau.ir/Journal/enkn/Article/791230
https://doi.org/10.1108/978-1-83797-957-820241021
https://doi.org/10.1016/j.jum.2023.09.002
https://doi.org/10.2991/aebmr.k.220307.312
https://doi.org/10.1016/j.future.2023.02.008
https://doi.org/10.1109/OJCOMS.2022.3215676
https://doi.org/10.1109/ACCESS.2023.3272890
https://doi.org/10.48550/arXiv.2110.05352
https://doi.org/10.3390/electronics13244874
https://doi.org/10.3390/fi16040126
https://doi.org/10.1016/j.fmre.2023.10.014
https://doi.org/10.1109/MCE.2016.2556879
https://doi.org/10.30466/grfs.2023.54839.1010
https://doi.org/10.3390/encyclopedia2010031
https://doi.org/10.3390/smartcities3040055
https://doi.org/10.4108/ew.3842
https://sanad.iau.ir/Journal/zagros/Article/937818/FullText

% O8RS > diaign (st ol (5l sl 518 osglio (sl (s sl o 5 LSy

Singh, J., Sajid, M., Gupta, S. K., & Haidri, R. A. (2022). Artificial intelligence and blockchain technologies for smart city.
In Intelligent Green Technologies for Sustainable Smart Cities, 317-330. https://doi.org/10.1002/9781119816096.ch15

Trivedi, A., Trivedi, V., & Gharib, M. (2023). Analyzing barriers to metaverse application in smart cities: A DEMATEL-
based approach. E3S Web of Conferences, 455, 03020. https://doi.org/10.1051/e3sconf/202345503020

Verma, A. (2024). Application of metaverse technologies and artificial intelligence in smart cities. The Scientific Temper,
15(2), 2410-2415. https://doi.org/10.58414/SCIENTIFICTEMPER.2024.15.2.60

Vogl, T. M., Seidelin, C., Ganesh, B., Bright; J. (2020). Smart technology and the
emergence  of  algorithmic  bureaucracy:  Artificial intelligence in UK  local authorities.
Public Administration Review, 80(6), 946-961. https://doi.org/10.1111/puar.13286

Wang, J., & Medvegy, G. (2022). Exploration of the future of the metaverse and smart cities. In Proceedings of the
International Conference on Electronic Business (ICEB) (Vol. 22, pp. 106-115). https://aisel.aisnet.org/iceb2022/12

Wang, J., & Medvegy, G. (2022). Exploration of the future of the metaverse and smart cities. In E. Y. Li et al. (Eds.),
Proceedings of The International Conference on Electronic Business, Volume 22 (pp. 106—115). ICEB’22, Bangkok,
Thailand, October 13-17, 2022.

Xu, M., Ng, W. C., Lim, W. Y. B., Kang, J., Xiong, Z., Niyato, D., Yang, Q., Shen, X., & Miao, C. (2023). A full dive into
realizing the edge-enabled metaverse: Visions, enabling technologies, and challenges. IEEE Communications Surveys
& Tutorials, 25(1), 656—700. https://doi.org/10.1109/COMST.2022.3221119

Yaqoob, I., Salah, K., Jayaraman, R., & Omar, M. (2023). Metaverse applications in smart cities: Enabling technologies,
opportunities, challenges, and future directions. Internet of Things, 23, 100884. https://doi.org/10.1016/j.i0t.2023.100884

Zainab, H. E., & Bawanay, N. Z. (2023). Digital twin, metaverse and smart cities in a race to the future. Proceedings of the
24th International Arab Conference on Information Technology (ACIT), Ajman, United Arab Emirates, 1-8.
https://doi.org/10.1109/ACIT58888.2023.10453803

Zallio, M., & Clarkson, P. J. (2022). Designing the metaverse: A study on inclusion, diversity, equity, accessibility, and
safety ~ for  digital immersive  environments. Telematics  and Informatics, 75, 101909.
https://doi.org/10.1016/j.tele.2022.101909

Zamani, A., & Besharatifar, S. (2025). An analysis of future strategies influencing the development of industrial cities in
Iran: Case study of Bandar Mahshahr City. Journal of Geography and Regional Future Studies, 3(3), 62-79.
https://doi.org/10.30466/grfs.2025.56271.1132 [In Persian]

Zeng, H., Yunis, M., Khalil, A., & Mirza, N. (2024). Towards a conceptual framework for Al-driven anomaly detection in
smart city loT networks for enhanced cybersecurity. Journal of Innovation & Knowledge, 9(4), 100601.
https://doi.org/10.1016/j.jik.2024.100601

Zhao, Y., Jiang, J., Chen, Y., & Chen, S. (2022). Metaverse: Perspectives from graphics, interactions, and visualization.
Visual Informatics, 6(1), 56—67. https://doi.org/10.1016/j.visinf.2022.03.002

Zheng, C. J., Yuan, J. F., Zhu, L., Zhang, Y. J., Shao, Q. H. (2020). From digital to sustainable: A scientometric review of
smart  city literature  between 1990 and  2019. Journal of Cleaner  Production,  258.
https://doi.org/10.1016/j.jclepro.2020.120689

Zhu, W., Yan, R., & Song, Y. (2022). Analysing the impact of smart city service quality on citizen engagement in a public
emergency. Cities, 120, 103439. https://doi.org/10.1016/j.cities.2021.103439

COPYRIGHTS

—G) &)
@ el © Authors retain the copyright and full publishing rights. This is an open access |
article under the CC BY-NC license:
https://creativecommons.org/licenses/by-nc/4.0/ Publisher: Urmia University.



https://doi.org/10.1002/9781119816096.ch15
https://doi.org/10.1051/e3sconf/202345503020
https://doi.org/10.58414/SCIENTIFICTEMPER.2024.15.2.60
https://doi.org/10.1111/puar.13286
https://aisel.aisnet.org/iceb2022/12
https://doi.org/10.1109/COMST.2022.3221119
https://doi.org/10.1016/j.iot.2023.100884
https://doi.org/10.1109/ACIT58888.2023.10453803
https://doi.org/10.1016/j.tele.2022.101909
https://doi.org/10.30466/grfs.2025.56271.1132
https://doi.org/10.1016/j.jik.2024.100601
https://doi.org/10.1016/j.visinf.2022.03.002
https://doi.org/10.1016/j.jclepro.2020.120689
https://doi.org/10.1016/j.cities.2021.103439
https://creativecommons.org/licenses/by-nc/4.0/

