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EXTENDEDABSTRACT

Introduction

The convergence of digital transformation and urban governance is a critical imperative for
contemporary metropolitan management, especially in developing economies aiming to enhance
service efficiency and citizen satisfaction. Smart cities signify a paradigm shift from traditional
management to data-driven, technology-enabled governance, leveraging digital infrastructure to
optimize resource allocation and foster sustainable development. However, transitioning to such
ecosystems requires a comprehensive architectural framework that integrates technical
infrastructure, governance mechanisms, and value-creation processes.

Digital Government Architecture (DGA) serves as the foundational blueprint for this transition.
Despite growing global interest in smart city initiatives, a significant gap persists in understanding
how DGA components interact within specific institutional and cultural contexts—particularly in
Middle Eastern megacities like Tehran, where traditional governance structures coexist with rapid
technological adoption.

Existing literature frequently prioritizes technological dimensions (loT, big data, cloud
computing) while overlooking the governance and value-creation aspects essential for
implementation. Furthermore, most conceptual models are derived from Western contexts, often
failing to account for the unique regulatory and social landscapes of developing nations. This
research addresses these gaps by developing a context-sensitive, Structural-Interpretive Model that
explicates the hierarchical relationships and causal pathways of DGA components within the
Tehran Municipality. This study moves beyond technology-centric approaches to offer a holistic
perspective, providing actionable insights for policymakers and administrators through a causally
structured hierarchy.

Methodology
This study adopts a pragmatic paradigm, utilizing a sequential mixed-methods design to analyze
the complex socio-technical system of DGA.

Phase 1: Qualitative Exploration

The qualitative phase employed semi-structured interviews to elicit expert insights. Following an
actor-protocol approach, 20 specialized managers and senior officials from key municipal divisions
(e.g., IT, Urban Planning, Strategic Management) were purposively sampled. Theoretical saturation
was achieved at the 20th interview. Transcripts were analyzed using Clarke’s (2006) reflexive
thematic analysis in MAXQDA 2020. Inter-coder reliability was confirmed with a Cohen’s kappa
of 0.82. The analysis identified 9 overarching themes, 27 organizing themes, and 68 basic themes,
categorized into three meta-dimensions: Technical Infrastructure, Governance, and Value Creation.

Phase 2: Structural Modeling

To transform qualitative findings into a causal hierarchy, Interpretive Structural Modeling (ISM)
was employed. Fifteen senior municipal experts evaluated the pairwise directional influence of the
9 overarching themes using a four-point scale. The ISM procedure involved constructing a
Structural Self-Interaction Matrix (SSIM), deriving a Final Reachability Matrix via Boolean logic,
and partitioning elements into hierarchical levels based on driving power and dependence. The
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model was finalized using MATLAB and validated for content and construct coherence through
expert review and theoretical alignment.

Findings
The integrated analysis yielded a four-level hierarchical structural model of DGA for smart urban
services, revealing distinct causal layers from foundational drivers to ultimate outcomes.

Level 4 (Foundational Drivers): Three themes emerged as the deepest structural elements with
high driving power and low dependence, serving as the fundamental prerequisites for DGA
implementation:

1. Urban Digital Regulation: This theme encompasses the legal and regulatory frameworks
governing data privacy, digital service standards, interoperability requirements, and accountability
mechanisms. Findings indicate that absence of clear regulatory guidelines creates implementation
paralysis, as municipal departments hesitate to launch digital services without legal certainty
regarding data handling, citizen rights, and liability issues.

2. Digital Transformation Governance: This theme captures the organizational structures,
leadership commitment, strategic planning processes, and change management capabilities
necessary for coordinating digital initiatives across municipal departments. Participants
emphasized that fragmented governance—where each department pursues independent digital
projects without coordination—Ileads to duplicated efforts, incompatible systems, and poor citizen
experience.

3. Urban Digital Technology Architecture: This theme represents the technical infrastructure
foundation, including cloud computing platforms, data centers, network connectivity, cybersecurity
systems, and integration middleware. Interviewees highlighted that inadequate technical
architecture creates bottlenecks that prevent scaling of digital services and integration of data
across municipal functions.

These foundational drivers exhibit strong causal influence on all higher-level components but are
themselves relatively independent of other factors, indicating they must be established early in
DGA development and require sustained investment and policy attention.

Level 3 (Enabling Mechanisms): Two themes function as critical linkage factors that translate
foundational drivers into operational capabilities:

1. Digital Participation and Citizen Interaction: This theme encompasses digital channels for
citizen engagement (mobile apps, web portals, social media), participatory decision-making
platforms, feedback mechanisms, and co-creation processes. Analysis revealed that effective
citizen interaction depends on both technical infrastructure (Level 4) and regulatory clarity
regarding data use, while simultaneously enabling improved service delivery (Level 2).

2. Digital Security and Urban Protection: This theme addresses cybersecurity measures, data
protection protocols, system resilience, and privacy safeguards. Participants identified security as a
dual concern—both a technical requirement dependent on infrastructure quality and a governance
issue requiring clear policies—that directly impacts citizen trust and service adoption rates.

These enabling mechanisms exhibit moderate driving power and moderate dependence, serving
as bridges between foundational elements and operational outcomes. Their intermediate position
indicates they require simultaneous attention to both infrastructure development and service
delivery optimization.

Level 2 (Operational Outcomes): Two themes represent the direct service delivery results that
citizens experience:

1. Ease and Speed of Service Delivery: This theme captures service accessibility, transaction
simplicity, processing time reduction, and multi-channel availability. Quantitative data from
municipal records indicated that digital service implementation reduced average transaction times
by 60-75% compared to traditional in-person processes, while citizen satisfaction scores increased
by 40% for digitally-delivered services.

2. Digital Urban Data Management*: This theme encompasses data collection, storage, analysis,
and utilization for decision-making and service personalization. Participants noted that effective
data management enables predictive service delivery, proactive problem identification, and
evidence-based policy formulation.

These operational outcomes exhibit low driving power but high dependence, indicating they
result from effective implementation of lower-level components rather than driving further changes
themselves.

Level 1 (Ultimate Goals): Two themes emerged as the highest-level outcomes representing the
ultimate objectives of DGA implementation:

1. Sustainability and Continuous Improvement of Urban Services: This theme reflects long-term
service quality enhancement, resource efficiency, environmental sustainability, and adaptive
capacity. Participants emphasized that digital systems enable continuous monitoring and iterative
improvement cycles that were impossible with traditional manual processes.

2. Integrated Smart Urban Services Ecosystem: This theme represents the holistic integration of
services across municipal functions, creating seamless citizen experiences and optimized resource



allocation through data sharing and process coordination.

These ultimate goals exhibit very low driving power and very high dependence, confirming their
position as end-state outcomes that depend on successful implementation of all lower-level
components.

Cross-cutting Findings: Several important patterns emerged across the hierarchical structure.
First, governance factors (regulation, organizational structures) proved equally important as
technical infrastructure, contradicting technology-centric approaches that prioritize hardware and
software over institutional arrangements. Second, citizen engagement emerged as a critical
mediating factor rather than a final outcome, suggesting that participatory mechanisms must be
built into DGA design rather than added after technical implementation. Third, security and privacy
concerns pervade all levels, requiring integrated attention rather than treatment as isolated technical
issues.

Discussion and Conclusion

This research advances the discourse on Digital Government Architecture (DGA) by
moving beyond technology-deterministic models. It establishes that governance and
value-creation dimensions are as critical as technical infrastructure, offering a nuanced
hierarchical structure that captures complex causal pathways and feedback loops-an
improvement over traditional, linear taxonomies.

The findings demonstrate that Urban Digital Regulation, Digital Transformation
Governance, and Urban Digital Technology Architecture act as foundational drivers.
Their identification explains the failure of many smart city initiatives that prioritize
visible applications over underlying frameworks. Furthermore, the role of Digital
Participation and Digital Security as intermediate “linkage factors” indicates that these
elements must be developed concurrently with both foundational and operational
components. Practically, the study offers a strategic roadmap for Tehran Municipality:
prioritizing regulatory and governance reforms is a prerequisite for the successful
implementation of citizen-engagement platforms and data-driven management.

The study identifies three key drivers of DGA implementation: (1) Leadership
commitment, essential for overcoming organizational inertia; (2) Interoperability
standards, which prevent data fragmentation; and (3) Citizen trust, generated through
transparency and reliable service delivery, which remains the ultimate determinant of
value realization.

While this model offers significant insights, its focus on Tehran limits its immediate
generalizability to vastly different institutional environments. Additionally, the cross-
sectional design captures a static snapshot of a dynamic transformation process. Future
research should prioritize: (1) large-scale quantitative validation of the structural model,
(2) comparative studies across diverse metropolitan contexts to isolate universal patterns,
and (3) the integration of citizen-centric perspectives to complement the current expert-
driven framework.

Successful DGA for smart urban services requires a holistic integration of technical,
governance, and value-creation dimensions. For Tehran and similar megacities, this
research provides a diagnostic tool to assess architectural maturity and a prescriptive
framework to prioritize investments. By establishing foundational drivers-regulation,
governance, and infrastructure-before  pursuing  operational  outcomes,  municipal
administrators can better navigate the transition toward truly smart, citizen-centered
urban governance.

KEYWORDS
Digital Government Architecture, Smart Urban Services, Thematic Analysis, Interpretive
Structural Modeling.
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Figure 1. Operational Process of the Research
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Table 3. Continued: Coding Process of the Thematic Network
#2513 welde bl cmeliae £ Omolde
S 3l sl dnwgs

SlaSes sesloy; o9 s SB[y
13,90 ()9l (g5lwedly

e 42 )LSe wlygld (g lone )
SRS

aSud (6 pmle ol ool

‘_5).@(» o> )'.ﬂ),o ngbjlel)
& 2555wl gy ad Ghilay

SR S oo gl

odl> djlwa)#‘>5 9 u»)h);

Sl ilwe i sl Sal,
(GIS) oldlyis leMb! slaailols

Copde (5l 5 sladileles GRS Cpo a2 )lSs slop ity

Mobgn (5 32)4eby sbo)l3
D 903 o Slartses
b loyj yotue Sl
So9ld Sd b (silodiae
Sl )
Sy 5 Sloglats cu pate

SR

slacsloy; Ledon Cople

&9k

Lossgr lods (yilgd oy g

clid 5ol cbhogsls ot glmodly l cilis @ yie
Jieed loss b olas il
Jlzms el bilss

Glodd dy GYole o piwd (prendy

SRS Shles (6l Vg (sloodl> Cagiel

ooly da LSS o e
/ §¥g 8 £5 )b >
e Jlomd (55 pulals
P o3ls Jols (sl s
. Slosd coasS slajlne
Sy Jezd el Lol
Jsus less glysl il
lajlane b Ll (L)
3,8dee oludj)l g )l 8ok
Slles cdlas

Sloss Jlzmd (s >




o Nodod Glodd drwgs )0 Jluzud cgd (ghlaxe Jho &) i) San g (oo

Oy Sl ypanie aSud ()15 an]E Y Jada aold

2513 omeliae JERSRNKER

=2 omolide

s Jlims Jlsls ()b

S o i
Sioign Slajls sl

selyopm (Salan

Jeems Jo25 ooy cople

SRS ($3glp Sanyp Cugs

o e gjlwdialys
Jioms gy g siloSin b

Ol Ghjel
» Jlems Jps sl

J975 sl 0550 slxl
SR Cg o

Jlons Grendly sladymly s

o Lodigr (5 li5ua
e Jlzmd ()15 sl

Jooo Sy oo

s » Glejlegg) Jels

royas s b oS i
i 5 Hojlo slos lSan ’

Mgy b () So

Slejloggy bilg) dawg

Mg 5 g e (2

&8 a5 sl

~ PN
Sxted Jlzs oloss Sk Yol 5 5515 cless

Clots (gl 5, lh

St Slasd aslg o8y

los 4l gaita sl LIS
SR Slasd a2, o) ’

[EXSIPSICEPE

Sinald Sluedy
Juzed cleas

(SLA) closs pdaws (slaaol 58lg5
7eedig phesd

closs LK Ll
Jbows clead Sldas cu pie ’

Mg 3,935k Jelos

] yesis g0

Caodd &)l 55 joabigs (sl g5l (5SS

; bz b pelegi o
aloss &) 45 (g0le

byl sla oo 5 ooliul
s syl s e ity ] ealizl

S e o3ly é’.h‘ @L»L.w

; o3l 6xglaex slasbs,
ools cuilsl 5 g59l3,5

ool s ilwe 3
Nosigr sodld CuaS>

oslo M g e
S PSYTRENNIY

ol boodls il
S slaodls by Juboo

Laosls L;)L»)yan

S LSL"‘"U% (SR




(—) Vb — ‘(— ‘JJLy) - D)L).:é 09 ‘Lf"J}) dLbOLQ}Lu) Co pdo L;o.l& daollad

Oy Sl ypanie aSud ()15 an]E Y Jada aold

#5153 owlae

ol omobiao

=2 omolide

o3ly o ple 5 S

o3ld s sl

osly (lwyjora 5 55l

o3laly8 o e

e w00l oSl

osld (6 ysdy o yiuwd g Cadlads

SRS 5L slaodls o5

5boaly (olas lusbewl

osly 3 o )lg s ') lio

(o508 (Bodly el

Jolss g Jluzes 8 )lis

SN9 S

Sadgn bli) b Ul

e ol (sloels >

SRS Copte slon] glaasls

98 (sl S|

Jlzes oles 81,0

Oliged Jlb 8l ol

Jbzd 8 )l (slap ity

ol (gl ol

Sl ol oalital

g e il pglgp 18]

S Ubigal 5 (5lwiallys

e Jbumd dlgw (sladeli

o 5l ool g0l

Jloes (o890l glio

el (laolS )l

Jlzms wload (6515

Lzl dan (gl closs 1L

Az ity

OVl sl (g gy

S cblis g Jlood ol

R g ) Gl coial

SReD gloodly ()55,

ol cage gl

Jhems o ool

b g pdyeaml Co e

oyt > jl cble
OMg e

oad mp Sl

osly culs)y Co e

SleMbl (g3l polidl

oy m s Ol 5)1S

Jlows Glles il

@) slaaalp cuil

closs cLAPI I cllis

Ui 395 Can

el bl e Cypie




Y o Nodod Glodd drwgs )0 Jluzud cgd (ghlaxe Jho &) i) San g (oo

Oy Sl ygante aSud (6 )5S A8 Y Joas deld

2513 omeliae JERSRNKER

=2 omolide

el (26T )

LS 4 Sl Coiel el

Vg (T (oS

el sijgel lin

Syolo Cluns gilwans

Jleowd clesd 5 Slas (sl )lxo

Ladgr losd 3l oolitwl #

bewlgd )d 4y (0655wl ce yu

Mg b (saeols)

a5 (¢ 5lwainge

Medon (2O 9 Sl

Sloss o gk § LS‘)IJi‘f.

3 ,Slas lalasd il

loygd Jlow sla b )l

SRpte (sl yguily

B s ol

SR

2)9530 p (e dgake

oMo S (6gleas

b3y Jelos

Olydd s il o))

Glodd slacSun ) Copio

Slles oS, lolis

Sy @il b))

Sy 225 o)l

@ gl 39)9 9 (g yiwd Cgpe

Sloj P9 e d

St (8L g ololid Clgpes

Cugn lllagye 2ul8 (Saomn

Cdlyd Casyw g Slogw 20148 53 Jols g odlizul Jgpw

Sloss Cuods plol

S8 baly g day )8 g (Sl

s pbnil b (g e g g,

b slaialy 5 b Joallysins 2959

B e b i & Sl il

@Sl g Gl Cp

S Sl 4 wlobs gl ol

ol SleMbl adgl 1ol 5 55l s puo

213 Cumdg )98 5b &) ce g

(s Aoy Slilas plosl (o

sobleds Ned SSE (ami) ol Jolse I (ooln)
S pmdi= 5yl (il Jde by, 5l dan opl 4 Sl
P o 5 (o ST K gy & 1 ool
UG.S dtmo9u§ ‘_;L.\.yb 2 |) LQ)M uL.p LEVC %) ]aab) Cl
pebie balyy S bag Slesl, jdle G4 oys g
Jio paass slacglas I oslital b paie & ol ol

oelas Ll Gilopsrde g (Priwyliel @lypnl
Jioed cdgy (gilase Jio g0l slaojls lica; 1518
Byo witn (Sl p5 ol i )lsle 5 Lo Ly,
o Bl ool 88> s aSh w48 Julge Chuog
ladyy Jolos b 35y il poalunds sl Sy ) Jols & 5



VO

Sl Jelos g9y dai 5 223 0 el Slatn )50
Goloze (2l (HlBle Jao puawy g (el oaslB Jlosl
ol Jlozed cdgd

<—) Vb — ‘(— ‘JJLy) - b)u 09 ‘Lf"Jﬁ') dLbOLQ}Lw Co pdo L;olﬁ daollad

oY 4 e cdiopllas _\»])9 ol S gl 8 s
omple 225 (SSIM) (ylsle Lelidg o yle
Al ol Glaosls gl puitas e Ly, ¢ lolodgs

(SSIM) (s sl labsngs e F Jguta
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Table 6. Final Matrix
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Table 7. Input and Output Sets for Level Partitioning
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Table 8. Hierarchical Matrix
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Figure 2. Exploratory Research Model
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Table 9. Driving Power-Dependence Matrix (Driving-Dependence Power)
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Figure 3. Driving-Dependence Power Diagram of the Exploratory Research Model
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