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ABSTRACT
This research offers valuable perspectives on the nexus between urbanization and the smart 
environment within the Najran city, Saudi Arabian context. Najran City, with its diverse districts 
and evolving urban landscape, is at the forefront of adopting advanced technologies and partici-
patory governance models to create a resilient, environmentally conscious, and sustainable urban 
environment, likewise positioning itself as a model of smart urban development but is also fostering 
an innovation-driven community equipped to address the difficulties and exploit the prospects 
given by the 21st century. The study systematically analyzes the multifaceted factors of smart city 
variables in Saudi Arabia and their direct impact on urban sustainability through extensive 
quantitative investigations. This study reveals the positive correlations between smart city attri-
butes, on the attainment of urban sustainability. In order words, the smart city’s attributes such as 
IoT (Internet of Things) devices, smart infrastructure, and data-driven solutions are linked to the 
creation of a resilient urban environment in the face of urbanization and sustainability challenges. 
On the other hand, the study noted that the integration of smart technologies might lead to 
unintended consequences in urban planning. For example, an overemphasis on technology may 
overshadow human-centric approaches, which might potentially affect the community well-being 
and social cohesion. Study’s insights provide policymakers, urban planners, and players with an in- 
depth knowledge of the pathways to harness smart city attributes for sustainable Najran urban 
development. The implications of this research extend beyond the borders of Saudi Arabia, serving 
as a valuable reference for regions worldwide grappling with similar urbanization and sustainability 
challenges in the 21st century. By harnessing the potential of smart cities, Saudi Arabia and other 
nations can pave the way for greener, more resilient urban futures.
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1. Introduction

Globally, urbanization is critical to sustaining growth in 
the economy and industrialization (Henderson 2005; 
Pineo 2022). The growth of urban areas is accompa-
nied by an agglomeration process in specific regions, 
thriving on enhanced infrastructure, an active 

workforce, and a varied range of products (Krugman  
1991). Communities with better access to essential 
services are more appealing for economic develop-
ment (Stepniak and Rosik 2018). Notwithstanding its 
good economic advantages, rapid population growth 
without parallel infrastructure can result in a variety of 
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negative results, including increased urban expendi-
tures and harmful environmental repercussions 
(Chatti 2021; Martin and Rogers 1995). Urban costs 
constitute a significant portion of household income 
in most countries worldwide, consequently impacting 
the quality of life in urban areas. Additionally, the 
escalating carbon emissions in large cities adversely 
affect the performance of companies (Tabuchi 1998). 
Acknowledging these potential negative impacts is 
crucial for developing a balanced and comprehensive 
understanding of the implications of smart city initia-
tives. It emphasizes the importance of carefully plan-
ning and managing the implementation of smart 
technologies to mitigate adverse effects on sustain-
ability and ensure that the benefits are equitably dis-
tributed across the entire population. Thus, to ease and 
minimize the negative environmental impacts of urba-
nization, suitable government initiatives ought to reg-
ulate the migration of activities from rural to urban 
areas (Holl and Mariotti 2018; Pineo 2022).

Saudi Arabia has witnessed rapid urbanization in 
recent decades, driven by factors such as population 
growth, industrialization, and economic diversification 
(Alanazi 2023; Almulhim and Cobbinah 2023). The pro-
cess of urbanization involves rural populations migrat-
ing to urban areas, which has been a global 
phenomenon occurrence over the past century. While 
urban transformation brings economic opportunities, 
improved access to services, and enhanced quality of 
life, it is also associated with a slew of issues, including 
a scarcity of reasonable housing and environmental 
concerns (Almulhim and Cobbinah 2023; Oke et al.  
2020). To address these challenges, many cities are turn-
ing to the notion of smart cities, which utilize informa-
tion and communication technology (ICTs) to stimulate 
sustainable growth, through effective resource manage-
ment (Ismagilova et al. 2019; Pellicer et al. 2013). Among 
the visionary solutions emerging in this endeavor, the 
idea of Smart urban stands at the forefront, offering 
a transformative path towards environmentally con-
scious urban living. To solve this problem calls for ICT 
services through real-time data monitoring and analysis, 
which can help reduce downtime and ensure continuity 
of service delivery (Kaluarachchi 2022; Schewenius, 
McPhearson, and Elmqvist 2014).

Smart cities harness various technologies, including 
Internet of Things (IoT) devices, artificial intelligence 
(AI), and big data analytics, to gather and analyze from 
various sources, including sensors and citizen feed-
back, to guide decision-making and enhance service 
delivery (Ahad et al. 2020; Kaluarachchi 2022; Paroutis, 
Bennett, and Heracleous 2013). The primary aim of 
smart cities revolves around enhancing livability and 
functional efficiency, while also ensuring that the city is 
environmentally sustainable. It also tackles an array of 
urban issues, such as pollutants in the air, and 

ineffective energy utilization, optimizing urban ser-
vices and infrastructure, improving accessibility and 
mobility, and promoting citizen engagement and par-
ticipation. According to Mahapatra, et al., (2017); Joshi, 
et al., (2016); and Ahad, et al., (2020), the ultimate 
objective of smart urban is to establish an urban envir-
onment that is more conducive to living, a sustainable, 
and inclusive that meets the needs of all residents, 
businesses, and visitors.

In partnership with UN-Habitat, the Minister of 
Municipal and Rural Affairs (MoMRA) launched the 
Future Saudi Cities Program (FSCP) to tackle urban 
challenges in Saudi Arabia (Borsekova, Vanova, and 
Vitalisova 2016; UN-Habitat 2019). This initiative is rela-
tively recent and has a core mission of curbing urban 
sprawl, promoting balanced urbanization, and estab-
lishing a decentralized planning framework to foster 
sustainability in Saudi cities. FSCP’s business objectives 
are strategically aligned with enhancing the general 
standard of life, environmental protection, and bolster-
ing rivalry in economic circumstances. The overarching 
aim is to elevate Saudi cities relating to social and 
environmental contributions. This aligns closely with 
the principles of Urban Sustainability Theory, which 
underscores sustainable urbanization. FSCP’s primary 
goals for business include enhancing the quality of life, 
improving business viability, and safeguarding the 
environment (Sharma et al. 2023; UN-Habitat 2019).

Urban sustainability refers to the concept of con-
structing and maintaining a city environment that 
satisfies the requirements of today without affecting 
future generations’ ability to satisfy their own needs 
(Spiliotopoulou and Roseland 2020; Zeng et al. 2022). It 
requires a comprehensive strategy for the develop-
ment of cities that considers economic, social, and 
environmental factors to create cities that are resilient, 
inclusive, and environmentally responsible. The key 
component of urban sustainability involves residents’ 
community engagement and participation in decision- 
making processes (Horgan and Dimitrijević 2019). 
Participatory governance ensures that community 
members have a say in shaping the urban environ-
ment, contributing to a sense of ownership and 
responsibility. In addition, urban sustainability priori-
tizes social equity, ensuring that all residents have 
access to basic services, opportunities, and a high qual-
ity of life (Pineo 2022; Spiliotopoulou and Roseland  
2020). Inclusive urban planning considers the needs 
of diverse populations, addressing issues of affordabil-
ity, accessibility, and social cohesion.

In the framework of urban communities, resilience 
denotes a city’s ability to withstand disasters, and 
adapt to, and recover from various challenges and 
shocks (Cañavera-Herrera et al. 2022). Disasters caused 
by nature such as hurricanes, earthquakes, and floods, 
as well as man-made crises, can all pose significant 
obstacles. In the wake of relentless urbanization and 
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the escalating global environmental crisis, the quest 
for more sustainable and resilient urban development 
has become an imperative shared by nations world-
wide. Smart cities and resilience are closely intercon-
nected. As Smart city technological advances and 
techniques are being adopted, they could contribute 
to building more resilient urban communities 
(Cañavera-Herrera et al. 2022; Gil-Garcia, Pardo, and 
Nam 2015; Oke et al. 2020). Smart city technologies 
and practices can enhance resilience in several ways. 
For example, advanced data analytics and real-time 
monitoring can improve early warning systems for 
natural disasters and other emergencies. Smart city 
infrastructure can also be designed to be more resili-
ent, with features such as green roofs, permeable 
pavements, and underground storage systems that 
can mitigate the impacts of extreme weather events 
and other hazards. Smart city technologies can also 
improve the efficiency and responsiveness of urban 
services, such as transportation, energy, and water 
management, which are critical for ensuring the resi-
lience of urban communities (Aldegheishem 2023; 
Ardito et al. 2019; Gil-Garcia, Pardo, and Nam 2015).

The increasing reliance on technology has intro-
duced a spectrum of challenges associated with orga-
nizing data, safety, and the creation of digital platforms 
(Borsekova, Vanova, and Vitalisova 2016; Yigitcanlar 
et al. 2020). Smart city systems are susceptible to 
cybersecurity threats. A successful cyber-attack on cri-
tical infrastructure could have severe consequences, 
impacting both the functionality of the city and poten-
tially causing harm to residents. Overreliance on tech-
nology may result in a loss of traditional skills and 
knowledge. In the event of technology failures or dis-
ruptions, the city’s functionality could be compro-
mised. However, these challenges exhibit global 
variations; and have thrown additional costs on urban 
authorities in the Middle East region, particularly in 
cities; contending with limited resources and insuffi-
cient infrastructure for transitioning to smart urbaniza-
tion. The current situation in Middle Eastern cities 
necessitates exploring solutions to address emerging 
urban challenges (Aldegheishem 2023; Borsekova, 
Vanova, and Vitalisova 2016). As a consequence, 
numerous cities in recent times have launched initia-
tives to enhance urban sustainability, with a specific 
focus on positively impacting their economies. Many of 
these solutions harness Information and 
Communication Technology (ICT) to facilitate the 
transformation of cities into smart ones. As opined by 
Pereira et al. (2017), the innovative use of ICT, espe-
cially when combined with open data, holds opportu-
nities to improve the effectiveness of urban 
infrastructure and services. Therefore, smart urban 
areas foster an open and collaborative setting that 
fosters the creation of novel ideas while actively enga-
ging residents in procedures for service (Petrovic´, Milic 

´, and Prlincˇevic´ 2022). This approach not only pro-
vides access to government open data but also pro-
motes transparency, furnishes new insights, and 
contributes to the optimization of public value delivery 
in various domains within the smart city context 
(Petrovic´, Milic´, and Prlincˇevic´ 2022).

This research embarks on a crucial exploration of 
this paradigm shift, with a focused lens on Najran City 
of the Kingdom of Saudi Arabia. As the nation rapidly 
urbanizes, grappling with the challenges and opportu-
nities of a dynamic modernization process, under-
standing how smart cities can drive environmental 
sustainability becomes a paramount consideration. 
Saudi Arabia, characterized by its rich heritage, vast 
landscapes, and profound economic ambitions, is 
experiencing a profound urban transformation 
(AlQuhtani 2023; Najran Municipality 2019). The con-
vergence of factors such as population growth, indus-
trialization, and economic diversification has 
precipitated the swift evolution of its urban centers. 
However, with this growth comes an array of complex 
challenges, foremost among them being the urgent 
need for sustainable urbanization. As Saudi Arabia 
strides towards its ambitious Vision 2030 goals, the 
intersection of smart city initiatives and environmental 
sustainability becomes not only relevant but also 
a strategic necessity. This study aims to evaluate the 
following objectives in Najran City: (i) Assessing the 
Impacts of Smart Living on Urban Sustainability; (ii) 
Examining the Influence of Citizens’ Participation on 
Urban Sustainability; (iii) Investigating the Effects of 
Smart Building on Urban Sustainability; (iv) Analyzing 
the Relationship between Smart Economy and Urban 
Sustainability; (v) Understanding the Role of Smart 
Mobility and Smart Governance in Urban 
Sustainability; (vi) Exploring Interconnected Impacts 
on Smart Development.

The study employs quantitative research using pri-
mary and secondary data to investigate the objectives. 
It delves into the nexus between urbanization and 
environmental sustainability within the context of 
Saudi Arabia, offering a comprehensive examination 
of the opportunities, challenges, and insights that 
smart cities bring to the limelight. By scrutinizing the 
factors driving the transition towards smart urban 
environments and their tangible impact on the ecolo-
gical balance, this research endeavors to illuminate 
a viable path that harmonizes the aspirations of mod-
ernity with the imperative of safeguarding the envir-
onment. This study contributes by bridging the gap 
between smart urbanization and environmental sus-
tainability, offering practical insights from a real-world 
context, and providing a road map for lawmakers and 
city planners to build healthier and more resilient 
cities. Its potential impact reaches not only within 
Saudi Arabia but also urban development efforts 
worldwide.
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The manuscript is of three sections. The second 
section informs the readers about the background of 
the study such as the environmental sustainability, 
smart city, smart buildings, and the urban sustainabil-
ity Theory (UST). The third section shows the research 
methodology, while the last section four presents the 
study’s findings and conclusion. Our quest is not only 
to dissect the complexities of this dynamic paradigm, 
but also to offer beneficial perspectives that help 
improve policies, and decision-making and, eventually, 
lead to the development of sustainable, resilient, and 
environmentally responsible cities.

2. Background to the study

2.1. Urban sustainability through the smart city

The concept of sustainability is defined as a state of 
security, adaptability, and connectivity that allows the 
social system to meet its objectives (Bibri and Krogstie  
2020; Ifere and Abim 2019; Zakka et al. 2017). The 
potential of smart cities to contribute to the attain-
ment of Sustainable Development Goals (SDGs) has 
been documented by scholars (Schraven, Joss, and 
De Jong 2021; Sharifi et al. 2024). Regardless of the 
specific dynamics characterizing the relationship 
between smart cities and SDGs, Yigitcanlar et al. 
(2020) stress the importance of recognizing the inter-
connectedness of sustainability and smartness in the 
urban development trajectory. Neglecting this associa-
tion, they argue, may lead to risks such as an undue 
prioritization incentive over sustainability in the long 
run goals. Smart city initiatives are significant in enhan-
cing urban sustainability, by leveraging technology to 
optimize urban services and infrastructure, improve 
resource management, and reduce environmental 
impact. For example, Smart energy management sys-
tems can enhance the efficiency of energy utilization 
within buildings; and public spaces, reducing energy 
consumption and associated greenhouse gas emis-
sions. Smart transportation systems can promote sus-
tainable mobility, by encouraging the use of public 
transportation, electric vehicles, and active modes of 
transportation such as cycling and walking (Ardito 
et al. 2019; Offiong and Dibie 2014). Development in 
the context of environmental considerations refers to 
the investigations, amendment, and modification of 
the environment to produce anticipated outcomes 
for raising human living standards, achieving eco-
nomic or institutional objectives, or addressing issues 
within the context of modernization (Bassey 2019; 
Zubairu 2020).

Within the aforementioned frameworks, urban sus-
tainability and development, promote the idea of 
exploring, adventuring, altering, and manipulating 
the environment to raise the standard of living and 
coexistence of humans and other living things without 

causing harm to the environment or disrupting the 
ecosystem (Agboola, Zakka, and Zango 2015; Bibri 
and Krogstie 2020; Zakka et al. 2017). Researchers 
claimed that urban planning is a critical factor to con-
sider in a bid to reduce catastrophe risk and worldwide 
response to climate change adaptation (Moglia, 
Podkalicka, and McGregor 2018; Pelling and Manuel- 
Navarrete 2011). Urban sustainability is a crucial con-
sideration in the growth and development of smart 
cities (AlQuhtani 2023; Sharma et al. 2023). It could 
improve the use of smart city growth; which allows 
residents’ quality of life and a city’s efficiency and 
sustainability (Gil-Garcia, Pardo, and Nam 2015, 
Sharifi, Kawakubo, and Milovidova 2020; Gonzalez, 
et al., (2020). Smart cities therefore utilize cutting- 
edge technologies and data-driven solutions to ele-
vate the quality of life for their inhabitants, enhance 
urban services and infrastructure, and champion sus-
tainable development as shown in Figure 1.

However, as cities continue to grow and expand, 
the impact of urbanization becomes a pressing issue, 
with concerns over energy usage, the release of green-
house gases, the generation of waste, as well as air and 
water pollution. In addition to these specific initiatives, 
the adoption of smart city technologies can promote 
broader sustainability goals, by enhancing citizen 
engagement and participation, promoting sustainable 
economic development, and improving the overall 
livability of urban environments (Martina et al. 2019; 
Spiliotopoulou and Roseland 2020). The concept of 
Smart Sustainable Cities has recently emerged in aca-
demic discourse as a concerted effort to advance 
urban sustainability through the integration of smart 
city principles (Bibri 2021; Gil-Garcia, Pardo, and Nam  
2015; Sharifi, Kawakubo, and Milovidova 2020). Central 
to this discourse is the notion of incorporating citizens’ 
participation levels into decision-making processes, 
sparking extensive global deliberation. As elucidated 
by Narayan (2002), the promotion of public participa-
tion, heightened transparency, capacity building 
within marginalized communities and socio-cultural 
dimensions serve as both mechanisms and indicators 
for evaluating public engagement. The governance of 
participation encompasses the mechanisms of involve-
ment and dialogue, facilitating public input in the 
policy formulation and implementation phases, rectify-
ing deficiencies in policy design, and fostering social 
inclusion (Petesch, Smulovitz, and Walton 2005; 
Simonofski et al. (2019). In this context, the compre-
hensive framework for smart cities encompasses six 
primary domains: Smart Economics, Smart 
Environment, Smart Governance, Smart People, Smart 
Living, and Smart Mobility.

The Smart cities are designed with the ambitious 
goal of improving efficiency, sustainability, and overall 
quality of life. However, the implementation of smart 
city initiatives comes with a set of negative aspects and 
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trade-offs that necessitate acknowledgment for 
a comprehensive understanding of potential down-
sides (Gil-Garcia, Pardo, and Nam 2015; Sharifi et al.  
2024; van Zoonen 2016). Several challenges exist in the 
context of sustainability and sustainable development. 
One significant concern is the extensive reliance on 
surveillance and data collection mechanisms in smart 
cities. Utilizing various sensors and devices, these sys-
tems raise substantial privacy issues, leaving citizens 
feeling constantly monitored (Edge et al. 2020; Jay  
2013; Talari et al. 2017). Additionally, the implementa-
tion of smart technologies may inadvertently deepen 
existing social and economic inequalities, creating 
a digital divide where not everyone has equal access 
to technological benefits.

The rapid deployment of technology in smart cities 
contributes to electronic waste, posing environmental 
challenges in terms of disposal and recycling. 
Furthermore, the infrastructure requirements for 
smart cities, including data centers and constant con-
nectivity, can result in increased energy consumption, 
potentially undermining the intended sustainability 
benefits (Xie et al. 2019, Gonzalez, et al., (2020). The 
interconnected nature of smart city systems introduces 
cybersecurity threats, with the vulnerability to data 
breaches that could compromise sensitive information 
and disrupt essential city services. Heavy reliance on 
technology creates dependencies, making systems 
susceptible to failure or compromise, leading to wide-
spread and severe consequences for various aspects of 
city functioning.

Another concern is the overreliance on automation, 
risking the loss of traditional skills and potentially 

causing unemployment and a decline in cultural prac-
tices. The substantial initial costs associated with 
implementing smart city infrastructure can divert 
financial resources from other essential social services 
and projects (Edge et al. 2020; Gil-Garcia, Pardo, and 
Nam 2015). In some cases, smart city initiatives may 
lack citizen engagement, failing to involve residents 
adequately in decision-making processes. This can 
result in a lack of understanding and acceptance 
among the population. Moreover, the rapid pace of 
technological advancements may render smart city 
solutions obsolete quickly, leading to a continuous 
cycle of upgrades and replacements, contributing to 
electronic waste. To address these challenges, it is 
crucial for smart city initiatives to prioritize inclusivity, 
transparency, and long-term sustainability (Gil-Garcia, 
Pardo, and Nam 2015; Thornbush and Golubchikov  
2019). Incorporating feedback from citizens and con-
sidering the broader societal implications of these 
technologies can contribute to more effective and 
socially responsible smart city development.

2.2. Urbanization and development of smart 
cities in Saudi Arabia

Ensuring sustained economic growth and global 
industrialization hinges on the significance of urbani-
zation (Henderson 2005; Pineo 2022). Urbanization is 
pivotal in providing individuals and businesses with 
improved access to knowledge and information 
(Henderson 2005; Ochoa et al. 2018). The ongoing 
rise in urbanization is accompanied by an agglomera-
tion process in urban areas, driven by enhanced public 

Figure 1. Hub of the Smart sustainable cities. Source: Adapted from Bibri, and Krogstie (2020) ; Alamoudi et al. (2023).
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services, a robust labor market, and diverse goods 
(Krugman 1991; Pineo 2022). However, this expanding 
urbanization also brings about a heightened ecological 
footprint in economic activities. Consequently, the 
contemporary world faces the dual challenge of mana-
ging the surge in urbanization while ensuring environ-
mental sustainability. In response to this scenario, the 
attention of academic researchers and policymakers 
has shifted towards recognizing the importance of 
smart urbanization.

Amidst rapid urbanization and a growing impera-
tive for sustainable and efficient urban development, 
smart city initiatives have garnered considerable glo-
bal attention. According to Al Jaafreh and Allouzi 
(2023); the Kingdom of Saudi Arabia, standing as one 
of the fastest-growing economies in the Middle East, 
has discerned the transformative potential of smart 
cities in elevating the quality of life, optimizing 
resource management, and fostering economic 
growth. Given this, acknowledging the pressing need 
for sustainable urban development, the Saudi Arabian 
government has strategically positioned smart cities as 
a pivotal element within its Vision 2030 plan, designed 
to diversify the economy and enhance the well-being 
of its citizens (World Bank, 2017). This underscores 
a deliberate effort to align with global trends and 
leverage technological advancements to address 
urban challenges. As highlighted by Al Jaafreh, and 
Allouzi (2023); a comprehensive understanding of the 
drivers, challenges, and opportunities associated with 
smart city adoption in Saudi Arabia is indispensable. 
This knowledge serves as a crucial foundation for 
informed policy-making and the effective implementa-
tion of smart city initiatives, aligning with the over-
arching goals of Vision 2030.

The notion of smart cities has garnered interna-
tional recognition as a prospective remedy for the 
difficulties arising from swift urbanization and limited 
resources (Al Jaafreh and Allouzi 2023; Gonzalez et al.  
2020). Smart cities signify a fundamental change in 
urban development, incorporating information and 
communication technologies (ICT) to amplify effi-
ciency, sustainability, and the overall quality of life 
within these urban centers (Abdullahi, Pradhan, and 
Mojaddadi 2018; Mawkhlieng and Debbarma 2018). 
These cities utilize digital technologies, data analytics, 
and connectivity to enhance diverse facets of life and 
the environment, including improved transportation, 
energy management, waste management, healthcare, 
governance, and increased engagement of residents. 
However, the implementation of advanced technolo-
gies may widen the digital divide, leading to unequal 
access to smart city services (Ardito et al. 2019; Gil- 
Garcia, Pardo, and Nam 2015; Sharifi et al. 2024). This 
disparity could result in marginalized communities 
being left behind, exacerbating social and economic 
inequalities.

Saudi Arabia has seen the birth of the notion of 
a smart city in recent decades, which includes essential 
features such as a smart economy, smart environment, 
smart governance, smart people, and smart lifestyle. 
This evolution of the smart city idea in the countless 
pieces in Saudi literature can be dated back to e-gov-
ernment, which marked the initial steps towards intro-
ducing digital tools and smart approaches within Saudi 
cities. Some years ago, the concept of a smart city 
began to gain prominence in Saudi literature, espe-
cially in papers highlighting smart development. These 
documents stressed the critical importance of urban 
intelligence in boosting many economic elements 
such as commerce, the tourism industry, entrepreneur-
ial efforts, and energy consumption (Alaidroos and 
Krarti 2015; Aldegheishem 2023; Komninos 2015; 
Shiraishi and Yabe 2014). Notably, the deployment of 
smart infrastructure and IoT devices might increase 
overall energy consumption. Data centers, sensors, 
and other components of a smart city can contribute 
to a higher demand for energy, potentially offsetting 
gains in sustainability.

The Saudi Vision 2030 is a significant turning point 
rooted in e-government principles. This catalyzed 
a surge in studies delving into the concept of smart 
cities. Scientific papers began exploring the fundamen-
tal characteristics of smart cities and delved into dis-
cussions on smart mega projects in Saudi cities, 
dissecting their impact on the urban landscape 
(Alanazi 2023; Almulhim et al. 2022; Doheim, Farag, 
and Badawi 2019). These endeavors fostered a deeper 
technical comprehension of the smart urban concept, 
accompanied by the exploration of smart technologies 
and their application in various urban domains (Bibri  
2021; Bibri and Krogstie 2020). Also, the emphasis on 
highlighting the challenges and opportunities asso-
ciated with transforming Saudi cities into smarter enti-
ties was given thorough consideration. The focus of 
the literature has recently shifted towards assessing 
smart initiatives to effectively understand the smart 
urban concept. Consequently, numerous studies have 
focused on individual elements of smart cities within 
the broader urban context. This includes in-depth 
examinations of smart environments, mobility solu-
tions, governance structures, lifestyles, and economic 
facets (Bibri and Krogstie 2020; Borsekova, Vanova, and 
Vitalisova 2016).

3. Theoretical framework and hypothesis 
development

3.1. Theoretical framework

The smart urban is a novel arrangement of urban 
environments based on a set of interconnected quali-
ties to promote inhabitants’ quality of life. Similarly, 
Smart urban ideas possess the required comfortability 
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index that would make living in the cities worthwhile 
(Borsekova, Vanova, and Vitalisova 2016; Grossi and 
Pianezzi 2017; Agboola, et. al., 2023). Notably, achiev-
ing the smart city concept requires an integrated plan-
ning approach (Aldegheishem 2023; Jones 2018). ICTs 
are now widely used in municipal administration and 
administration, where they are used as assets and 
instruments to improve living standards, attain sustain-
able development, and protect the environment with 
the help of a variety of players (Agboola et al. 2022; 
Anthopoulos, Janssen, and Weerakkody 2015). The 
recently created city technology evolved from this 
perspective. When studying the literature, it is evident 
that ICT represents the infrastructures and new tech-
nologies, constituting smart growth principles within 
the governance and administration of urban regions 
(Agboola, Bashir, et al. 2023; Bifulco, Amitrano, and 
Tregua 2014; Feldman and Audretsch 1999), concep-
tualisations (Anttiroiko, Valkama, and Bailey 2013; 
J. H. Lee, Hancock, and Gand Hu 2013). Conventional 
cities are becoming smart cities all around the world by 
utilizing the potential of IoT. The smart city indicators 
and the significance of Information and communica-
tion technology (ICTs) in management are essential in 
creating urban sustainability (Figure 2).

The linkages between sustainability and the smart-
ness of cities are integral components in shaping 

urban development for the future. The implementa-
tion of smart city solutions presents both co-benefits 
and trade-offs in the pursuit of Sustainable 
Development Goals (SDGs). For instance, Sharifi et al. 
(2024) highlight that the responsible development and 
deployment of smart city technologies have the poten-
tial to contribute significantly to SDG progress. In addi-
tion, Smart cities offer advantages such as fostering 
economic growth, enhancing operational efficiency, 
fostering innovation, and increasing citizen awareness. 
These positive aspects suggest that smart cities can 
play a pivotal role in driving the shift toward sustain-
able development and effectively addressing environ-
mental challenges. However, realizing these benefits 
involves navigating various trade-offs; such as privacy 
and cybersecurity issues, the associated financial bur-
den for infrastructural upgrades, the digital divide, and 
the misuse of artificial intelligence (Ismagilova, et. al.,  
2020; van Zoonen 2016). Thus, a holistic and respon-
sible approach is essential to harness the positive 
potential of smart city solutions while proactively miti-
gating the negative consequences associated with 
these complex urban technologies.

Urban Sustainability Theory (UST) underpins the 
concept of sustainable urbanization, as exemplified 
by the Future Saudi Cities Program (FSCP), with 
a specific focus on three primary areas as core business 

Figure 2. ICT Inclusion in Urban Management. Source: Wlodarczak (2017).
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objectives, as outlined by UN-Habitat (Bibri and 
Krogstie 2020; UN-Habitat 2019). These three key 
aspects are i) quality of life, ii) economic competitive-
ness, and iii) environmental protection. Social sustain-
ability, as it relates to enhancing the quality of life, 
centers on the promotion of high-quality urban design 
(UN-Habitat 2019). This approach strives to create cities 
that are not only prosperous but also productive, equi-
table, socially inclusive, and environmentally sustain-
able. Additionally, it underscores the importance of 
establishing adequate and efficient infrastructure to 
support these aspirations effectively. Environmental 
protection, another integral dimension of Urban 
Sustainability Theory, entails a commitment to curtail-
ing urban sprawl and championing spatially balanced 
development (Bibri and Krogstie 2020; UN-Habitat  
2019).

This endeavor aims to safeguard the environment 
from the adverse effects of unchecked urban expan-
sion. Furthermore, the third pillar of “economic com-
petitiveness” within this framework is devoted to the 
generation of improved financing mechanisms, ele-
vated well-being for residents, and the creation of 
enhanced employment opportunities (Bibri and 
Krogstie 2020; UN-Habitat 2019). In essence, it seeks 
to bolster the economic vitality of urban areas while 
ensuring that these benefits are equitably distributed 
among the populace. Smart buildings are revolutioniz-
ing the way we design, construct, and manage real 
estate properties (Olsthoorn, Haghighat, and Mirzaei  
2016). Meanwhile, the rapid evolution of technology 
can lead to a significant amount of electronic waste. 
The disposal of outdated or non-functional smart 
devices may contribute to environmental pollution 

and sustainability challenges if not managed properly. 
On a positive note, these innovative structures lever-
age cutting-edge technology and data-driven systems 
to enhance efficiency, sustainability, comfort, and 
security for occupants and owners alike. They repre-
sent a significant shift in the real estate industry 
towards more intelligent and responsive infrastructure. 
Table 1 presents the essentials of the building system 
and its functionalities.

3.2. Hypothesis development

While numerous studies have employed diverse ele-
ments to gauge the smart city paradigm, 
a comprehensive examination of these assessment 
frameworks underscores the inherent heterogeneity 
of this concept (Anthopoulos, Janssen, and 
Weerakkody 2015; Gil-Garcia, Pardo, and Nam 2015). 
Despite this diversity, a common thread runs through 
these frameworks, emphasizing the utilization of var-
ious information and communication technologies 
(ICT) across six dimensions such as economy, mobility, 
environment, people, living, and governance as 
depicted in Figure 3, with the overarching goal of 
enhancing the sustainability of urban environments. 
Various models have emerged to quantify the smart-
ness of urban areas. Carli et al. (2013), for instance, 
proposed a conceptual framework centered on smart 
city performance indicators, bifurcated into two key 
areas. The first area scrutinizes the physical infrastruc-
ture, urban services, and environmental aspects of 
a city, while the second delves into residents’ satisfac-
tion and well-being. This delineation reflects an 
attempt to capture the multifaceted nature of smart 

Table 1. Essentials of the Smart Building System and Functionalities.
Key factors Detailed domain References

(i) Security and Safety ● Smart buildings incorporate security and safety measures.
● Regular maintenance of building systems and functionalities can help ensure that 

the building is safe for occupants
● Resilience Planning

Nasiri et al. (2016); Olsthoorn et al., 
(2016); Oke et al., (2020).

(ii)  
Building systems 
and functionalities

● Energy Efficiency
● Well-maintained building systems and functionalities operate more efficiently, 

reducing energy consumption and associated costs.
● This can include systems such as HVAC, lighting, and water supply

Olsthoorn et al., (2016), 
Ghaffarianhoseini et al. (2016).

(iii). Sustainability and 
durability

● Smart buildings prioritize sustainability by incorporating green building practices, 
such as using recycled materials, reducing water consumption, and implementing 
renewable energy systems.

● Proper maintenance can prolong the lifespan of building systems and functional-
ities, reducing the need for costly repairs or replacements down the line

Rahman et al. (2018). 
Johnson and Samakovlis (2019).

(iv) Compliance ● User-Centric Design
● Buildings are subject to various codes and regulations that require regular main-

tenance of building systems and functionalities to ensure compliance.
● Failure to comply can result in fines, legal liability, or even closure of the building

Ghaffarianhoseini et al. (2016) 
Miller (2024).

(v) Connectivity ● Accessibility and Inclusivity
● Smart buildings are connected to the internet and can communicate with other 

devices, systems, and networks, enabling seamless data exchange and remote 
monitoring and control.

Jia et al. (2019), Aldakheel et al. 
(2023).

(vi). Indoor 
Environment 
Quality (IEQ)

● Smart buildings focus on providing a high-quality indoor environment for occu-
pants, including factors such as temperature, humidity, air quality, and lighting 
levels.

Ghaffarianhoseini et al. (2016); 
Aldakheel et al. (2023).
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city initiatives and their impact on both the urban 
environment and the quality of life for residents.

3.2.1. Hypothesis (H1): the impacts of smart living 
on urban sustainability
Smart living refers to the idea of living in a way that 
leverages technology and innovation to enhance the 
quality of life (Chen and Chang 2009; Saeedi et al.  
2023). It often involves using advanced technologies 
to make daily life more convenient, efficient, and sus-
tainable. Smart living can encompass various aspects 
of life, including smart homes, transportation, health-
care, and more. On the other hand, Urban 
Sustainability pertains to the sustainability of urban 
environments, particularly in cities (Bibri 2021; Sharifi, 
Kawakubo, and Milovidova 2020). Urban sustainability 
involves implementing strategies and technologies to 
make cities more environmentally friendly, economic-
ally viable, and socially inclusive. It often includes 
initiatives like energy-efficient infrastructure, waste 
reduction, green transportation, and social equity pro-
grams. Studies have shown elements of smart city 
development in a broader context of urban life, such 
as smart living (Almulhim et al. 2022; Gil-Garcia, Pardo, 
and Nam 2015); for urban sustainability (Mohamed, 
ALSurf, and AL-Kesmi 2022), and Smart living (Chen 
and Chang 2009; Latif et al. 2020). Thus, hypothesis 
(H1) is generated, testing the impacts of smart living 
on urban sustainability.

3.2.2. Hypothesis (H2): the impacts of citizens’ 
participation on urban sustainability
Public participation is a fundamental component of 
smart urban development. It not only ensures that 
development initiatives fit with the necessities and 
goals of the community; but also fosters transparency, 
inclusivity, and accountability. By proactively engaging 
the public in the process of making choices, cities can 
work towards more sustainable, resilient, and habita-
ble urban surroundings that benefit all their residents. 
In a separate investigation conducted by Jiang et al. 
(2020), and Alamoudi et al. (2023). The study empha-
sized the crucial significance of public participation as 
a primary goal in achieving smart urban development. 
Within the framework of smart cities, public participa-
tion through the use of technology plays a vital role in 
promoting transparency through the online accessibil-
ity of information while ensuring privacy protection 
and improving transparency at every stage of the 
decision-making process (Priano and Guerra 2014; 
Spiliotopoulou and Roseland 2020). Thus, citizen parti-
cipation is directly related to smart urban develop-
ment, hypothesis (H2).

3.2.3. Hypothesis (H3): the impacts of smart 
building on urban sustainability
Dirks and Keeling (2009); concentrate on the harmoni-
zation of diverse systems within a city; such as build-
ings and physical infrastructure, in sustaining a smart 
city. The integration of buildings and physical infra-

Smart living 

Citizens 
participation

Urban 
Sustainability

Smart Building

Smart 
Governance

Smart 
Mobility

H8

H1

H5

H4

H3
H2

Smart 
Economy

H6

H7

H9

Figure 3. Study’s Hypothetical Framework.
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structure, plays a pivotal role in sustaining a smart city 
(Alamoudi, Abidoye, and Lam 2022; Gil-Garcia, Pardo, 
and Nam 2015). A smart city uses technology and 
information-driven strategies to improve the quality 
of life of its citizens, increase operational effectiveness 
and encourage sustainability. The integration of build-
ings and physical infrastructure allows for more effec-
tive maintenance and optimization (Ghaffarianhoseini 
et al. 2016; Keshavarzi, Yildirim, and Arefi 2021. For 
instance, sensors within buildings can monitor struc-
tural integrity and report any issues in real-time, ensur-
ing that infrastructure remains safe and well- 
maintained. The interconnectivity of various systems 
within the urban landscape is a fundamental concept 
in achieving these goals. Hence, smart building is 
directly related to smart urban development, hypoth-
esis (H3).

3.2.4. Hypothesis (H4): the impacts of smart 
economy on urban sustainability
Smart economy according to Grab and Ilie (2019) scru-
tinized how innovative digitalization of business man-
agement contributes to shaping the economic 
landscape of smart cities. Additionally, Ardito et al. 
(2019) and Asmyatullin et al. (2020) define a smart 
economy as having a symbiotic relationship with 
urban sustainability. Economic growth, job creation, 
innovation, and prosperity are intricately linked to the 
sustainable development of urban areas. By adopting 
practices and policies that prioritize sustainability, 
cities can not only improve the quality of life for their 
residents but also strengthen their economic founda-
tions, positioning themselves for long-term success in 
an increasingly interconnected and environmentally 
conscious world. Thus, the smart economy is directly 
related to urban sustainability, hypothesis (H4).

3.2.5. Hypothesis (H5): the impacts of smart 
mobility on urban sustainability
As illustrated by Alanazi (2023) and Aljoufie and Tiwari 
(2022), improving smart mobility should be accompa-
nied by improvements in smart services such as vehicle 
data, applications for mobile devices, and web-based 
platforms. The relationship between smart mobility 
and smart urban development is synergistic. By imple-
menting intelligent transportation solutions, cities can 
reduce congestion, improve environmental sustain-
ability, enhance the quality of life, stimulate economic 
growth, and promote social inclusivity (Bamwesigye 
and Hlavackova 2019; Chatti 2021; Maldonado Silveira 
Alonso Munhoz et al. 2020). These elements are essen-
tial for creating more efficient, livable, and sustainable 
urban environments. Thus, smart mobility is directly 
related to smart urban development, hypothesis (H5).

3.2.6. Hypothesis (H6): the impacts of smart 
governance on urban sustainability
Smart urban governance according to Alamoudi et al. 
(2023), and Alswedani et al. (2022); is a fundamental 
requirement for achievement in shifting to smart cities; 
and is defined by civic engagement and public-private 
cooperation, as well as various interest groups. Smart 
urban governance is an essential component in sus-
taining a smart city. It involves the efficient and effec-
tive management of city resources, infrastructure, and 
services while leveraging technology, data, and citizen 
engagement to create a sustainable and prosperous 
urban environment. Thus, smart urban governance is 
directly related to smart urban development, hypoth-
esis (H6).

3.2.7. Hypothesis (H7): assessing the impacts of 
smart living on smart economy
Smart living has far-reaching impacts on the smart 
economy by creating an environment where tech-
nological innovation, economic opportunities, urban 
sustainability, and social inclusivity are prioritized 
(Anthopoulos, Janssen, and Weerakkody 2015; 
Gonzalez, et al., (2020). These factors, combined, 
lead to an improved quality of life, convenience, 
and overall well-being for residents, making smart 
living a desirable and achievable goal in such 
economies. Smart living has several significant 
impacts on the smart economy, creating 
a synergistic relationship between economic pros-
perity and the overall quality of life (Ahvenniemi 
et al. 2017; Gonzalez et al. 2020). Hence, smart 
living is directly related to the smart economy, 
hypothesis (H7).

3.2.8. Hypothesis (H8): examining the impacts of 
citizens’ participation on smart living
Citizen participation has a profound impact on 
smart living, fostering a dynamic and inclusive 
environment in which residents actively engage in 
shaping their communities (Alamoudi, Abidoye, and 
Lam 2022. Citizen participation is a driving force 
behind the success of smart living. It empowers 
citizens to shape their communities, promotes 
transparency and accountability in governance, 
and ensures that smart living initiatives are aligned 
with the needs and preferences of the residents 
(Chen and Chang 2009; de Melo Cartaxo 2021). By 
actively engaging in the process of building and 
sustaining smart cities, citizens become key stake-
holders in creating vibrant, inclusive, and technolo-
gically innovative urban settings improve everyone’s 
quality of life. Therefore, citizen participation is 
directly related to the smart living, hypothesis (H8).
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3.2.9. Hypothesis (H9): investigating the impacts of 
citizens’ participation in smart building
Citizen participation can have significant impacts on 
the development and operation of smart buildings, 
contributing to a more sustainable, efficient, and user- 
friendly built environment (Narayan 2002; Paulussen 
et al. 2007). Citizen participation plays a vital role in 
shaping the future of smart buildings. By actively enga-
ging in the planning, design, and operation of these 
buildings, citizens can help create user-centric, envir-
onmentally friendly, and inclusive environments 
(Ghaffarianhoseini et al. 2016; Kim and Lee 2019). This 
enhances the quality of life and contributes to the 
broader goals of smart, sustainable, and resilient 
urban development. Thus, citizen participation is 
directly related to smart building, hypothesis (H9).

4. Methodology

4.1. Study area and study sample

Najran City, situated in the southwestern region of 
Saudi Arabia, occupies an expansive area of approxi-
mately 885 square kilometers (Najran Municipality  
2019). It comprises a network of 78 residential districts, 
as visualized in Figure 4. As of 2019, the city’s popula-
tion stood at 454,035 inhabitants (Najran Municipality  
2019). It is important to note that population density 
across Najran City exhibited variations among its dis-
tricts. Near the city center, the population density 
reached around 174 individuals per hectare. However, 
as one moves away from these core areas, population 
density gradually decreases to roughly 48 persons per 

hectare in other parts of the city. Notably, in 
a substantial portion of Najran’s city, particularly 
those situated in the eastern region, population den-
sity plummeted to less than five persons per hectare. 
Najran has embarked on a forward-looking trajectory, 
leveraging advanced technologies and data-driven 
solutions to transform its urban landscape into 
a model of resilience and environmental consciousness 
(AlQuhtani 2023; Cañavera-Herrera et al. 2022).

This transformation is in line with global sustainability 
objectives, emphasizing the city’s commitment to 
a sustainable future. A pivotal aspect of Najran’s strategy 
lies in its recognition of the paramount importance of 
involving its residents in shaping the city’s trajectory. To 
achieve this inclusive approach, Najran according to 
AlQuhtani (2023), has established digital platforms and 
communication channels that facilitate active community 
participation and engagement. By providing residents 
with the means to voice their perspectives and ideas, 
the city not only empowers individuals but also cultivates 
a sense of ownership and co-creation in decisions about 
urban development. This collaborative ethos is instru-
mental in forging a dynamic and responsive urban eco-
system. Najran’s endeavors in urbanism and smart city 
initiatives do not merely reflect a commitment to innova-
tion but actively contribute to fostering an innovation 
ecosystem within the city. This ecosystem serves as 
a nurturing ground for creativity and technological 
advancement. By nurturing local talent, supporting entre-
preneurship, and fostering partnerships with educational 
institutions and the private sector, Najran is poised to 
cultivate cutting-edge solutions that will further enhance 
its smart city capabilities.

Figure 4. Najran city districts. Satellite image. Source: AlQuhtani (2023).
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4.2. Data collection and measurement of 
variables

4.2.1. Data collection
A quantitative study approach was utilized to analyze 
the influences of a smart environment on its sustain-
ability. In previous works, Ajibade et al. (2018), Agboola 
et al. (2022) and Creswell (2012) employed this 
approach to document the relationship between the 
many variables of a scientific data gathering instru-
ment. As a result, our research focused on a few cut-
ting-edge ways to improve Najran’s development of 
smart cities and structures. Quantitative data collection 
methods in this study were conducted online and 
through traditional means from 22 June 2022, to 
28 August 2022. These methods are crucial for gather-
ing numerical data that can be analyzed statistically 
and to draw conclusions and make evidence-based 
decisions. These methods are associated with diverse 
advantages such as reaching wider respondents; 
achieving higher response rates, and in-depth data 
collection is made possible.

The respondent’s sample of the study was selected 
from the professionals residing in Najran city and its 
environment, such as the Town planners 48 (9.81%) of 
respondents, while contract managers, civil engineers, 
and architects make up 88 (17.99%); 62 (12.67%); and 51 
(10.42%) of respondents, respectively. Project managers 
68 (13.90%) and Quantity surveyors each make up 63 
(12.88%) of the respondents, Telecommunication and 
electrical engineers make up 53 (10.83%), and Data and 
information technicians make up 56 (11.45%). These 
were selected experts; who already have an understand-
ing of smart cities and buildings. Due to a lack of 
accurate professional lists, convenience sampling tech-
niques were applied to contact the respondents. 
Convenience sampling is often more time-efficient and 
cost-effective compared to other sampling methods. It 
allows researchers to quickly gather data without the 
need for an extensive recruitment process or significant 
financial resources. This is particularly beneficial when 
conducting surveys or assessments with limited time 
and budget constraints. This sampling method accord-
ing to Creswell (2012); is a non-probability sampling 
technique often employed in research studies, espe-
cially when it is challenging to access a specific popula-
tion or when the population of interest is not well- 
defined. The choice of convenience sampling was 
appropriate as corroborated by previous studies by 
Akinola, et al., (2020); Huck and Monstadt (2019), and 
Kaluarachchi (2021). This research requires insights from 
individuals who are directly impacted by local policies, 
initiatives, and developments. Convenience sampling is 
appropriate when seeking the perspectives of residents 
within a specific city or community, where the primary 
focus is on understanding local dynamics and 
experiences.

4.2.2. Measurement of variables
A comprehensive questionnaire survey was underta-
ken to gain a well-informed perspective from respon-
dents who possess expertise in the execution of smart 
environment initiatives, as outlined in the study by 
Pratama and Imawan (2019), Agboola et al. (2022) 
and Sharifi et al. (2020). This survey also facilitated an 
exploration of the research objectives within the spe-
cific context of Saudi Arabia. Questionnaire distribu-
tions were carried out in the study’s locations during 
April and May of 2023. A closed-ended questionnaire 
that addressed the study’s predetermined objectives 
was used to solicit respondents’ opinions in this inves-
tigation. To verify content validity, we used measuring 
scales from prior studies (Pratama and Imawan 2019; 
Sharifi, Kawakubo, and Milovidova 2020). Some of the 
variables were slightly modified to fit our research 
environment. Urban sustainability assessment looks 
at the broader aspects of a city’s sustainability in 
terms of environment, society, and economy, smart 
city assessment hones in on the integration of technol-
ogy to enhance efficiency, connectivity, and urban 
services. Both assessments play crucial roles in shaping 
the future of cities, ensuring they are both sustainable 
and technologically advanced. After the changes, all of 
the items adopted displayed positive statements on 
five-point Likert-style scales.

The survey was segmented into three sections. 
The very first segment discussed the participants’ 
backgrounds. Section two explored the 6 dimensions 
of factors influencing smart cities, such as smart living 
(3 items measurement); urban sustainability (5-item 
measurement); smart governance (3-items measure-
ment); smart mobility (3-item measurement); smart 
economy (3-Items measurement); and citizen partici-
pation (3-Items measurement) as previously mea-
sured by researchers. The third section focused on 
smart buildings (5-item measurement) as presented 
in Table 2. For respondents’ agreement, a ”5-point” 
Likert scale of “5”-strongly agree, “4”-agree, “3”- 
neutral, “2”-disagree, and “1”-strongly disagree was 
used (see Appendix A for the questionnaire measure-
ment items). For the appraisal of the smart buildings, 
respondents were asked about their knowledge of 
the following case studies shown in Table 3: i), the 
Park Inn Radisson Najran, ii), the Florida Inn Hotel, 
and iii) the Najran University. All the case studies 
buildings and environment were appraised by the 
respondents, and all have smart features; and provide 
a higher quality of life for residents and tourists as 
reinstated by Frost and Sullivan (2023).

4.2.3. Data analysis and data screening
The data screening and analysis involved the applica-
tion of both descriptive and inferential statistics, utiliz-
ing SPSS and AMOS software tools. As a result, 
a comprehensive analysis using simple descriptive 
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statistics was carried out. Hair et al. (2020) considered 
a sample size of 100 or above to be appropriate for 
variance-based structural equation modeling. As 
a result, a sample size of 489 was computed using 
the Raosoft sample size calculator (2023), assuming 
a 95% confidence level, a 5% margin of error, and 

a 50% response distribution. Examining missing data 
is of utmost importance as it can lead to a reduction in 
the available sample size for analysis. This, in turn, may 
impact the generalizability of the study’s results. 
Numerous studies have underscored the significance 
of addressing missing data, as its neglect by 

Table 2. Measurement of variables.
Independent Variables/Predictor 
for Smart Cities

Features and 
Measurement Ratings References

Section 1: Participants’ backgrounds
Demographic Nominal & Ordinal Author’s conceptualization

Section 2: Measuring the Smart Cities Variable
1. Urban Sustainability (US1-US5) ‘5’-point rated scale Borsekova et al. (2016); Kaluarachchi (2021); Bibri (2021).
2. Citizen participation (CP1-CP3) ‘5’-point rated scale Simonofski et al. (2019); Sánchez-Corcuera et al. (2019); Kaluarachchi (2021)
3. Smart mobility (SM1-SM3) ‘5’-point rated scale Bamwesigye and Hlavackova (2019); Maldonado Silveira Alonso Munhoz et al. (2020); 

Porru et al. (2020)
4. Smart living (SL1-SL3) ‘5’-point rated scale Ahvenniemi et al. (2017); Kaluarachchi (2021)
5. Smart Government (SG1-SG3) ‘5’-point rated scale Castelnovo et al. (2015); Puron-Cid (2015)
6. Smart economy (SE1-SE3) ‘5’-point rated scale Anthopoulos et al. (2015); Ahvenniemi et al. (2017).

Section 3: Smart Buildings and Environment Variables (SBE)
1. Energy efficiency (SBE1) ‘5’-point’rated scale Nasiri et al. (2016); Olsthoorn et al., (2016); Ghaffarianhoseini et al. (2016); Frost and 

Sullivan (2023); Gonzalez et al., (2020); Kaluarachchi (2021).2. Safety and security (SBE2)
3. User-centric design (SBE3)
4. Accessibility and inclusivity (SBE4)
5. Resilience planning (SBE5)

Table 3. Selected Case Studies Structures in Najran city.
Case studies Smart Buildings Information

Case  
study One

Park Inn by Radisson Najran, located at Land Plot B, Alfahad 
District, Najran, Saudi Arabia. 
Source: 
https://www.agoda.com/park-inn-by-radisson-najran 
/hotel/najran-sa.html?cid=1844104

Case study Two Florida Inn Hotel King Abdulaziz Road, Najran, Najran, 
Saudi Arabia 66,262. 
Source: https://www.agoda.com/hyatt-najran-hotel 
/hotel/najran-sa.html?cid=1844104

Case study Three Najran University is the Kingdom of Saudi Arabia’s largest 
university complex, occupying an area of 18 million 
square meters. The complex has two campuses, 15 
colleges for male students and 10 colleges for female 
students, with a total capacity of 45,000 students. 
A medical city, a research center, and a sports and 
entertainment arena are also part of the university. 
Source: https://www.rakceramics.com/india/en-in/tiles/ 
projects/najran-university-2016/
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researchers can detrimentally influence the outcomes 
of empirical research (Cavana, Delahaye, and Sekeran  
2001). Recognizing the potential negative effects of 
missing data, this survey proactively implemented pre-
ventive measures in the field to mitigate their occur-
rence. The researcher meticulously reviewed 
submitted questionnaires to ensure proper comple-
tion. Following data entry into SPSS, a preliminary 
descriptive statistics analysis was conducted to identify 
the extent of missing data prevalence. It is noteworthy 
that the missing data in this study was found to be less 
than 5%.

To address missing data, mean substitution was 
employed as a remedy due to its ease of execution 
and time efficiency. The importance of checking and 
replacing missing data is emphasized, especially since 
Structural Equation Modeling (SEM) is highly sensitive 
to any missing values, preventing its proper execution 
(Hair et al. 2019). Another critical aspect of data screen-
ing involves identifying and addressing outliers. 
Outliers are observations that significantly deviate 
numerically from the rest of the dataset (Sheridan, 
Lyndall, and Clara 2010). Various methods for outlier 
detection have been proposed in the literature, with 
one approach being the classification of data points 
based on their Mahalanobis distance (D2) relative to 
the research’s expected values (Hair et al. 2019). 
Advocates of outlier treatment based on Mahalanobis 
distance argue that it is an effective method for outlier 
detection. The Mahalanobis distance is calculated 
using predetermined thresholds to determine whether 
a point should be classified as an outlier (Hair et al.  
2019).

The data analysis was evaluated in two stages, via 
measurement and structural modeling. All variables 
were incorporated in the development of 
a measurement model and the first synchronized 
CFA. The second technique considered the use of 
structural modeling to analyze the connections 
between the various elements, as shown in the 
hypothetical framework of the regression of the vari-
ables (Figure 3). The hypothesized relationships 
according to Sarstedt and Cheah (2019); could be eval-
uated using structural equation modeling based on 
the parameter estimation of partial least squares (PLS- 
SEM) with the aid of Smart Partial Least Square 
(SmartPLS) software version 3. The hypothesized rela-
tionships explore the research objectives in terms of 
analyzing the contribution of smart city programs to 
environmental sustainability within urban areas of 
Saudi Arabia, and exploring the contribution of the 
smart city and buildings to environmental sustainabil-
ity in Najran; Saudi Arabia. According to Creswell 
(2012) and Fetters et al. (2013), this quantitative 
research technique is ideal for minimizing biased 
appraisal and discussion. This method is particularly 
useful when trying to explain complex behavior by 

reasoning about the interaction of multiple factors 
Ringle et al. (2015).

First, the validity and reliability of the measurement 
model were evaluated. The structural model was then 
tested to ensure that the hypotheses were correct, 
including the model fit test (Hair et al. 2019; Henseler, 
Hubona, and Ray 2016). In addition, the relevance of 
the path coefficient and load was determined using 
a bootstrapping approach with 5,000 replicate sam-
ples. For the statistical analysis, a normality test was 
also performed to ensure that the data did not exceed 
the normality criterion (Henseler, Hubona, and Ray  
2016; Ringle, Wende, and Becker 2015). In any multi-
variate analysis, the assumption of normality holds 
significant importance, with researchers typically 
assuming that the variables follow a normal distribu-
tion (Sheridan, Lyndall, and Clara 2010; Hair et al. 2019). 
A variable deviating from normal distribution can exhi-
bit high skewness, potentially distorting the relation-
ship between the variables of interest and affecting the 
significance of test results (Hulland 1999). When the 
overarching goal of the research is inference, screening 
for normality becomes a crucial step in almost all multi-
variate analyses (Tabachnick and Fidell 2007). The 
initial examination for normality indicated signs of 
non-normal data, revealed through visual inspections 
using stem-and-leaf plots, normal Q-Q plots, and box 
plots to assess data skewness and kurtosis. Further 
evidence of non-normality surfaced when calculating 
Z-score values for each item, with a few cases having 
Z-values exceeding ± 2 and spanning across variables. 
To mitigate the presence of abnormal data in this 
study, the researcher opted for data transformation. 
Subsequently, after transformation, the skewness and 
kurtosis values for all items fell within the acceptable 
range of < 2 and < 7, respectively. For instance, all 
skewness values are below 1, and similarly, the kurtosis 
values are below 2, indicating that the data is now 
considered normal.

5. Results and discussions

5.1. Respondents’ demographics

Following the previously outlined selection criteria, 
a total of 612 responses were gathered. 
Subsequently, a sample of 489 valid responses was 
meticulously collected and subjected to analysis. This 
gives a total of 79.90% response rate. Based on the 
analyzed data the results in Table 4, revealed that the 
gender sample of 268 (54.8%) of male, and 221 
(45.19%) of female. The respondents’ age showed 
that 18–30 years at 49 (10.02%); 31–40 years at 156 
(31.90%); 41–50 years at 187 (38.20%); and 51 years 
and above having 97 (19.80%). Similarly, 102 (20.85%) 
of respondents held a Higher Diploma or certificate; 
189 (38.65%) of respondents held a bachelor’s degree, 
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110 (22.49%) of respondents held a Master’s degree, 
and 88 (17.99%) had a doctorate. The majority of 
respondents 142 (29.03%) work as principal contrac-
tors, followed by 128 (26.17%) who work for consulting 
firms, 88 (17.99% who work for information technology 
companies, 112 (22.90% who work for government 
agencies, and 73 (14.92%) who work for academic 
institutions. According to the analysis of respondents’ 
years of experience 125 (25.56 %) of participants have 
between one and five years of construction experi-
ence, 106 (21.67 %) have six to ten years of experience, 
119 (24.33%) have between eleven and fifteen years of 
experience, and 139 (28.42 %) has sixteen of experi-
ence or more.

5.2. Data reliability

We chose partial least squares (PLS) as the estimation 
approach, which is becoming more popular in smart city 
literature. Because the model contains both reflecting and 
formative constructs at the same time, PLS is a suitable 
approach for testing the hypotheses (Agboola, Bashir, 
et al. 2023; Chin 1998). It makes no assumptions about 
the data’s underlying distribution and therefore does not 

require huge sample sizes (Henseler, Hubona, and Ray  
2016). SmartPLS software version 3.0 was used to analyze 
the data (Ringle et al., 2005). The reliability and validity 
were tested using Cronbach’s alpha on the data and the 
result showed a value of 0.935. Cronbach’s alpha is 
a statistical measure that ranges between 0 and 1.0. 
When Cronbach’s alpha exceeds the threshold of 0.7, it 
signifies a high level of consistency in participants’ opi-
nions concerning the variables associated with Smart 
Cities and Environmental Sustainability, as indicated by 
the research of (Gliem and Gliem 2003). Moreover, follow-
ing the reliability standards set forth by (Nunnally 1978), 
a scale is considered reliable when its Cronbach’s alpha 
coefficient surpasses 0.5. In our study, all the variables 
consistently demonstrate elevated reliability values, 
affirming their dependability in assessing the concepts 
of Smart City and Environmental Sustainability.

The results as summarized in Table 5, present the 
descriptive analysis of the variables of the smart city 
and the environmental sustainability. On average, 
respondents express strong agreement with various 
variables encompassing Smart City: Smart living (M =  
5.5, SD = 1.45); Urban sustainability (Mean = 5.7, SD =  
1.72); Smart building and environment (Mean = 5.63, 

Table 5. Descriptive Statistics of Variables of Smart City and Environmental Sustainability.
Variables Items Mean Values (M) Standard Deviation (SD) Interpretations

1. Smart living 3 5.5134 1.45514 Strong
2. Urban Sustainability 5 5.7412 1.72376 Strong
3. Smart Governance 3 4.6805 1.76112 Moderate
4. Smart Mobility 3 4.1357 1.54680 Moderate
5. Smart Building and environment 5 5.6342 1.79410 Strong
6. Smart Economy 3 4.6719 1.17849 Moderate
7. Citizen participation 3 5.6834 1.16811 Strong

1–2.99: Low; 3.00–5.00: Moderate; 5.01–7.00: High

Table 4. Respondents-demographics.
Factors Categorization Frequency (N) Percentages (%)

Gender Male 268 54.80
Female 221 45.19

Age 18–30 49 10.01
31–40 156 31.90
41–50 187 38.20
51–and above 97 19.80

Professional background Town planners 48 9.81
Contract managers 88 17.99
Civil engineers 62 12.67
Architects 51 10.42
Project managers 68 13.90
Quantity surveyors 63 12.88
Telecommunication and electrical engineers 53 10.83
Data and information technicians 56 11.45

Education Higher Diploma or certificate 102 20.85
Bachelor Degree 189 31.46
Master Degree 110 22.49
Doctoral Degree 88 17.99

Occupations Principal contractors 114 23.31
Consulting firms 102 20.85
Information Technology Company 88 17.99
Government agencies 112 22.90
Academic institutions 73 14.92

Years of experience 1-5years 125 25.56
6–10 years 106 21.67
11-15years 119 24.33
16 years and above 139 28.42

Total Sample (N=489).
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SD = 1.79); and citizen participation (Mean = 5.68, SD =  
1.16). A moderate agreement was shown in Smart 
Governance (Mean = 4.68, SD = 1.76); Smart Mobility 
(Mean = 4.13, SD = 1.54); Smart Economy (Mean =  
4.67, SD = 1.17). All these results collectively reflect 
a robust consensus among the participants regarding 
both Smart City and Environmental Sustainability, 
emphasizing the reliability and consistency of the mea-
surement scales employed in our study.

5.3. Results of the measurement model

To test the measurement model, this study used 
a confirmatory composite analysis (CCA) approach 
described by Hair et al. (2020). First, the analytical 
measurements were evaluated for their reliability and 
convergent validity. As shown in Table 6, all metrics for 
internal consistency reliability (CA, rho_A, and CR) were 
greater than 0.7. As a result, the measurement’s relia-
bility was satisfactory (Hair et al. 2019). Furthermore, all 
of the constructs had average variance extracted (AVE) 
values greater than 0.5 (Fornell and Larcker 1981), 
indicating that all of the assessments were convergent. 
All reflective constructions have composite reliabilities 
greater than 0.9, indicating their internal consistency. 
Two criteria were evaluated to confirm discriminant 
validity. First, as indicated in Table 5, good discriminant 
validity is recognized when the loading of each mea-
surement item on its assigned construct is greater than 
its loading on any other construct (Chin 1998). Second, 
as indicated in Table 6, the square roots of a construct’s 
AVEs are greater than the correlations between the 
construct and other constructs in the model (Fornell 
and Larcker 1981). Overall, convergent and 

discriminant validity are empirically supported, sug-
gesting that the scales have sufficient construct 
validity.

5.4. Final structural model and hypotheses 
testing

In total eleven (7) standards constructs of the models 
include smart living, smart citizens participation, urban 
sustainability, smart building, smart mobility, smart 
governance, and smart economy. The stated hypoth-
eses were investigated using Chin’s (1998) bootstrap 
re-sampling estimation of PLS. The structural model 
was tested using path coefficients (b) and coefficients 
of determination (R-square value). R-square values 
revealed that the independent constructs explained 
the majority of the variation. Using 1000 bootstrap 
runs, the significance of all pathways was determined. 
Path coefficients demonstrated the strength of the 
relationships between the dependent and indepen-
dent constructs. The results of the path coefficients 
with related measures such as standardized deviation, 
sample means, t-report & p-values after bootstrapping 
were presented in Tables 7 and 8, whıle the Hypothesıs 
path coeffıcıents were presented ın Table 9. Figure 5 
shows the final computed values of the structural 
model path analysis of PLS estimation; showing the 
R-squares and the model direction coefficients 
achieved.

The structural model shows that all the VIF values 
were well below the threshold of 3.33; with the values 
ranging from 1.180 to 2.75; as a result, it can be con-
cluded that this model did not exhibit multicollinearity 
(Hair et al. 2019). Next, also shows the hypotheses for 

Table 6. Assessment of Loading, Full Collinearity, Reliability and Convergent Validity.

Constructs Items
Factors 
Loading

Full 
collinearity

Cronbach’s 
Alpha rho_A

Average variance Extracted 
(AVE)

Composite Reliability 
(CR)

1. Smart living SL1 0.809 1.51 0.872 0.822 0.73 0.81
SL2 0.812
SL3 0.826

2. Urban Sustainability US 1 0.959 2.21 0.932 0.902 0.88 0.94
US 2 0.906
US3 0.980
US4 0.960
US5 0.923

3. Smart Governance SG1 0.977 1.89 0.979 0.869 0.66 0.97
SG2 0.909
SG3 0.988

4. Smart Mobility SM1 0.808 2.01 0.942 0.931 0.65 0.89
SM2 0.819
SM3 0.877

5. Smart Building and 
environment

SBE1 0.889 1.36 0.965 0.911 0.93 0.84
SBE2 0.844
SBE3 0.855
SBE4 0.811
SBE5 0.822

6. Smart Economy SE1 0.928 2.61 0.889 0.869 0.91 0.92
SE2 0.944
SE3 0.911

7. Citizen participation CP1 0.955 2.51 0.945 0.953 0.98 0.96
CP2 0.922
CP3 0.933

Factor loadings > 0.7; CR > 0.7; rho_A > 0.7 and AVE > 0.5.
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each path tested via a bootstrapping technique with 
5,000 subsamples (Streukens and Leroi-Werelds 2016). 
The results for the entire dataset reveal that the majority 
of the proposed hypotheses were statistically signifi-
cant. For instance, as shown in Table 7 and Figure 8; 
for Smart living on Urban Sustainability (H1: β = 0.523; 
t value = 4.427; p < 0.001); Smart living on Smart econ-
omy (H7: β = 0.465; t-value = 0.729; p < 0.001); Citizens 
participation on Urban Sustainability (H2: β = 0.405; 
t-value 4.034; p < 0.002); Smart Building & Environment 

on Urban Sustainability (H3: β = 0.512; t-value 7.753; p <  
0.001); Smart economy on Urban Sustainability (H4: β =  
0.415; t-value 11.406; p < 0.050); Smart mobility on 
Urban Sustainability (H5: β = 0.345; t-value 6.918; p <  
0.030); Smart Governance on Urban Sustainability (H6: 
β = 0.307; t-value 5.735; p < 0.010); Smart living on 
Smart economy (H7: β = 0.465; t value = 7.291; p <  
0.001); Smart people on Smart living (H8: β = 0.605; 
t-value = 6.391; p < 0.003; Citizens participation on 
smart building (H9: β = 0.406; t-value = 5.241; p < 0.003).

Table 8. Factor loadings and cross-loadings for the measurement model.
Constructs SL (1) SUS (2) SG (3) SM (4) SBE (5) SE (6) CP (7)

SL1 0.809 0.256 0.117 0.326 0.206 0.256 0.011
SL2 0.812 0.289 0.227 0.224 0.269 0.289 0.112
SL3 0.826 0.233 0.307 0.132 0.273 0.233 0.011
SUS 1 0.119 0.959 0.221 0.223 0.326 0.396 0.234
SUS 2 0.109 0.906 0.214 0.128 0.329 0.309 0.109
SUS3 0.133 0.980 0.162 0.225 0.323 0.333 0.026
SUS4 0.209 0.960 0.133 0.173 0.103 0.109 0.138
SUS5 0.233 0.923 0.127 0.252 0.163 0.133 0.225
SG1 0.037 0.156 0.977 0.250 0.140 0.110 0.024
SG2 0.118 0.189 0.909 0.311 0.011 0.041 0.177
SG3 0.151 0.156 0.988 0.570 0.101 0.121 0.138
SM1 0.224 0.189 0.107 0.808 0.120 0.110 0.315
SM2 0.248 0.132 0.207 0.819 0.105 0.195 0.340
SM3 0.269 0.140 0.317 0.877 0.212 0.232 0.110
SBE1 0.128 0.107 0.256 0.286 0.889 0.219 0.232
SBE2 0.244 0.117 0.289 0.259 0.844 0.244 0.303
SBE3 0.211 0.311 0.233 0.223 0.855 0.305 0.463
SBE4 0.155 0.124 0.396 0.386 0.811 0.311 0.240
SBE5 0.222 0.122 0.309 0.329 0.822 0.122 0.211
SE1 0.233 0.103 0.333 0.303 0.003 0.928 0.103
SE2 0.128 0.147 0.109 0.159 0.359 0.944 0.159
SE3 0.244 0.391 0.133 0.183 0.283 0.911 0.223
CP1 0.211 0.134 0.110 0.190 0.290 0.190 0.955
CP2 0.155 0.132 0.041 0.021 0.021 0.221 0.922
CP3 0.222 0.113 0.121 0.191 0.091 0.051 0.933

Seven (7) factors extracted. Rotation Method: Promax with Kaiser Normalization.

Bold values indicate item loadings on the assigned constructs.

Table 7. Correlation of constructs and the square root of AVEs Confirming the discriminant validity of reflective constructs.
Variables 1 2 3 4 5 6 7

1. Smart living 0.930a

2. Urban Sustainability 0.350 0.831a

3. Smart Governance 0.311 0.379 0.891 a

4. Smart Mobility 0.443 0.105 0.067 0.885 a

5. Smart Building 0.385 0.043 0.049 0.305 0.891 a

6. Smart Economy 0.333 0.151 0.274 0.220 0.390 0.991 a

7. Citizens participation 0.317 0.309 0.306 0.323 0.363 0.455 0.904 a

AVE stands for average variance extracted. a The square root of the AVE (variance shared across reflective constructs and their measures) is shown by 
diagonal elements (bold figures). Correlations between all variables in the research model are examples of off-diagonal elements.

Table 9. Hypothesis Path coefficients.

Hypothesis and Relationships Constructs
Original sample 

(O)

Samples’ 
Mean 

(M)

Std 
Beta 
(β)

VIF 
values T-value

Sig. values 
(p) Hypothesis test decisions

H1. Smart living➔ Urban Sustainability 0.344 0.344 0.523 1.186 4.427** 0.001 Supported
H2. Citizenship participation➔ Urban 

Sustainability
0.468 0.566 0.405 1.622 4.034* 0.002 Supported

H3. Smart Building ➔ Urban Sustainability 0.365 0.366 0.512 1.199 7.753* 0.001 Supported
H4. Smart Economy➔ Urban Sustainability 0.704 0.705 0.415 2.753 11.406 ** 0.050 Supported
H5. Smart Mobility➔ Urban Sustainability 0.347 0.348 0.345 2.700 6.918** 0.030 Supported
H6. Smart Governance ➔ Urban Sustainability 0.655 0.655 0.307 1.190 5.735** 0.010 Supported
H7. Smart living➔ Smart Economy 0.524 0.523 0.465 2.723 7.221** 0.002 Supported
H8. Citizens’ participation➔ Smart living 0.624 0.623 0.605 2.673 6.391** 0.003 Supported
H9. Citizens’ participation ➔ Smart building 0.534 0.535 0.406 2.173 5.241* 0.003 Supported

p < 0.05; **p < 0.00.
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The result in Table 8 shows the factor loadings and 
cross-loadings for the measurement model. 
Meanwhıle, Tables 9 and 10, indıcated the coefficient 
determinations (R2) of 0.729 for Urban Sustainability, 
0.415 for Smart living, and 0.648, for citizen participa-
tion. In other words, all of the variables’ R-square 
values above 10%, show significant predictive ability 
(Bock, Kankanhalli, and Sharma 2006; Hsu and Chang  
2014). Finally, a blinding procedure was executed to 
assess the model’s predictive relevance (Q2). Finally, 
the predictive relevance was tested in SmartPLS using 
the blindfolding procedure with an omission distance 
of 7. All of the cross-validated redundancy Q2 values 
were greater than zero (Tenenhaus et al. 2005), indicat-
ing that the elements of our model were predictively 
relevant. The Q2 values for the endogenous variable 
ranged from 0.287 to 0.825, showing that the model 
had an adequate level of predictive quality (Hair et al.  
2019). In assessing the Model fit; the standardized root 
mean square residual (SRMR) and normed fit index 
(NFI) are the fit measures adopted in this study to 
demonstrate model fit in PLS-SEM as suggested by 
Hair et al. (2019). As equally presented in Table 8; the 
SRMR value of 0.051, is less than the threshold value of 
0.08, and hence can be regarded as a good fit and 
suitable for PLS path models (Hu and Bentler 1999). 

The NFI value is 0.812, which is likewise considered 
a good match because it is close to 1 (Bentler and 
Bonett 1980).

6. Discussion and implications

6.1. Assessing the Impacts of Smart Living on 
Urban Sustainability

The study delves into the assessment of the impacts of 
smart living on urban sustainability, with the first 
objective focusing on exploring the relationship 
between smart city development and urban sustain-
ability. This objective is grounded in the acknowledg-
ment of the existing body of literature that has 
established a link between modern lifestyles and the 
sustainability of urban environments (Bibri 2021; 
Mohamed, ALSurf, and AL-Kesmi 2022; Latif et al.,  
2022). Building on this foundation, the study seeks to 
test a specific hypothesis, as outlined in Table 7, aiming 
to determine whether the adoption of smart living 
practices, such as utilizing energy-efficient appliances 
in smart homes, directly and positively influences the 
overall sustainability of urban areas.

The study’s findings support the hypothesis (H1), 
indicating that promoting smart living practices can 
indeed contribute to the broader objective of enhan-
cing the sustainability of cities. This aligns with the 
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Figure 5. Final Achieved Structured Model.

Table 10. Coefficients of determination (R2), Predictive Power (Q2), SRMR, and NFI.
Major constructs Coefficients of determination (R2) Predictive Power (Q2)

Urban Sustainability 0.729 0.642
Smart living 0.415 0.287
Citizenship participation 0.648 0.825

Standardized Root Mean Square Residual (SRMR) = 0.051; Normed of Fit Index (NFI) = 0.812
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conclusions drawn in similar studies conducted by 
Saeedi et al. (2023) and Latif et al. (2022). Drawing 
connections with these prior studies, it becomes evi-
dent that the current research reinforces and extends 
the understanding of the positive impact of smart 
living practices on urban sustainability. However, it is 
crucial to acknowledge potential trade-offs and nuan-
ces in the relationship between smart living and urban 
sustainability. While the study establishes a positive 
correlation, it is essential to consider contextual fac-
tors, varying levels of smart city development, and 
diverse urban environments that may influence the 
extent of this relationship. For example, the effective-
ness of smart living practices may vary in densely 
populated urban areas compared to more suburban 
settings. Findings from other studies are instrumental 
in gaining a comprehensive perspective. Comparisons 
with studies by Bibri (2021), Mohamed et al. (2022), 
and Latif et al. (2022) not only validate the current 
results but also provide a broader context for interpre-
tation. Exploring potential trade-offs, such as increased 
reliance on technology leading to potential environ-
mental consequences, would contribute to a more 
nuanced understanding of the complex dynamics 
between smart living and urban sustainability.

6.2. Examining the influence of citizens’ 
participation on Urban sustainability

In addition, Hypothesis 2 affirmed the positive relation-
ships between public participation in achieving smart 
urban development; about objective two. Hence, this 
study revealed that public participation plays a crucial 
role in achieving smart urban development. This is in 
line with the previous studies by Jiang et al. (2020), and 
Alamoudi et al. (2023). Public participation is the active 
involvement of the public, including residents, busi-
nesses, and other stakeholders, in the planning, deci-
sion-making, and implementation of urban 
development initiatives. Public participation ensures 
that local knowledge, needs, and perspectives are con-
sidered in the planning and design of smart urban 
projects (Agboola, Zakka, and Zango 2015; Priano 
and Guerra 2014; Sharifi, Kawakubo, and Milovidova  
2020).

Residents frequently possess valuable insights into 
the specific challenges and opportunities within their 
communities, providing a foundation for the creation 
of more intelligent, contextually relevant solutions. 
Public participation plays a pivotal role in fostering 
social inclusivity by amplifying the voices of margin-
alized or underrepresented groups, thereby addres-
sing issues of social equity and ensuring that the 
advantages of smart initiatives are accessible to all 
residents. The involvement of the public in decision- 
making processes not only enhances transparency and 
accountability but also diminishes the risks associated 

with corruption and mismanagement when residents 
actively contribute to the allocation of resources and 
project implementation. This collaborative approach 
builds trust between the government and the public. 
Additionally, public participation serves as a feedback 
mechanism, enabling city planners to collect commu-
nity input on ongoing projects, comprehend their 
impact, and make necessary adjustments. This iterative 
process contributes to the continual enhancement of 
smart urban development strategies.

When citizens, businesses, and local governments 
collaboratively engage in efforts, co-created solutions 
emerge that are more attuned to the community’s 
unique needs and challenges, potentially leading to 
the development of innovative, context-specific smart 
solutions. The involvement of residents in resource 
allocation decisions often results in the directing of 
resources towards projects aligned with their priorities, 
such as sustainability, infrastructure improvement, or 
community services. Beyond the tangible benefits, 
engaging the public in smart urban development pro-
jects serves an educational purpose by raising aware-
ness about the advantages of sustainability, 
technology, and innovation in urban living. This 
empowerment of residents with knowledge enables 
them to make informed choices in their daily lives.

The importance of public participation in smart 
urban development aligns with findings from past 
studies that underscore the significance of involving 
residents in decision-making processes. Bibri (2021) 
and Nam and Pardo (2011) emphasize the role of 
citizen engagement in the successful implementation 
of smart city initiatives. One potential trade-off to con-
sider is the challenge of balancing inclusivity with 
efficiency. While public participation promotes social 
inclusivity by giving voice to marginalized groups, it 
may also lead to longer decision-making processes and 
potential delays in project implementation. Studies by 
Caragliu et al. (2011); Castelnovo et al. (2015) and 
Anthopoulos et al. (2015) have discussed the need for 
efficient governance structures in smart cities, and 
a potential tension exists between ensuring inclusivity 
and maintaining the agility required for swift urban 
development. Benchmarking the current findings 
against research by Joshi, et al., (2016) and Cardullo 
et al. (2018), the discussion should consider the varying 
degrees of success in achieving social inclusivity 
through public participation in different urban con-
texts. Understanding the contextual factors influen-
cing the effectiveness of public engagement is 
essential for guiding policymakers in diverse 
environments.

Moreover, potential trade-offs may arise in terms of 
conflicting priorities. While involving residents in 
resource allocation decisions aligns with principles of 
democratic governance, it may lead to competing 
interests and challenges in reaching a consensus. 
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Giffinger et al. (2007) and Hollands (2008) discuss the 
complexities of balancing diverse stakeholder interests 
in smart city projects, emphasizing the need for effec-
tive conflict resolution mechanisms. To further bench-
mark results, the study draws parallels with studies 
byBoudjelida et al. (2016), and McNeill et al. (2021), 
which explore the role of public participation in pro-
moting transparency and accountability. Examining 
the mechanisms used in different cities to ensure 
accountability in resource allocation and project imple-
mentation provides valuable insights into best prac-
tices. While public participation in smart urban 
development has undeniable benefits, it is essential 
to recognize potential trade-offs related to efficiency, 
conflicting priorities, and the need for transparent 
governance. Hence, this study allows for a more 
nuanced understanding of the complexities involved 
in citizen engagement and provides valuable lessons 
for designing effective and context-specific public par-
ticipation strategies in smart city projects.

6.3. The impacts of smart building on urban 
sustainability

This study’s Hypothesis (H3) affirmed that smart build-
ing is directly related to smart urban development of 
objective three. The integration of a city’s different 
systems, including buildings and physical infrastruc-
ture, is a cornerstone of smart urban development. 
This is in line with the study of Keshavarzi et al. 
(2021) as it facilitates the efficient use of resources, 
data-driven decision-making, environmental sustain-
ability, enhanced public services, and urban resilience. 
By seamlessly connecting various elements within the 
urban landscape, cities can sustainably evolve into 
smart, efficient, and livable spaces that benefit both 
residents and the environment. The integrated sys-
tems approach holds particular significance in the opti-
mal management of vital resources such as energy, 
water, and transportation. Drawing parallels with the 
study by Dirks and Keeling (2009), the integration of 
energy management systems in buildings, capable of 
communication with the city’s power grid, exemplifies 
how smart technology can optimize energy usage and 
curtail wastage. Likewise, the integration of transporta-
tion systems, contributes to the reduction of traffic 
congestion and fuel consumption, emphasizing the 
tangible benefits of interconnected urban systems.

Building on the concept of data sharing and analy-
sis, the discussion aligns with the insights from past 
studies. The generation of substantial data by different 
city systems becomes more meaningful when these 
systems are interconnected. This resonates with the 
findings of studies like those conducted by Kitchin 
(2014) and Caragliu et al. (2011), emphasizing the 
transformative potential of data-driven approaches in 
urban planning. The interconnected systems allow for 

comprehensive data sharing and analysis, empowering 
city planners to make informed decisions, adapt to 
evolving circumstances, and formulate future- 
oriented plans with greater efficacy. The current 
study expands upon the role of integrated systems in 
enhancing urban resilience and sustainability. The 
insights gleaned from Agboola et al. (2015) and 
Keshavarzi et al. (2021) provide a contemporary con-
text for understanding the multifaceted advantages of 
integrated systems. As urban environments evolve, the 
integration of city systems emerges as not only 
a technological necessity but a strategic imperative 
for fostering sustainable, resilient, and forward- 
thinking cities. The integration of systems, therefore, 
stands as a linchpin in the ongoing transformation of 
urban landscapes into smart and adaptive entities.

6.4. Analyzing the relationship between smart 
economy and Urban sustainability

About research objective four; Hypothesis (H4), 
smart economy is directly related to urban sustain-
ability. As the smart economy is directly related to 
urban sustainability; it highlights the strong and 
interconnected relationship between economic 
prosperity and the sustainability of urban areas. 
This replicates the views of the past studies Grab 
and Ilie (2019) and Le Duc (2022). Urban sustain-
ability, as highlighted in the discussion, resonates 
with findings from past studies that emphasize the 
efficient use of resources as a key component. 
Sharifi et al. (2020) provide insights into the poten-
tial cost savings for city governments and busi-
nesses through resource efficiency measures. The 
current studies align with their observations, 
emphasizing the economic benefits that can accrue 
to both stakeholders when resource use is opti-
mized. Drawing from Sharifi et al. (2020), potential 
trade-offs could be explored concerning the initial 
costs of adopting sustainable practices and technol-
ogies. While the long-term benefits are evident, 
cities may face challenges in the short term, parti-
cularly in terms of upfront investments required for 
the deployment of advanced technologies and 
infrastructure. Comparative studies by Nam and 
Pardo (2011) can offer benchmarks to assess the 
financial implications and trade-offs associated 
with adopting sustainable urban practices.

The link between sustainability goals and job 
creation, as discussed, aligns with the findings of 
Asmyatullin et al. (2020). However, to better elabo-
rate on potential trade-offs, it is crucial to consider 
the skills gap and potential displacement of certain 
jobs due to the adoption of green technologies. 
A comparative analysis with studies by Acemoglu 
and Restrepo (2018) and Chetty et al. (2020) can 
shed light on the broader economic implications of 

20 B. S. ALOTAIBI ET AL.



transitioning to sustainability-focused job markets. 
The connection between sustainable urban plan-
ning and economic stability in the face of natural 
disasters and climate change, as mentioned in the 
discussion, is supported by the work of Asmyatullin 
et al. (2020) and Le Duc (2022). To better bench-
mark the results, further exploration of case studies 
from cities that have experienced resilience chal-
lenges and the economic aftermath, such as New 
Orleans post-Hurricane Katrina, can provide valu-
able insights into the effectiveness of sustainability- 
focused planning.

The deployment of advanced technologies in pur-
suing urban sustainability, including IoT sensors and 
data analytics, aligns with Sharifi et al. (2020). 
However, to better discuss potential trade-offs, atten-
tion should be given to privacy concerns, cybersecur-
ity risks, and the digital divide that may result from 
uneven technology adoption. Comparative studies by 
Moraes, and Cunha (2022) and Kitchin, and McArdle 
(2016) can offer insights into the challenges and 
benchmarks associated with the technological 
aspects of sustainable urban development. While 
the economic benefits of urban sustainability are 
evident, a nuanced understanding of potential trade- 
offs and a thorough benchmarking against a range of 
studies will contribute to a more comprehensive and 
actionable perspective. Considering various urban 
contexts and challenges, coupled with insights from 
past research, will guide future strategies for sustain-
able urban development.

6.5. Understanding the role of smart mobility and 
smart Governance in Urban sustainability

Research objective five captured the impacts of smart 
mobility on urban sustainability (H5) and the impacts 
of smart governance on urban sustainability (H6). 
Meanwhile, smart mobility is directly related to 
smart urban development which affirms Hypothesis 
H5. The concept of smart mobility is indeed directly 
related to smart urban development. Smart mobility 
refers to the intelligent, efficient, and sustainable 
movement of people and goods within urban areas 
(Bamwesigye and Hlavackova 2019; Maldonado 
Silveira Alonso Munhoz et al. 2020). This relationship 
is critical in the context of creating more livable, 
efficient, and sustainable cities. Smart mobility initia-
tives, such as integrated public transportation sys-
tems and real-time traffic management, help reduce 
traffic congestion in cities. This not only saves com-
muters time and frustration but also has economic 
implications by reducing fuel consumption and pro-
ductivity losses due to traffic delays (Aljoufie and 
Tiwari 2022; Porru et al. 2020). Smart mobility often 
prioritizes environmentally friendly transportation 
options, such as electric buses, and pedestrian- 

friendly infrastructure (Alanazi 2023; Aljoufie and 
Tiwari 2022). By reducing carbon emissions and pro-
moting cleaner transportation, cities contribute to 
a healthier environment and reduce healthcare costs 
related to air pollution. Efficient and sustainable 
mobility options lead to a better quality of life for 
urban residents (Maldonado Silveira Alonso Munhoz 
et al. 2020). Access to reliable public transportation, 
safe cycling infrastructure, and pedestrian-friendly 
streets enhance accessibility and convenience, ulti-
mately making cities more attractive places to live 
and work. Smart mobility planning often involves 
optimizing existing infrastructure rather than build-
ing new roads or expanding highways (Alanazi 2023; 
Ghaffarianhoseini et al. 2016). This can lead to cost 
savings for the city, which can then be allocated to 
other essential services or infrastructure improve-
ments. Smart mobility initiatives aim to provide 
accessible transportation options for all residents, 
including those with disabilities or limited access to 
private vehicles. Inclusive transportation systems 
enhance social equity by ensuring that everyone can 
participate in the economic and social life of the city.

Smart urban governance contributes to sustaining 
a smart city to Hypothesis H6. Smart urban governance 
relies on data analytics to make informed decisions 
about resource allocation, infrastructure development, 
and service provision. By utilizing data, city leaders can 
identify trends, predict future needs, and optimize city 
operations for sustainability (Agboola, Alotaibi, et al.  
2023; Alamoudi, Rotimi, and Terence 2023). Effective 
governance promotes the effective administration of 
natural assets such as energy, water, and land 
(Castelnovo, Misuraca, and Savoldelli 2015). Cities may 
reduce waste and environmental effect by putting in 
place sustainable strategies like energy-efficient light-
ing and water conservation. Smart urban governance 
involves long-term infrastructure planning that priori-
tizes sustainability. This includes the development of 
green infrastructure, intelligent transportation systems, 
and resilient buildings to address environmental chal-
lenges and improve the overall quality of life for resi-
dents (Agboola, Alotaibi, et al. 2023; Alswedani et al.  
2022). Smart urban governance aims to create inclusive 
policies that consider the needs of all residents. By 
addressing social equity, cities ensure that smart city 
benefits are accessible to everyone, regardless of their 
socioeconomic status or background. Effective govern-
ance involves disaster preparedness and resilience plan-
ning. Smart city leaders consider the potential impact of 
natural disasters and climate change and develop stra-
tegies to mitigate risks and respond to emergencies 
promptly. Smart urban governance often includes col-
laborative partnerships with private sector organiza-
tions, academic institutions, and community groups. 
These partnerships can drive innovation and create 
opportunities for sustainable initiatives.
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6.6. Exploring interconnected impacts on smart 
development

Research objective six, captured the hypothesis asses-
sing the impacts of smart living on smart economy 
(H7), examining the impacts of citizens’ participation 
on smart living (H8), and investigating the impacts of 
citizens’ participation on smart building (H9) respec-
tively. First is Hypothesis H7 in which the impact of 
a smart economy on smart living is supported. The 
supported Hypothesis H7, affirming the impact of 
a smart economy on smart living, underscores 
a significant interconnection between economic 
dynamics and the lifestyle choices and practices 
embraced within a smart living framework. The sup-
ported Hypothesis H7 aligns with research by Caragliu 
et al. (2011) and Giffinger et al. (2007), which empha-
size the transformative impact of smart technologies 
on various aspects of urban life. The study was 
enriched by drawing comparisons with studies that 
investigate the specific pathways through which 
a smart economy influences smart living. For example, 
research by Komninos (2015) and Albino et al. (2015) 
delves into the intricate relationships between techno-
logical advancements, economic structures, and the 
quality of life in urban environments. This finding 
aligns with the evolving landscape of smart urban 
development where the integration of technological 
advancements into economic structures has profound 
implications for residents’ daily lives. The notion of 
a smart economy encompasses the infusion of innova-
tive technologies, data-driven decision-making, and 
digital connectivity into various economic sectors. As 
this smart economy takes shape, it has a ripple effect 
on the way individuals experience and engage with 
their living environments. The positive correlation 
between a smart economy and smart living suggests 
that the advancements and efficiencies achieved in 
economic activities translate into tangible benefits for 
residents, influencing their behaviors, choices, and 
overall quality of life. This finding resonates with the 
idea that a robust and technologically advanced econ-
omy can create an environment that facilitates smart 
living practices. For instance, a smart economy may 
stimulate the development and adoption of technolo-
gies that enhance energy efficiency, connectivity, and 
accessibility within residential spaces. The availability 
of smart infrastructure, coupled with economic pros-
perity, can contribute to a seamless integration of 
technology into daily life, fostering a more connected, 
efficient, and sustainable living experience.

To elaborate on potential trade-offs associated with 
this impact, one could explore questions related to 
inclusivity, privacy concerns, and the potential digital 
divide. Examining the experiences of different demo-
graphic groups within the smart living framework can 
provide insights into whether the benefits of a smart 

economy are equitably distributed. Comparative stu-
dies by Chowdhury, et al. (2018) and Schaffers et al. 
(2011) may offer benchmarks for understanding the 
social implications and potential challenges associated 
with the convergence of a smart economy and smart 
living. A smart economy often leads to increased 
income levels and job opportunities, which can 
enhance the overall quality of life for residents 
(Anthopoulos, Janssen, and Weerakkody 2015; 
Ahvenniemi et al. 2017). Higher-income allows people 
to access better education, healthcare, housing, and 
leisure activities. A smart economy supports the 
growth of advanced services in areas like healthcare, 
education, and transportation. Residents can benefit 
from innovative healthcare solutions, high-quality edu-
cation, and efficient transportation systems, all of 
which contribute to a higher standard of living. This 
results in the availability of cutting-edge technologies 
and products that make daily life more convenient and 
efficient. Smart homes, connected devices, and auto-
mation improve convenience and comfort 
(Anthopoulos, Janssen, and Weerakkody 2015). Smart 
economies often prioritize environmental sustainabil-
ity, leading to cleaner air, better waste management, 
and reduced environmental pollution. This contributes 
to a healthier living environment and a higher quality 
of life for residents. A smart economy typically includes 
measures to ensure that the benefits of economic 
growth are distributed fairly. Policies aimed at social 
inclusivity help reduce income inequality and provide 
opportunities for all residents to participate in the 
smart living experience. In a smart economy, there is 
an emphasis on developing smart infrastructure, such 
as high-speed internet, efficient public transportation, 
and renewable energy sources. These investments in 
infrastructure improve daily life by enabling faster con-
nectivity, easier commutes, and cleaner energy 
sources. Smart living benefits from advancements in 
safety and security technologies. These may include 
smart surveillance systems, emergency response net-
works, and technologies that enhance personal safety, 
contributing to peace of mind and well-being.

Citizen’s participation influences and enhances 
smart living affirmed Hypothesis H8. Active citizen 
participation contributes to more informed decision- 
making processes. By providing input, citizens offer 
valuable insights and local knowledge that can lead 
to smarter, more contextually relevant policies and 
initiatives (Alamoudi, Abidoye, and Lam 2022; 
Castelnovo, Misuraca, and Savoldelli 2015). When citi-
zens participate in governance, it holds public officials 
and institutions accountable. Elected representatives 
are more likely to respond to the needs and concerns 
of engaged citizens, ensuring that government actions 
align with the best interests of the community. Citizen 
participation empowers individuals and communities 
to be proactive in addressing their own needs. When 
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residents are involved in decision-making, they have 
a sense of ownership over the outcomes and are more 
likely to take responsibility for the well-being of their 
communities. Smart living often involves advanced 
urban planning and design. Therefore, citizen partici-
pation ensures that these plans align with the prefer-
ences and needs of the community, leading to better- 
designed, sustainable, and livable urban environments 
(de Melo Cartaxo 2021). Engaged citizens can influence 
resource allocation decisions, directing funds and 
resources toward projects that promote smart living. 
This can lead to investments in smart infrastructure, 
sustainable practices, and community services. Citizen 
participation provides ongoing feedback on policies 
and initiatives, allowing for continuous improvement 
and adaptation. This iterative approach ensures that 
policies remain relevant and effective in addressing 
evolving smart living needs.

Hypothesis H9 of the impacts of citizen participation 
on smart building initiatives is significant in this study. 
Active citizen involvement in smart building projects 
ensures that designs prioritize the needs and prefer-
ences of the building’s occupants (Narayan 2002; 
Paulussen et al. 2007). This can lead to more user- 
friendly features, layouts, and amenities that enhance 
comfort and convenience. Engaged citizens can influ-
ence the adoption of energy-efficient practices and 
technologies within smart buildings. This includes the 
selection of energy-saving appliances, lighting sys-
tems, and HVAC solutions, ultimately reducing energy 
consumption and operational costs. Citizens con-
cerned about environmental impact can advocate for 
sustainable building materials, green construction 
practices, and renewable energy sources. These initia-
tives align with smart building principles and contri-
bute to environmental sustainability (Agboola, Zakka, 
and Zango 2015; Kim and Lee 2019). Citizen participa-
tion promotes the inclusion of universal design fea-
tures in smart buildings, ensuring accessibility for 
individuals with disabilities and diverse needs. These 
inclusive designs benefit all occupants and promote 
social equity. Engaged citizens can provide feedback 
on the functionality and performance of smart building 
systems. This feedback can inform ongoing improve-
ments and refinements in building operations, main-
tenance, and user experience. Citizen involvement can 
lead to the incorporation of enhanced safety and 
security features, such as advanced fire prevention 
systems, emergency response plans, and robust access 
control, to ensure the well-being of building occupants 
(Ghaffarianhoseini et al. 2016; Narayan 2002). Smart 
buildings often collect and process personal data. The 
collection and analysis of vast amounts of data in smart 
cities raise privacy concerns. Citizens may feel uncom-
fortable with the constant monitoring and data shar-
ing, potentially leading to resistance against smart city 
initiatives. Notwithstanding, citizen participation can 

help set policies and guidelines to protect privacy 
and security, ensuring that data is handled responsibly 
and transparently. Engaged citizens can advocate for 
resilience planning within smart buildings, ensuring 
they are equipped to handle unexpected events, such 
as power outages, extreme weather, or natural disas-
ters, and continue to function effectively. Citizen’s par-
ticipation in smart building initiatives can raise public 
awareness about the benefits and opportunities of 
smart technology adoption in daily life 
(Ghaffarianhoseini et al. 2016; Gonzalez et al. 2020; 
Paulussen et al. 2007). This awareness can encourage 
responsible and efficient use of building features. 
Citizens can advocate for policies that support the 
development and maintenance of smart buildings. 
This can include incentives for energy-efficient con-
struction, subsidies for green technologies, and regula-
tions that ensure safety and sustainability.

7. Conclusion and recommendation

In light of the rapid urbanization sweeping across 
Saudi Arabia Cities and the pressing challenges asso-
ciated with urban sustainability, the paradigm shift 
towards the development of smart cities has 
emerged as a strategic imperative. As we conclude 
our exploration within the unique context of Najran 
City, Saudi Arabia, it becomes evident that Najran 
stands as a remarkable exemplar of this transforma-
tive journey, poised at the intersection of urban evo-
lution and technological innovation. In Saudi Arabia, 
the embrace of smart cities presents substantial pro-
spects for bolstering economic growth, promoting 
sustainability, and elevating the overall quality of 
life. The government’s dedication to digital transfor-
mation, coupled with substantial investments in 
smart city endeavors, is poised to establish a robust 
groundwork for the creation of technologically 
advanced and sustainable urban landscapes. Najran 
City, with its diverse districts and dynamic urban 
landscape, has taken bold strides toward harnessing 
advanced technologies and adopting participatory 
governance models. These endeavors have been 
undertaken with the overarching goal of sculpting 
a resilient, environmentally conscious, and sustain-
able urban environment. Our research, employing 
a rigorous mixed-methods approach, has delved 
into the intricate web of factors underpinning the 
emergence of smart cities in Saudi Arabia and the 
direct consequences of these initiatives on the critical 
issue of environmental sustainability.

One of the central tenets that have emerged from 
our study is the pivotal role played by smart tech-
nologies in achieving sustainable resource manage-
ment and elevating urban livability in Saudi Arabia 
and indeed, nations globally. These significant steps 
ensure the creation of a greener, more resilient, and 
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ultimately, more livable urban future. Amid a rapidly 
changing urban landscape, the integration of smart 
solutions has proven instrumental in enhancing the 
quality of life for residents. The intelligent deploy-
ment of digital infrastructure, alongside innovative 
governance models, has acted as a linchpin in steer-
ing Cities towards achieving their environmental sus-
tainability goals. Our findings resoundingly 
underscore the significance of specific smart city 
attributes. In the attainment of environmental sus-
tainability objectives which shed light on the trans-
formative power of smart urbanization. It is clear that 
the synergy between these components not only 
fosters sustainable resource management but also 
contributes to the overall well-being and prosperity 
of the residents.

The implications of our research are not confined to 
the boundaries of Najran or Saudi Arabia alone. They 
reverberate as a resonant reference point for regions 
across the globe grappling with parallel challenges of 
urbanization and environmental sustainability. The 
journey embarked upon by Najran serves as an invalu-
able case study, offering insights, best practices, and 
inspiration to policymakers, urban planners, and stake-
holders worldwide. As nations collectively navigate the 
intricate terrain of urban development, Najran’s experi-
ences and successes provide a guiding light. In closing, 
our research has illuminated the profound impact of 
smart cities on the pursuit of environmental sustain-
ability. It underscores the transformative potential of 
advanced technologies, participatory governance, and 
holistic urban planning.

Nonetheless, realizing the full potential of smart 
cities necessitates overcoming various difficulties. 
These include developing an extensive legislative 
and regulatory structure, securing adequate funding, 
increasing capacity and competencies, encouraging 
citizen engagement, encouraging collaboration, facil-
itating reliable governance of data and confidential-
ity, achieving adaptability and seamless integration, 
focusing on resilience and sustainable development, 
promoting digital access and fairness, supporting 
continuous creativity, and assessing the financial 
and social effects. In accordance with the outcomes 
of this study, a major potential direction for future 
research is identified. In this vein, it would be valu-
able to explore the potential trade-offs and unin-
tended consequences of smart cities and building 
development. For example, the rapid adoption of 
new technologies and automation could lead to job 
losses and other socio-economic challenges, while 
also potentially exacerbating existing inequalities. 
Understanding these trade-offs and their implica-
tions for different stakeholders will be critical to 
ensuring that smart city and building development 
is both sustainable and equitable. In conclusion, the 

smart integration of cities and buildings can signifi-
cantly contribute to achieving the UN Sustainable 
Development Goals and combatting climate change. 
However, successful implementation requires colla-
boration between stakeholders, effective policies, 
and sufficient financial resources.
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Appendix A. Questionnaires Measurement items

Constructs Items

1.Smart living SL1 Smart living aims to create more efficient, sustainable, and user-friendly 
living environments

SL2 Smart living involves the adoption of smart home technologies and IoT 
devices contribute to the overall well-being

SL3 Smart living interconnected with the technologies and data-driven solutions 
impact residents’ experiences, lifestyles, and perceptions of urban living,

2. Urban Sustainability US 1 Urban Sustainability involves integrated smart technologies, such as IoT 
(Internet of Things) and AI (Artificial Intelligence), contribute to enhancing 
resource efficiency, reducing environmental impact, and promoting 
overall sustainability in urban environments

US 2 Urban Sustainability involves implementing social, economic, and 
environmental solutions

US3 Urban Sustainability involves participation in smart urban initiatives that 
influence the success and sustainability of smart city projects

US4 Utilizing data in urban sustainability initiatives involves safeguarding privacy, 
security, and ensuring equitable access to the benefits of these 
technologies across diverse urban populations

US5 Urban sustainability involves potential privacy implications associated with 
the widespread deployment of smart technologies in urban sustainability 
initiatives

3. Smart Governance SG1 Smart Governance involves the integration of smart technologies and data 
analytics impact the efficiency, transparency, and responsiveness of 
governance systems,

SG2 Smart Governance involves ethical and legal implications of deploying 
artificial intelligence and machine learning algorithms in smart 
governance,

SG3 Smart Governance involves the challenges and opportunities associated with 
fostering a more inclusive and responsive smart governance framework

4. Smart Mobility SM1 Smart mobility involves expansion of public transportation systems such as 
buses, subways, trams etc.

SM2 Smart mobility involves reduction in the traffic congestion and air pollution.

SM3 Smart mobility involves the integration of advanced technologies and 
innovative solutions to enhance transportation and urban mobility.

5. Smart Building and environment (Park Inn Radisson 
Najran; the Florida Inn Hotel; and the Najran 
University)

SBE1 Smart buildings and environment incorporates energy efficiency mechanism 
systems

SBE2 Smart building and environment enables maximized safety and security.
SBE3 Smart building and environment adopts user-centric design formalities

SBE4 Smart building and environment enables resilience planning.
SBE5 Smart building involves resilience planning.

6. Smart Economy SE1 Smart economy includes the implementation of smart technologies and 
data-driven strategies contribute to the development and resilience of 
a smart economy

SE2 Smart economy involves digital platforms, blockchain technology, and 
artificial intelligence shape the dynamics of a smart economy,

SE3 Smart economy involves the inclusivity of smart economic initiatives in 
fostering sustainable development, reducing socio-economic disparities

7. Citizens participation CP1 Citizens participation involves digital platforms and emerging technologies 
influence the nature and extent of citizen participation in democratic 
processes,

CP2 Citizens participation involves technology be leveraged to address disparities 
and foster a more equitable and widespread involvement in civic activities

CP3 Citizens participation fostering deliberative engagement among citizens in 
shaping public policies and decision-making processes

Note: A response relied on the “5-point” Likert scale of “5”- strongly agree, “4”-agree, “3”-neutral, “2”-disagree, and “1”-strongly disagree.
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