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ABSTRACT

Purpose: The study aimed to empirically test the impact of innovative information technology services, environmental concerns, transportation
issues, and infrastructure development on the smart urban growth of Saudi Arabia. The study also tested the mediating effect of urban planning
knowledge. Methodology: Through cross-sectional research design data were collected from 380 employees and planners of urban cities in Saudi
Arabia employing a purposive sampling technique. Both descriptive and inferential analyses were conducted using SPSS software. Findings:
Direct effect multiple regression analysis results show that innovative IT services namely cloud services, IOT services, and NFC services have
a positive and significant impact on smart urban growth. Environmental concerns, transportation issues, and infrastructure development also
positively and significantly impact smart urban growth. The indirect effect results also show that urban planning knowledge partially mediates
amongall relationships. Implications: The important findings highlighted a novel role of urban planning knowledge in driving smart urban
growth in Saudi Arabia. This research also provides actionable insights for policymakers to prioritize integrating advanced technologies with
urban planning to increase sustainable development. Limitations and future directions were also discussed at the end of the study.

Keywords: Urban Growth, Environmental Concerns, Information Technology, Saudi Arabia.
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INTRODUCTION

Smart urban growth becomes an integral component in enhancing the efficiency and resilience of the urban environment
(Bandauko & Nutifafa Arku, 2023). It equips the cities to manage their resources effectively and improve the living
standards of the people (Wang, Lee, & Greenlee, 2024). City planning can address the challenges of traffic congestion
and consumption of energy when doing so promotes economic development and innovation (Liu et al., 2021). Knowledge
of urban planning would prove crucial in widening the scope of smart city growth by incorporating technological
development and innovative ideas into development plans (Przybysz et al., 2024). Good planning would ensure that the
technologies have been made use of, to their maximum capacity, and this would mean that there could be very resourceful
and knowledge-based decision-making processes (Adenckan, Ezeigweneme, & Chukwurah, 2024). Improved skills in
city planning and management help the cities to predict and make precautionary preparation for emergent issues, adapt
technological means to real long-term interests, and integrate smart solutions in a holistic manner (Sulistyaningsih, Loilatu,
& Roziqin, 2024). This aligns to directly promote urban growth as well as enhance more sustainable development in
the long run. This means that the knowledge of its planning is one of the huge determinants to grow smartly in towns.

Improving knowledge in urban planning through innovative information technology services like cloud services,
IoT, and NFC contributes significantly towards smart growth in the urban areas (Liu et al., 2021). Among them,
cloud services are there to support the management of large-scale data with scalable solutions for urban planning
and better decision-making (Stamopoulos et al., 2024). IoT services provide real-time data - from monitoring trafhc
flow to patterns in energy usage - improving the accuracy of planning and response capability for most urban systems
(Alahi et al., 2023; Jin et al., 2014). Near Field Communication (NFC) technologies would simplify the economic
transactions and interaction within an urban setting, thus promoting operation efficiency and quality delivery of
service (Aravazhi, 2023). Research has indicated that these technologies, through their inclusion in urban design
processes, bring about optimal usage of resources and effective management of cities (Ai & Zhou, 2023; Cajkovd,
Jankelové, & Masdr, 2023). These technologies may present smart grids and intelligent transportation systems, and
the force of these technologies can improve the quality of urban growth and infrastructure (Cajkové et al., 2023).

Aside from those, environmental issues and infrastructure development are also elements that contribute to the
advancement of better knowledge in the areas of urban planning that can contribute to smart growth in the cities.
Green technologies into detailed planning related to issues such as pollution and sustainability challenges are important
considerations (Kwilinski, Lyulyov, & Pimonenko, 2023). Effective urban planning incorporates environmental
data to design sustainable infrastructure and mitigate adverse environmental impacts (Hui et al., 2023). In another
study, it was also found that when the awareness of the transportation system improves in the transportation system
increased then the awareness also increases which increases the planning knowledge (Magliacani, 2023) which helps
to increase the urban growth. In the same vein, strong infrastructure development also provides a strong platform
for the implementation of smart technologies and for addressing urban challenges effectively (Omelyanenko &
Omelianenko, 2023). Studies emphasize that incorporating environmental and infrastructural considerations into
planning processes not only supports immediate urban growth but also ensures long-term sustainability and resilience
(Abuali etal., 2024). Through increasing the planning process of smart cities helps to enhance the smart cities growth
(Yietal,, 2024). Therefore, the study focused on innovative information technology services, environmental concerns,
transportation issues, and infrastructure development impact on smart urban growth through planning knowledge.

Several empirical studies have been conducted on smart urban growth but still, various gaps remain unexplored in
understanding various factors like innovative innovation information technology services, environmental concerns,
and infrastructure development influence smart urban growth, especially with mediating effect. Firstly, previous studies
have inconsistent findings regarding the impact of these variables on urban growth (Hui et al., 2023; Lim, Edelenbos, &
Gianoli, 2024; Liu et al,, 2021; Omelyanenko & Omelianenko, 2023; Stamopoulos et al., 2024; Yi et al,, 2024). Also,
planning knowledge and smart urban growth relationships are not consistent (Cook & Karvonen, 2024; Son et al,,
2023; Venigandla, Vemuri, & Ancke, 2024). This inconsistency highlights the need for a more comprehensive model
that integrates multiple factors to assess their combined influence on smart urban growth. Besides, the previous studies
mainly emphasized IOT services, NFC services, and cloud services in one model, thus sidelining other environmental
concerns, transportations issues, and infrastructure development variables in one model (Liu et al., 2021). The previous
studies also enforced that environmental concerns, transportations issues, and infrastructure development are also
critical for smart urban growth (Arku, 2009; Hui et al., 2023; Przybysz et al., 2024).
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Moreover, the mediating role of Urban Planning Knowledge in these relationships was also limited by extant literature.
Though the importance of planning knowledge is acknowledged (Cook & Karvonen, 2024). This gap bounds the
understanding of the mechanisms through which these factors influence urban outcomes. Additionally, most of the
catlier research focused on countries outside the Middle East. In searching for earlier gaps, the study attempted to find
whether there is an impact of innovative information technology services, environmental concerns, and infrastructure
development on smart urban growth in Saudi Arabia. The study with this objective signifies its comprehensive
examination of the factors influencing smart urban growth in Saudi Arabia, specifically focusing on the mediating role
of Urban Planning Knowledge. By integrating key variables such as innovative IT services, environmental concerns,
transaction issues, and infrastructure development into a unified model, this research addresses gaps in the literature
where these factors have been inconsistently studied and rarely examined together. Furthermore, the study expands the
scope of research by highlighting the unique context of Saudi Arabia, which has been underexplored in previous studies
that primarily focused on other countries. Given Saudi Arabia’s ambitious Vision 2030 plan for sustainable and smart
city development, the findings of this study could offer valuable insights that can inform urban planning strategies in
ensuring more effective implementation of smart technologies and sustainable practices within its cities. This research
thus contributes both theoretical and practical literature to the growing body of knowledge on urban growth especially
in the context of Saudi Arabia.

The rest of the paper is further divided into four chapters namely the literature review which discusses the main theoretical
and empirical studies, the research methodology which discusses the research anion, data analysis which analyzes the
main hypothesis, and the last chapter discussion which discusses the results and supported with relevant findings.

LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT

Innovative information technology services consist of three services namely cloud services, internet of Things (IoT) services,
and near filed communication (NFC) services. Among these cloud services consist of delivering various computing resources
like storage, and various applications on the internet which provides scalability and flexibility for the management of a
city (Pham etal., 2023; Stamopoulos et al., 2024). In smart urban growth, cloud computing helps cities manage their data
and systems digitally efficiently (Waqar et al., 2023b). This is the reason implementing cloud services in cities is crucial
for improving service delivery, enhancing decision-making, and optimizing resource allocation (Waqar et al., 2023b).
Additionally, Kumar et al. (2023) revealed that cloud platforms help cities become more adaptive to real-time challenges,
allowing for better crisis management, such as during natural disasters or unexpected surges in population. Stamopoulos
ctal. (2024) further documented that cloud services facilitate the integration of multiple urban systems, improving overall
coordination and efficiency in urban environments. Based on previous studies, it is hypothesized that,

H1: Cloud Services significantly improve smart urban growth.

IoT services refer to interconnected devices and sensors that collect data, exchange, and analysis of data in real-time (Al-
Dawsari etal., 2023; Rafiq et al,, 2023). Through using [oT, cities can optimize traffic management waste collection, energy
consumption, and public safety, leading to sustainable urban growth (Hassebo & Tealab, 2023). IoT services improve the
overall quality of life by creating more responsive, efficient urban systems. Alahi et al. (2023) found that IoT services enabled
cities experience significant improvements in energy efficiency, public safety, and transportation management. Singh et al.
(2024) conducted study on smart city initiatives confirmed that IoT services, such as smart lighting and intelligent traffic
systems, greatly enhance the functionality and sustainability of urban spaces. Additionally, Ullah etal. (2024) highlighted
that IoT services driven smart urban solutions which contribute to greater social equity by providing more accessible public
services especially in urban growth. Based on previous discussion, it is hypothesized that,

H2: IoT services significantly improve smart urban growth.

The NFC services are the wireless technology that allows different devices to exchange data in a very short distance
(Rafigetal.,, 2023). In various urban cities, NFC is normally used for contactless payments, and verification identification
(Bibri et al., 2023; Wang, 2023). The relevance of NFC technology towards smart urban growth comes in the form of
streamlining access to services while improving efficiency and innovation of services rendered for the public, thereby making
cities more connected and user-friendly. NFC technology also forms part of advancements related to financial inclusion
and mobility in smart cities. An empirical research by Daud et al. (2024) also demonstrated that the implementation
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of NFC payment systems in public transport decreases travel time and makes travel more enjoyable for passengers and
thus increases usage of public transport. Liu et al. (2021) was able to prove that NFC service usage enhances functional
efficiency within cities as it assists in forming straightforward deals and decreases the demand for physical infrastructure
to be used within the space of urban and public service areas such as retail and public service areas. On the other hand,
Pathak and Pandey (2021) has shown that NFC-based solutions will further the realization of smart cities as they push
forward digital transformation and enhance mobility in urban areas as well as facilitate cashless societies. Moreover,
Borrego-Jaraba, Luque Ruiz and Gémez-Nieto (2010) have also mentioned that NFC systems give way to growth
concerning economic development because those systems speed up innovation based on retail and tourism sectors, and
subsequently increase growth within an urban area. These studies discovered that NFC was an essential factor that
helped increase the growth of smart cities, thus the following hypothesis is drawn below,

H3: NFC services significantly improve smart urban growth.

The transport problems refer to the solutions that address urban cities issues related to transport like pollution and
inadequate public transit (Denget al., 2022; Tran et al,, 2023). Smart transport services which are focusing on optimizing
the flow of traffic, integrating different transport modes, and improving overall mobility system efficiency (Musa et al.,
2023). Addressing transportation challenges is crucial for the economic and social growth of cities, as effective mobility
systems reduce time wasted in transit, enhance accessibility, and improve the quality of life for urban residents (Anwar
& Oakil, 2023; Barba, 2022). Lee et al. (2023) further revealed that smart transport solutions, such as intelligent traffic
management systems, reduce congestion and improve logistics, leading to economic benefits and improved quality of
life. In a study by Wolniak (2023), it was found that cities using advanced transportation services experienced better
air quality and reduced greenhouse gas emissions, which are key indicators of sustainable urban growth. Additionally,
Wagar et al. (2023a) also noted that smart transport services encourage the use of public transportation, which decreases
reliance on private vehicles and reduces urban pollution. Further study by Gharehbaghi et al. (2023) also enforced that
the transport problem decreases the growth of urban cities growth. Based on previous discussion, it is hypothesized that,

H4: Transport problem services significantly improve smart urban growth

Environmental concerns refer to the incorporation of sustainability measured in the development of urban areas
that focus on reducing carbon emissions and promoting renewable energy (Salman & Hasar, 2023). Addressing
environmental concerns is important for long-term urban growth as it ensures that cities are sustainable, resilient,
and capable of mitigating the impacts of climate change (Mezher, Ali, & Allawi, 2023; Reutov et al., 2023). This is
further supported by Giuliodori, Berrone and Ricart (2023) who also ensured that cities prioritizing environmental
sustainability saw improvements in air quality, reduced carbon emissions, and enhanced public health outcomes. In
the same vein, Belaid and Arora (2024) also reported that integrating green technologies into urban planning, such
as energy-efficient buildings and waste management systems, promotes economic growth by attracting investment
in sustainable infrastructure. Another study by Lim et al. (2024) indicated that cities focusing on environmental
concerns experience reduced costs associated with energy consumption and waste disposal, leading to long-term
financial sustainability. Further study by Gracias et al. (2023) and Zhang (2023) also found a significant impact of
environmental concerns on growth. Therefore, a study has formulated the following hypothesis,

HS: Environmental Concerns Significantly Improve Smart Urban Growth.

The infrastructure development of urban areas support the cities in functioning which consist of transportation
networks, utilities, and public facilities (Yi et al., 2024). An infrastructure that is well-planned is essential for economic
development, and quality of life (Lim et al., 2024). Smart urban growth relies on efficient, resilient infrastructure to
manage the challenges of increasing urban populations and environmental pressures (Aderibigbe & Gumbo, 2024).
The development of modern sustainable infrastructure is a key driver of smart city initiatives (Aderibigbe & Gumbo,
2024; Lu & Yusof, 2022). Further, Mathew and Bangwal (2024) also emphasized that cities with well-developed
infrastructure have greater attention to rapid economic growth. Similarly, Akomea-Frimpong et al. (2024) and
Behdadfar and Samaei (2024) also found that cities investing in modern urban infrastructure experience improved
public services, increased economic activity, and enhanced resilience to environmental challenges. Another study
by Deeb, Algahtani and Bin Mahmoud (2024) also found a positive and significant impact of infrastructure and
development on the city’s growth. Thus, a study has formulated the following research hypothesis below,
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H6: Urban Infrastructure and Development Significantly Improve Smart Urban Growth.

Previous studies have shown that cloud services are an important factor that helps to increase growth. In another
study Liu et al. (2021) argued that information technology resources and growth could be tested with the relationship.
Urban planner’s knowledge could be a potential mediating variable (Liu et al., 2021) because urban planners’
knowledge refers to the specialized expertise and insights that city planners bring to the design and execution of
urban policies and projects. Their knowledge is crucial in ensuring that technological innovations such as cloud
services, IoT, NFC, and smart transport solutions are applied effectively to enhance urban growth. Uden and He
(2017) further demonstrated that urban planners with expertise in NFC and smart transport systems were able to
significantly enhance the effectiveness of these technologies, leading to more sustainable urban mobility solutions.
Furthermore, planners’ knowledge is critical in addressing integrating green technologies into urban infrastructure
projects (Madady Nia et al., 2024). In other studies, it was also argued that information technology infrastructure
increases planners’ knowledge to improve growth (Liu et al., 2024; Rusidah, 2023). The same argument has been
enforced by Liu et al. (2024) that information technology is a key indicator of increasing knowledge (Peng & Xu,
2024) which increases the efficiency or growth of any economy. Thus, based on the previous it is hypothesized that,

H7: cloud services significantly effect smart urban growth with the mediating effect of urban knowledge planning.
HS8: IoT services significantly effect smart urban growth with the mediating effect of urban knowledge planning.
H9: NFC services significantly effect smart urban growth with the mediating effect of urban knowledge planning.

Extant literature has shown that transportation has become an integral part of improving smart urban growth. If the
transformational issues are not addressed then the growth could be affected negatively (Tran et al., 2023). In smart cities,
advanced transportation solutions such as intelligent transportation systems (ITS), electric vehicles, and smart public
transit systems have been shown to reduce these issues, promoting smoother mobility and enhancing urban efficiency
(Bandauko & Nutifafa Arku, 2023). However, the success of such interventions heavily relies on urban planning knowledge.
Planners with expertise in smart transport technologies and data-driven insights could integrate these systems within
the city’s infrastructure, optimizing traffic flows, and ensuring that transportation systems meet the needs of future
growth (Waqar et al., 2023a). Without this knowledge, smart transportation systems could be analyzed as underutilized
in preventing cities from benefiting of smart urban growth. Thus, based on previous discussion it is hypothesized that,

H10: Transportation issues significantly affect smart urban growth with the mediating effect of urban knowledge
planning,

Environmental concerns are considered to be a critical factor for smart urban growth. The authors further argued that
environmental issues increase confidence in planners’ knowledge (Bibri et al., 2023) and could increase smart urban
growth. Therefore, seeking the importance of environmental issues is important for smart urban growth, as cities aim
to reduce their ecological footprint while improving residents’ quality of life (Ates & Erinsel Onder, 2023). Urban
planning knowledge plays an important role in ensuring that sustainable practices are embedded into the city’s design
and development (Son et al., 2023). Urban planners, equipped with knowledge of smart city technologies and green
infrastructures, can implement solutions such as smart energy grids, water management systems, and eco-friendly
buildings that mitigate environmental impacts (Mutambik et al., 2023). Moreover, sustainable urban development
approaches like circular economy and green urbanism further emphasize the importance of informed urban planning
(Bandauko & Nutifafa Arku, 2023). This planning could increase the city’s environmental measures toward proactive
planning, where environmental concerns are integrated into every aspect of urban development which could increase
smart urban growth (Bokolo, 2023). Thus, based on the previous discussion, it is hypothesized that,

H11: Environmental Concerns significantly affect smart urban growth with the mediating effect of urban knowledge
planning,

Authors argued that infrastructure development is an important concern for the smart urban growth. The infrastructure
development not only enhanced smart urban growth directly but also provided the backbone for essential services such
as transportation, energy, communication, and water systems (Omelyanenko & Omelianenko, 2023). In the context of
smart cities, infrastructure development not only involves physical assets but also the integration of digital technologies
that enable smarter, more efficient urban management (Son et al., 2023). However, the scale of these infrastructures
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requires careful planning to ensure that they are sustainable, scalable, and capable of supporting future technological
advancements (Wanget al., 2023). Urban planning knowledge is essential which aligns infrastructure development with
smart city objectives (Wang et al., 2023). Planners knowledgeable in areas such as smart grids and data analytics can
ensure that infrastructure projects are designed with long-term growth and adaptability in mind (Mashabela, Gumbo, &
Mahachi, 2024). Without this integration, infrastructure development may become fragmented or inefficient, limiting
its potential to foster sustainable smart city growth. Thus, based on previous discussion, it is hypothesized that,

H12: Infrastructure development significantly affects smart urban growth with the mediating effect of urban
knowledge planning,

Figure 1: Conceptual Framework.

METHODS

The research aimed to test the impact of innovative information technology services, transportation, infrastructure
development, and environmental dynamics on smart urban growth in Saudi Arabia with the mediating effect of urban
planning knowledge. For this purpose, the research employed the quantitative research approach. This approach
provided the strengths of being able to generalize findings from large samples, clearly establishing a systematic
procedure for hypothesis testing, and the statistical analysis to measure variables very precisely (Weyant, 2022). While
the qualitative approach excels in providing deeper insights it has less generalizability. Further research employed the
cross-sectional research design because cross-sectional studies are advantageous due to their efficiency in collecting data
at asingle point in time, which reduces cost and time demands (Rindfleisch et al., 2008). Furthermore, explanatory
research focuses on understanding the cause-and-effect relationships, making it more suitable for hypothesis testing
compared to exploratory research, which is often used for generating hypotheses and providing initial insights into
new phenomena (Ali, 2020). This is the reason, researchers have employed the explanatory research approach.

Population and Sampling

The researchers targeted the Saudi Arabian urban cities managers and planners which is considered to be a highly
relevant population for research on smart urban growth due to their expertise and direct involvement in city
development processes. The purposive sampling technique used to select these respondents is advantageous because
it allows researchers to focus on individuals with specific knowledge and experience related to the research topic
which enhances the relevance and depth of the collected data (Campbell et al., 2020). The study distributed 500
questionnaires and received 380 responses, resulting in a strong response rate of 76%. This high response rate increases
the reliability and validity of the findings (Baruch & Holtom, 2008).

Questionnaire Development
The research instrument was adopted from the extant literature. The innovation information technology services are
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measured by three dimensions namely cloud services, IOT services, and NFC services. Among these cloud services
were measured by 4 items, IOT services were measured by four items, and NFC services were also measured by four
items. These items were adopted from the study of Liu et al. (2021). Environmental concerns were measured by 4
items, and transportation issues were measured by five items. These items were adopted from the study of Feng, Pitafi
and Zhang (2023). In addition, infrastructure development was measured by 6 items and these items were adopted
from the research of Feng et al. (2023). The urban knowledge planning was measured by four items (Liu et al., 2021).
Smart Urban growth is measured by 6 items from the study of Agboola et al. (2023). All of the items were measured
on a point Likert Scale and ranked 1 for strongly disagree and five for strongly agree.

DATA ANALYSIS AND INTERPRETATION

Respondents Demographics

Below Table 1 shows the collected data on respondents’ characteristics. There were a total of 380 respondents and
out of 380 there (78.9%) were male, while 21.1% were female which indicates the majority of the male because Saudi
Arabia is not a female-dominant society. Most respondents (39.5%) were aged between 35-44 years, followed by
26.3% in the 25-34 age group, suggesting that the workforce primarily consists of middle-aged professionals. In terms
of education, over half (52.6%) held a Bachelor’s degree, with 31.6% holding a Master’s degree and 15.8% having a
Doctorate, highlighting a highly educated sample. Experience levels were fairly evenly distributed, with the largest
group (31.6%) having 6-10 years of experience. Geographically, nearly half of the respondents (47.4%) were from
Riyadh, followed by 26.3% from Jeddah, reflecting the concentration of urban development in major cities. These
results show majority of the respondents were from Riyadh city in Saudi Arabia.

Table 1: Respondents Profile.

Category Subcategory Frequency Percentage (%)
Gender Male 300 78.90%
Female 30 21.10%
25-34 years 100 26.30%
35-44 years 150 39.50%
AAge Group 45-54 years 80 21.10%
55 and above 50 13.20%
Bachelor’s Degree 200 52.60%
IEducational Level IMaster’s Degree 120 31.60%
[Doctorate 60 15.80%
1-5 years 80 21.10%
X 6-10 years 120 31.60%
Years of Experience 11-15 years 100 26.30%
16 years and above 80 21.10%
Riyadh 180 47.40%
City |Al-hasa 100 26.30%
[Dammam 60 15.80%
Other Cities 40 10.50%

Descriptive and Correlational Matrix

Table 2 shows the correlation matrix among the respondents which shows the relationship among variables that influence
the urban growth. The correlation results show that cloud services have a moderate level of positive correlation with IOT
(0.351) and Urban Planning Knowledge (0.431), which suggests that increased adoption of cloud technologies is associated
with better integration of IoT services and a stronger grasp of urban planning principles. Environmental Concerns (0.5121)
show the highest correlation with Urban Planning Knowledge, indicating that addressing environmental issues significantly
enhances the knowledge and practices in urban planning. NFC Services and transport problem services exhibit lower
correlations with other variables, implying that their influence on smart urban growth might be less direct or dependent
on other factors. Urban infrastructure and development also have moderate positive correlations with several variables,
highlighting its importance in supporting smart urban growth alongside technological advancements and planning knowledge.
All mean values are also greater than 3 which shows that respondents perceive that all indicators are important for the
study. These correlated values show the significance of integrating technology, planning knowledge, and environmental
correlation to increase smart urban development in Saudi Arabia. The above results are predicted in Table.2 below,
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Mean SD 1 2 3 4 5 6 7
CL 3.562 0.821 1
I0TS 3.782 0.921 0.351 1
INFCS 3.672 0.981 0.222 0.291 1
TRB 3.651 0.831 0.153 0.182 0.22 1
IENC 3.123 0.931 0.452 0.381 0.333 0.251 1
URI 3.231 0.943 0.321 0.252 0.271 0.231 0.413 1
URW 3.71 0.981 0.431 0.371 0.353 0.331 0.5121 0.45 1
Sources: Author’s Estimation

Reliability Results

This section represents the reliability test results of the study using principal component analysis and Cronbach
alpha which reveals strong factor loadings and high internal consistency. All items factor loadings exhibited above
0.70, which surpasses the acceptable threshold of 0.50 for factor loadings (Shevlin & Miles, 1998), indicating that
these items strongly contribute to their respective constructs. The Cronbach’s alpha values for each variable range
from 0.83 to 0.89, exceeding the standard threshold of 0.70, which demonstrates excellent internal reliability
(Sass, 2010). These results suggest that the items used to measure the variables in this study are both valid and
reliable which ensures that constructs are measured consistently among the respondents. The above results are

depicted in Table 3.
Table 3: Reliability Results.
[Variable Items Loadings Cronbach’s Alpha
CL1 0.913
_ cL2 0.903
ICloud Services CL3 0.942 759
CL4 0.613
I0OTS1 0.542
. I0TS2 0.731
ILoT Services [0TS3 0.633 .859
I0TS4 0.815
INFCS1 0.797
A INFCS2 0.527
INFC Services NECS3 0774 .838
INFCS4 0.914
TRB1 0.516
TRB2 0.834
[Transport Problem Services [TRB3 0.893 0.791
[TRB4 0.791
TRB5 0.823
IENC1 0.853
. IENC2 0.832
[Environmental Concerns ENC3 0.874 813
IENC4 0.896
URI1 0.818
URI2 0.889
[Urban Infrastructure URD3 0794 0.832
IDevelopment
URI4 0.781
URIS 0.903
URW 1 0.753
. [URW?2 0.855
[Urban Planning Knowledge URW3 0.623 .861
URW4 0.647
SUGIL 0.761
SUG2 0.683
Smart Urban Growth SUG3 0.546 0.795
SUG4 0.797
SUG5 0.558

Source: Author’s own Illustration
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Regression Results

After the construct reliability results, the next step is to test the hypothesis of the study using multiple regression
analysis. The regression results analysis shows that Cloud Services (B = 0.321, t = 4.946), IOT Services (3 = 0.289,
t =4.129), NFC services (f = 0.234, t = 3.250), Transport Problem Services (B = 0.215, t = 3.161), Environmental
Concerns ( = 0.405, t = 6.136), and urban infrastructure development (3 = 0.311, t = 5.016) cach have a significant
positive impact on smart urban growth in Saudi Arabia. These results emphasized the significance of these services
and concerns in increasing the development of smart cities which is highlighting their critical roles in driving urban
advancement and efficiency. The results reflect the effective integration of technological and infrastructural elements
in supporting smart urban initiatives, as seen from the data provided by urban smart city managers and planners.
Further indirect effect results show the mediating effect of urban planning among cloud services (f = 0.221, t =
5.262), IOT services (p = 0.189, t = 4.846), NFC services (B = 0.145, t = 3.919), transport problem services (f =
0.138, t = 3.833), environmental concerns (f = 0.257, t = 6.268), and urban infrastructure development (3 = 0.198,
t=5.211) and smart urban growth. This mediation effect highlighted the important role of effective urban planning
in the context of Saudi Arabia’s smart urban growth. The above regression results are predicted in Table 4.

Table 4: Hypothesis Results.

Standardized Beta  [Standard Error T statistics P values Decision
CL->SUG 0.321 0.065 4.946 0.000 lAccepted
IOTS->SUG 0.289 0.07 4.129 0.000 |Accepted
INFCS>SUG 0.234 0.072 3.25 0.001 |Accepted
TRB>SUG 0.215 0.068 3.161 0.002 |Accepted
ENC>SUG 0.405 0.066 6.136 0.000 |Accepted
URI>SUG 0.311 0.062 5.016 0.000 |Accepted
URW->SUG 0.412 0.091 4.527 0.000 |Accepted
ICL->URW>SUG 0.221 0.042 5.262 0.000 |Accepted
IOTS->URW>SUG 0.189 0.039 4.846 0.000 |Accepted
INFCS->URW>SUG 0.145 0.037 3.919 0.000 |Accepted
TRB->URW>SUG 0.138 0.036 3.833 0.000 |Accepted
ENC->URW>SUG 0.257 0.041 6.268 0.000 |Accepted
URI->URW>SUG 0.198 0.038 5.211 0.000 |Accepted
|Acronyms: CL- Cloud Services, IOTS- IOT Services, NFCS- NFC Services, TRB-transport problem services, environmental concerns,
[URI- Urban Infrastructure Development, URW, Urban Planning Knowledge, SUG- Smart Urban Growth.

Figure 2: Beta Values.
DISCUSSION

The study aimed to test the impact of innovative information technology services, infrastructure development,
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transportation issues, and environmental dynamics on smart urban growth in Saudi Arabia with the mediating effect
of urban planning knowledge. The regression results show that cloud services have a positive and significant impact on
smart urban growth in Saudi Arabia. These findings show the essential role of cloud computing in advancing smart
city initiatives in Saudi Arabia. Cloud services provide scalable and flexible infrastructure and allow for the effective
management, integration, and analysis of data, which form the backbone of smart urban planning and development.
The results are therefore accorded by the findings by others, like in Hassan et al. (2024) and Liu et al. (2021), which
even documented that cloud services allowed the integration of other applications of smart cities such as trafhic
management, energy monitoring, among others, hence making the systems efficiently responsive. Given Saudi Arabia’s
countrywide Vision 2030, which has an emphasis on a digital transformation and a smart city, the positive impacts
of cloud services were indeed more apparent. These findings focused more on the benefits of cloud technologies in
Saudi cities, allowing for efficient, innovative, and scalable urban planningand development. Additional outcomes
show that IoT services positively impact the growth of smart urban development in Saudi Arabia. Findings from the
current study indicate the role of IoT services in this regard comes in through ensuring delivery of real-time data and
insights through both practice and theory at its core, thus playing an important role in effective urban management.
IoT devices would monitor all the aspects of urban life, including traffic flow, air quality, and energy usage, making
decisions better and more enhanced to improve urban service delivery (Kizza, 2024; Singh et al., 2024). The results
are consistent with the study of Singh et al. (2024), where they also enforced that IoT technologies enhance urban
infrastructure by providing actionable data that supports better planning and operational efficiency. These findings
emphasized that Saudi Arabia should be focused on IOT services because effective use of IoT could drive progress in
areas such as traffic management and environmental monitoring, which are critical for sustainable urban development.

Furthermore, the results indicate that NFC services positively and significantly affect smart urban growth in Saudi
Arabia. Such results therefore reveal that in Saudi Arabia, NFC services are experiencing a growth of cities in terms
of promoting contactless transactions and interactions, which would enable the streamlining of city services and
enhance user experience. This technology supports efficient payment systems and access control, which are important
for modern urban environments. The results are consistent with the results of Kalenyuk et al. (2024) and Todorovié
and Milovéevi¢ (2024), who also found that NFC technology is known to enhance convenience and efficiency in
various applications that could increase smart urban growth. As cities move towards more digital and cashless systems.
Therefore, these findings emphasized that Saudi Arabia should focus a proper NFC services which can play a key role
in modernizing urban infrastructure and improving service delivery which could contribute to a smoother urban
experience. Further depicted results also show the positive and significant role of transport problem services on smart
urban growth in Saudi Arabia. This shows that Saudi Arabia’s addressing greater concerns on transport issues which
are crucial for the development of smart cities because effective transport solutions could reduce congestion, improve
mobility, and enhance overall urban efficiency. Findings are similar to the findings of Bandauko and Nutifafa Arku
(2023) and Kuo, Leungand Yan (2023), who also highlighted the role of smart transport solutions in reducing traffic
congestion and improving urban mobility. These findings emphasized that the Saudi Arabian traffic management
authorities should focus on transport issues because solving transport problems is vital given the rapid urbanization
and growing population implementing smart transport solutions could alleviate traffic issues, reduce travel times,
and support sustainable urban growth (Bandauko & Nutifafa Arku, 2023).

Further depicted results show environmental concerns have a positive and significant impact on smart urban growth
in Saudi Arabia. The results show that Saudi Arabia has a greater focus on environmental concerns because they are
integrating environmental considerations into urban planning which is crucial for sustainable development. The
significance of environmental concerns in urban planning is well-documented by Salman and Hasar (2023) which shows
that incorporating sustainability measures improves urban resilience and quality of life. These findings show that Saudi
Arabia should focus on environmental concerns because by prioritizing environmental issues in urban planning, the
country can promote sustainable development which can enhance public health, and ensure the long-term viability of
urban areas. In addition, urban infrastructure development also has a positive and significant impact on smart urban
growth in Saudi Arabia. These results show that Saudi Arabia’s traffic management system has well infrastructure that
supports smart city initiatives in contributing to better connectivity, efficiency, and overall urban functionality. The
results are supported by the findings of Nawir, Bakri and Syarif (2023) who enforced the importance of infrastructure
development in facilitating smart city growth because it supports various smart growth. These findings emphasized

43 Rita Indexed Journal of Academic Texts



Impact of Information Technology Services, Transportation Factors, and Environmental Dynamics on Smart Urban Growth

that Saudi Arabia should focus on infrastructure because upgrading infrastructure not only supports current smart city
initiatives but also lays the groundwork for future technological advancements and urban improvements.

The indirect effect depicted results also found the partial mediation of cloud services between cloud services and smart urban
growth in Saudi Arabia. This effect highlighting in Saudi Arabia cloud services enhance Urban Planning Knowledge, which
in turn contributes to smart urban growth. This emphasizes the importance of cloud technologies in improving planning
practices and facilitating better urban development. Cloud computing’s role in improving planning processes is supported
by evidence (Hashem etal., 2023; Liu et al., 2021) which shows that it enhances data integration and decision-making in
urban management. Further indirect effect results show that IOT services positively and significantly impact smart urban
with partial mediation of urban planning knowledge in Saudi Arabia. This shows the importance of IOT services in Saudi
Arabia which is increasing urban planning knowledge, which supports Smart Urban Growth. This finding emphasizes
the value of IoT data in enhancing planning practices. The findings are in line with the study of Bibri et al. (2023) who
also argued that IoT on planning is well documented, showing that IoT data improves planning accuracy and efficiency.
This findings shown that Saudi Arabia should focus on IOT services because leveraging IoT Services to enhance planning
knowledge can significantly advance smart city more effective and efficient urban development.

NFC services and Smart urban growth relationship is partially mediated by urban planning knowledge in Saudi
Arabia which shown in Saudi Arabia NFC services are well documented and are still contributing to smart urban
growth by enhancing planning knowledge. This suggests that NFC technology supports efficient urban management
and service delivery. The result is in line with the finding of Bibri et al. (2023) who argued that NFC technology’s
role in the management of cities is less prominent but still relevant, as it supports various aspects of smart city
operations. In this regard, Saudi Arabia should be focused on NFC services because incremental improvements in
planning through NFC Services can contribute to more effective urban management, aligning with broader smart
city growth. Further findings show that transport problem services also have a positive and significant impact on
smart urban growth with the mediating effect of urban planning knowledge in Saudi Arabia. This result highlights
the importance of addressing transport issues to enhance planning knowledge, which in turn supports Smart Urban
Growth. Effective transport solutions contribute to better urban planningand development. The results are in line
with the result of Mao et al. (2024) and Tran et al. (2023) because they also highlighted that integration of transport
solutions into planning is known to improve mobility and efficiency.

This effect in Saudi Arabia’s case highlighted the perspective that environmental concerns enhance planning knowledge,
which promotes smart urban growth. Thus, environmental issues addressed relate to more informed and sustainable urban
planning, The evidence is reinforced by research findings by Gracias et al. (2023) and Zhang (2023), which show that the
consideration of environmental issues in planning improves the sustainability and resilience of cities. In addition, the
knowledge in urban planning partially mediates the development of Saudi Arabian infrastructure and smart urban growth.
This finding effect emphasizes the impact of infrastructure development within the Saudi Arabia context on raising planning
knowledge that contributes to smart urban growth. The results conform to the findings of Adenckan et al. (2024) who
argued that infrastructure development is known to facilitate smart city growth by supporting various technologies and
services. These empirical results highlighted the fact that the government should invest much in developing infrastructures,
which is critical in advancing smart city initiatives and achieving long-term urban growth and sustainability.

Implications

The study has various implications which are contributed based on introducing a model that incorporates both
direct and indirect effects through Urban Planning Knowledge. The significant direct impacts of cloud services, IoT
Services, NFC services, transport problem services, environmental concerns, and urban infrastructure development
on smart urban growth contribute to the understanding of how various technological and infrastructural factors
influence urban development. Furthermore, the mediation effects of urban planning knowledge also highlight the
important relationship between technology adoption and planning practices. This finding extends existing theories
by emphasizing that technological advancements not only directly impact urban growth but also enhance planning
capabilities, which in turn support more effective and sustainable development. This study contributes to a body of
literature for researchers because it provides a novel framework for exploring the role of mediating variables in smart
city development. Researchers can apply this model to different contexts or enhance the theoretical foundation of
smart city research and inform future studies on urban development strategies.
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The study also contributed practical implications along with theoretical implications which are significant for Saudi
Arabia. The finding contributed to help to policymakers and urban planners should prioritize investments in these
technologies and infrastructure to enhance smart city initiatives. For instance, adopting cloud computing and IoT
technologies can improve data management and real-time decision-making, while addressing transport issues and
environmental concerns will contribute to more sustainable and efficient urban growth. The mediating effect results
also help to regulators to know the importance of urban planning knowledge which highlights the importance of
strengthening planning capabilities alongside technological advancements. Through improving planning processes,
cities can better leverage technological investments and infrastructure improvements to drive smart city development.
This integrated approach will enable Saudi Arabian cities to achieve their Vision 2030 goals through enhancing
innovation, sustainability, and enhanced urban services that could lead to a more effective environment.

CONCLUSION AND FUTURE DIRECTIONS

The study aimed to empirically test the impact of innovative information technology services, environmental concerns,
and infrastructure development on the smart urban growth of Saudi Arabia. The study also tested the mediating effect
of urban planning knowledge. Through cross-sectional research design, direct effect multiple regression analysis results
show that innovative IT services namely cloud services, IOT services, and NFC services have a positive and significant
impact on smart urban growth. Environmental concerns, transportation issues, and infrastructure development also
positively and significantly impact smart urban growth. The indirect effect also shows that urban planning knowledge
also partially mediating among all relationships. The important findings highlighted a novel role of innovative IT
services, environmental dynamics, and transportation in driving smart urban growth in Saudi Arabia along with urban
planning knowledge acting as a partial mediator. This research provides actionable insights for policymakers to prioritize
integrating advanced technologies with urban planning to increase sustainable development.

Along with significant findings, the study has some limitations that could be addressed in further research. Firstly, the
study was limited to Saudi Arabia, and findings could not be generalized to other developed countries. Therefore, future
research could be explored in other developed countries to know the variations in findings. Secondly, the study is limited
to mediating effects while there is also a moderating variable like country culture, etc. that could increase the predictive
power of the model. In this regard, future research could be explored on the moderating effect that could increase the
predictive power of the model. Thirdly, a study was conducted on a cross-sectional research design where data was collected
at one time. Future research could be conducted on longitudinal research design to know the variation in findings.
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