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Abstract—This research explores the intricacies of 

implementing and securing Internet of Things (IoT) technology in 

Saudi Arabian startups. In the middle of Saudi Arabia's ambitious 

pursuit of social and economic progress via IoT breakthroughs, 

entrepreneurs have emerged as critical participants grappling 

with serious computing security challenges.  This study conducts a 

thorough examination of the cybersecurity risks associated with 

start-up in Saudi Arabia’s IoT applications, technologies and 

innovations by reviewing a wide range of publications.  The key 

objectives are to identify the main cybersecurity risks, analyze the 

impact of IoT device networking on privacy and security, and 

propose strategies to mitigate these threats.  Furthermore, the 

study stresses the importance of funding up-to-date security 

technologies, cooperation with the cyber experts, and shifting 

towards the cloud-based security. Also, the study identifies the 

importance of cybersecurity education and training to enhance the 

defensive mechanisms of the startups against cyber threats. This 

study provides novel insights by identifying the distinct 

cybersecurity obstacles encountered by IoT-enabled businesses in 

Saudi Arabia and proposing a complete framework to enhance 

their security architecture. Robust cybersecurity policies are vital 

for both unleashing the transformative potential of IoT for 

startups and guiding Saudi Arabia towards its objective of being a 

worldwide leader in IoT. This paper advocates for a cooperative 

strategy that involves policymakers, industry stakeholders, and 

entrepreneurs to prioritize and allocate resources towards a safe 

and robust IoT ecosystem. This would help promote economic 

development and innovation in the country. 
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I. INTRODUCTION 

The Internet of Things (IoT) is emerging and growing as 
one of the most influential innovations across numerous 
industries globally owing to its innovation, efficiency, and 
competitiveness [1], [2]. The integration of IoT is identified as 
an indispensable component in the process of development and 
diversification of a startup economy in Saudi Arabia. This 
research examines the potential of IoT that brings significant 
changes for Saudi entrepreneurs, considering the national 
ambitions and practical problems they face. Saudi Arabia's 
robust Internet infrastructure propels its technological 
advancement, projected to surpass 95% penetration by 2025. 
This is a suitable environment for the emergence of digital firms 
[3], [4]. Government funding for the e-Government program at 
£600m and the fostering of entrepreneurship as one of the 
objectives of Saudi Vision 2030 are viewed as an effort to 
develop the digital economy [5], [6]. These activities in 

conjunction with venture capital investments, aim to reduce the 
financial disparity for firms that use IoT technology, in line 
with the country's objectives of fostering innovation and 
entrepreneurship. Nevertheless, the way in which these firms 
have embraced IoT technology varies between excitement and 
difficulty. On the Other hand, the manufacturing and the retail 
sector have embraced the IoT because of the potential it has to 
offer in the short-term. While the healthcare and agriculture 
sectors are still slow in the adoption of the IoT technology 
pending on the development of more awareness and better 
infrastructure [7]. Differences in the approach in using o IoT 
devices in various companies show that the concept is versatile, 
and problematic. Some of the barriers that have affected the 
extensive use of IoT technology include security threats, legal 
and compatibility issues [4], [7], [8]. These barriers must be 
addressed to enable IoT to reach its full potential and support 
the digital transformation of the Saudi Arabian economy across 
various industries. 

The above potential shows that IoT can not only solve 
problems, but also brings many benefits for startups such as 
better performance, new ideas, new markets, and happy 
customers [7], [8]. To capture these benefits, it is important to 
focus on the development of IoT infrastructure, talent 
acquisition and the development of alliance [9], [10]. 

Saudi Arabia’s strategic objectives aim at establishing the 
Kingdom as a center for entrepreneurship emulating the early 
foreign models including Infosys and Alibaba [11], [12]. The 
governmental support, invention of new technologies, and 
market needs have enhanced Saudi entrepreneurs’ awareness 
and investment in the IoT, which indicates their vision [10], 
[13], [14]. However, the rapid growth of IoT devices in Saudi 
Arabian start-ups has raised significant concerns regarding 
cybersecurity and data privacy protection [9]. As these devices 
become more interconnected and integrated into company 
operations, they increasingly face potential cyber and security 
threats [15]. Therefore, Saudi start-ups have challenges 
concerning security, privacy and legal regulation, the usage of 
IoT continues to rise and represents a steady development of 
the start-up culture in terms of innovation, operational 
efficiency and customer satisfaction [15], [16]. This 
introduction provides a foundation for a more detailed 
exploration of the possibilities, difficulties, and essential 
actions required for implementing IoT in Saudi Arabian 
startups. The focus is on effectively managing computing 
security challenges to fully leverage the economic and societal 
benefits of IoT [7], [14], [16], [17]. 
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A. Background 

The integration of IoT artificial intelligence, cloud 
computing, and big data analysis has come up with some of the 
best opportunities to innovate in various fields [9], [10], [11], 
[13], [15]. Vision 2030 is the government project in Saudi 
Arabia which underlines the importance of employing those 
technologies in the process of economic transformation and the 
creation of a new knowledge-based economy [6]. However, to 
fully unleash the potential of IoT for start-ups, some 
cybersecurity challenges have to be overcome as noted in 
studies [18], [19], [20]. 

B. Scope of the Paper 

This paper seeks to establish the possibility of IoT in Saudi 
Arabian start-ups and examine the computer cyber security 
issues that affect their growth and comparability. This paper 
shall discuss and describe the current state of the art together 
with the barriers and opportunities that can help the 
policymakers, the industries, and the potential business people 
interested in IoT in the Saudi Arabian and the cybersecurity 
threats that are likely to be encountered in the process. 

C. Research Problem 

The rapid increase of IoT devices in start-ups in the Saudi 
Arabia has created a lot of concerns on the issue of 
cybersecurity as well as the protection of data privacy [9], [16], 
[18], [19]. Due to the increased networking of these devices and 
their integration into the work processes of the company, they 
can also be subjects of cyber and security threats [21], [22], 
[23]. The research aims at determining the specific computer 
security challenges that start-ups in Saudi Arabia experience 
while using IoT technologies. 

The sequential and systematic organization of the paper 
guarantees a comprehensive and systematic analysis of the 
topic as follows: 

• Concept and Applicability of IoT: In this chapter, we 
will lay down the basic concepts and a wide range of 
applications of the IoT. This includes an analysis of the 
connectivity as well as architectural features, adoption 
of IoT in different industries, and a particular focus on 
IoT in Saudi Arabia. 

• Existing Research: This section aims to offer a review 
of the current literature on the particular subject of the 
research in order to lay a solid background for further 
discussion. 

• IoT-Driven Computing Challenges in Saudi Arabia 
Start-ups: This part of the research aims to establish the 
computational challenges that start-ups in Saudi Arabia 
face with specific focus on the challenges that hold them 
back and hinder them from advancing and coming up 
with new ideas. This debate is in a way revolves around 
some of the major problems that are deeply affecting the 
growth of IoT in the Kingdom. 

• The Role of Vision 2030 in Promoting IoT: This section 
focuses on the role of Saudi Arabia’s Vision 2030 in 
supporting the integration of the IoT technology into the 
Saudi Arabia innovation and economic transformation 

agendas. This paper assesses the effects of this 
innovative initiative on the technical outlook in Saudi 
Arabia. 

• Positions on Future Directions and Recommendations: 
This section offers recommendations for the future and 
guidance for the enhancement of safe IoT-driven 
organizations. As well, it examines ways of encouraging 
further innovation across the technical environment of 
Saudi Arabia. 

• Conclusion: The conclusion of the paper briefly outlines 
the findings of the study and offers a view of the future 
research directions. Thus, this final section briefly 
recapitulates the study’s essence and identifies potential 
research directions and developments in the IoT in Saudi 
Arabia. 

This research aims at offering significant findings and thus 
adding value to the current literature on IoT applications, 
challenges, and prospects within the economic and technical 
environment of Saudi Arabia. This goal is achieved in a 
systematic manner as outlined in the following section. 

II. CONCEPT AND APPLICABILITY OF IOT 

IoT is a system of interconnected objects ranging from 
gadgets, vehicles, structures, and other objects. Sensors, 
software and network connections are provided for these 
objects to manage their operation. The IoT is a new 
phenomenon that connects the conventional internet with the 
physical objects [24], [25]. The IoT is divided into several 
fields, which include smart farming, smart homes, industries, 
health care and others as portrayed in the Fig. 1 [3], [8], [25]. 
Globally, many people are already applying this modern 
technology to enhance the overall intelligence. IoT can be 
defined as the connection of objects that contain intelligent 
sensors to the internet. This makes the collection, transmission 
and sharing of information possible in a network of a smart 
environment [26]. Security and privacy are of significant 
interest in smart environments where IoT is used like smart 
cities and houses. Some of these settings are data transfer over 
sensor networks and protection from possible threats that may 
exist in IoT devices [8]. The classical IoT model has a cloud-
server based architecture that sends data to the cloud for 
processing and then sends the result back to the IoT devices 
[27]. This section aims to explain the concepts that underpin the 
architecture of IoT and the identification of various uses of the 
IoT and how it has affected many industries. 

A. IoT Connectivity and Architecture 

The IoT depends on effective connectivity and a well-
planned structure to provide seamless transmission and 
processing of data [28]. Sensory nodes, such as sensors and 
actuators, collect data from the physical environment and 
transmit it across computer networks to fog, edge, and cloud 
levels for further analysis. The fog layer is intermediate 
between the edge and the cloud layer. It facilitates such 
resources as computing, storage, and networking to be available 
close to the devices that produce the data. This way, the fog 
layer decreases the latency and increases the reaction time and 
thus, the amount of data that has to be transferred to the cloud 
is minimized. This is very important in real time applications as 
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indicated by [28] and [29]. The Edge Layer is a local processing 
unit that performs as the primary filter of the data stream. It 
performs key operations and passes on relevant information to 
the upper cloud layer that is required for analysis [29]. 

Industrial IoT applications 

Smart agriculture

HealthCare applications 

Smart mobile devices

Internet

Smart home

 

Fig. 1. Concept and applicability of IoT. 

Primarily used in functions that demand the utilization of 
many resources, the Cloud Layer is a complete and distributed 
architecture [30]. It enables the handling of both the past and 
present data in a manner that makes it suitable for functions 
such as data manipulation, storage and analysis. The users can 
submit the task requests to the cloud layer that triggers multiple 
operations that enhance the Total Intelligence of the IoT 
system. 

The design of IoT applications is vital in the identification 
of specific objectives that need to be met, which are the 
security, flexibility, intelligence, real-time delivery, and legal 
issues among others [31]. Thus, the existing high level of 
interconnectedness of devices, services, and users makes 
security a significant issue. Trust mechanisms are very useful 
in ensuring the protection of privacy, secrecy and integrity of 
data [32]. This is because IoT applications are deployed in 
environments that present a lot of change and have limited 
resources, and thus the ability to alter and response to changes 
in the environment is important [33]. 

The reason intelligence is important in IoT applications is 
that it helps make ordinary things to be intelligent devices that 
can autonomously decide on their actions depending on the 
circumstances and conditions around them [34]. Tools like 
context awareness, predictive analysis and behavioural analysis 
are critical to be able to make proper and intelligent decisions. 

Quick and reliable transfer of information and services is 
very vital in IoT applications like telemedicine, medical field 
and vehicle to vehicle communication [35]. This is because IoT 
applications have the potential of capturing detailed personal 

information of people’s daily lives and therefore, there must be 
regulation to protect against privacy infringement [36]. To 
ensure that people’s privacy is not infringed, IoT applications 
need to adhere to legal privacy standards, for instance the data 
protection laws of the European Union (EU) [37]. 

B. Commonly used Communication Technologies in IoT and 

Their Main Characteristics 

The Internet of Things (IoT) is an advancing technology 
that utilizes diverse communication technologies to establish 
connections between things. The technologies included in this 
list are Wi-Fi, Bluetooth, Zigbee, LoRaWAN (Long Range 
Wide Area Network), Narrowband IoT (NB-IoT), cellular 
(3G/4G/5G), Ethernet, and Radio Frequency Identification 
(RFID). 

Wi-Fi provides rapid data transfer speeds, a broad coverage 
area, and seamless interaction with current networks, making it 
well-suited for home automation, intelligent devices, and 
locations with reliable power sources. 

Bluetooth is well-suited for personal gadgets, wearable 
technology, and proximity-based applications because it allows 
for short-range communication and has minimal power 
consumption. 

Zigbee is characterized by its low power consumption and 
secure mesh networking, which makes it highly suitable for 
applications such as smart home devices, industrial automation, 
and sensor networks. 

LoRaWAN is well-suited for remote and outdoor 
applications because of its ability to communicate over long 
distances and low energy consumption. 

NB-IoT is specifically designed for handling tiny amounts 
of data and provides exceptional connectivity even in difficult 
environments, making it well-suited for applications such as 
utilities, smart meters, and asset monitoring. 

Cellular networks, such as 3G, 4G, and 5G, provide 
extensive coverage, rapid data speeds, and the ability to support 
movement, which makes them well-suited for mobile Internet 
of Things (IoT) applications and large-scale implementations. 

Ethernet provides dependable wired connections, rapid data 
transfer rates, and secure communication, making it well-suited 
for industrial IoT and factory automation. 

RFID utilizes electromagnetic fields to identify and monitor 
tags. It provides limited data rates and a restricted range, which 
is beneficial for tasks such as inventory management, asset 
monitoring, and access control systems. 

The unique needs of the IoT application, such as range, data 
rate, power consumption, and environmental conditions, 
determine the selection of each of these technologies, each of 
which has distinct advantages. Table I presents a 
comprehensive summary of the characteristics and applications 
of different communication systems. 
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TABLE I. OVERVIEW OF FEATURES AND USE CASES OF THESE 

COMMUNICATION TECHNOLOGIES 

Technology Features Use Cases 

Wi-Fi 

High data transfer rates, 

wide range, easy integration 

with existing networks 

Home automation, smart 

appliances, 

environments with 

consistent power supply 

Bluetooth 
Short-range communication, 

low power consumption 

Personal devices, 

wearable technology, 

proximity-based 

applications 

Zigbee 
Low power consumption, 

secure mesh networking 

Smart home devices, 

industrial automation, 

sensor networks 

LoRaWAN 
Long-range communication, 

low power consumption 

Remote and outdoor 

applications 

NB-IoT 

Optimized for small data 

volumes, excellent coverage 

in challenging locations 

Utilities, smart meters, 

asset tracking 

Cellular 

(3G/4G/5G) 

Wide coverage, high data 

rates, support for mobility 

Mobile IoT applications, 

large-scale deployments 

Ethernet 

Reliable wired connections, 

high data transfer speeds, 

secure communication 

Industrial IoT, factory 

automation 

RFID 

Uses electromagnetic fields 

to identify and track tags, 

low data rates, short-range 

capabilities 

Inventory management, 

asset tracking, access 

control systems 

C. IoT in Industry 

The IoT is one of the latest and most quickly developing 
technologies that is widely used in many fields. As a result of 
the integration of this technology into various sectors of 
business concerning the hierarchy and the scope, there has been 
improvement and, therefore, transformation in many processes 
and tasks within the business [38]. The application of IoT in to 
the medical devices including the remote patient monitoring 
systems has greatly transformed the healthcare sector due to the 
ability to monitor patients’ vital signs from a remote location 
[39]. Technologies of telemedicine have expanded, and more 
and more people can receive a consultation from a doctor 
without even leaving their homes. Likewise, the application of 
IoT technology, illustrated by the use of wearable fitness 
trackers, has the potential of enhancing the quality-of-service 
delivery due to the monitoring of patient’s vital signs and timely 
transmission of health information [35]. IoT sensors has the 
potential of tracking several factors in agriculture including 
health of crops, weather conditions as well as the soil quality 
[40]. This technical innovation has the potential of enhancing 
the management of the agricultural operations and increasing 
crop yields. 

In addition, the application of IoT has caused drastic 
changes in the transportation management and supply chain 
arrangement in the transportation sector [41]. Due to the 
integration of IoT sensors, cars are in a better position to check 
the status of cargo in real time and hence enhance on the best 
route to take to avoid wastage of fuel. Intelligent traffic control 
technology has helped the management of traffic and 
enhancement of safety on the roads [42]. Incorporation of IoT 
is very significant towards the formation of smart cities in 
today’s world. Certain works have been done and these include 
various solutions such as waste management systems and smart 

energy grids in enhancing power distribution efficiency [26], 
[41], [42]. Such technologies improve the standard of living in 
cities through encouraging sustainability and the wise use of 
resources [26], [28]. 

Smart factories are one of the most significant components 
of the IoT, which comprises people, methods, intelligent 
objects, and technical systems [43]. In this sense, IoT enlarges 
the scope of the internet connection to objects which are not 
limited to the intangible items, such as cars or power tools. 
Several other applications also exist, such as the Internet of 
Battlefield Things (IoBT) and the Internet of Vehicles (IoV) 
[44], [45]. Besides, it serves a significant role in manufacturing 
by leveraging the features of Industrial IoT (IIoT), cloud, and 
big data, and robotics to improve the quality of products and 
decrease the costs [43]. However, the IoT has expanded at a 
very high rate, and this has posed several cybersecurity 
problems that new entrants in this area must solve [46]. 

D. IoT in Saudi Arabia 

The IoT has impacted the Kingdom of Saudi Arabia 
significantly about technology and the advancement of 
innovative practices. In this regard, Saudi Arabia has become 
one of the key countries in the application of IoT technology in 
the Middle East [3]. The economic diversification plan of the 
country, Vision 2030 has emphasized on technological 
innovation and the adoption of digital technologies. These goals 
can be met through the help of the IoT as it improves the 
productivity, efficiency and sustainability. 

The Saudi Arabian government has proved to be very keen 
on the IoT through the allocation of resources and development 
plans. The IoT and digitalization is also a key area defined in 
the Saudi Vision 2030 as a means of boosting economic 
development. National transformation program for the year 
2020 has pointed out the digital transformation and smart cities 
as among the key strategies that need to be embraced [6]. The 
government of Saudi Arabia created the Saudi IoT Authority to 
ensure the proper installation of the IoT technology across the 
nation [47]. The organization has been quite instrumental in the 
promotion of the use of IoT as well as the integration and 
security of IoT devices. 

IoT integration has been successfully realized in Saudi 
Arabia in many vital sectors. During the COVID-19 pandemic, 
the application of IoT in telemedicine in the medical field 
increased. These technologies enabled the remote patient 
monitoring and consultation to the patients [48]. Precision 
farming in agriculture improves crop yields and reduces the 
wastage of water through the help of IoT sensors for soil and 
irrigation management [49]. The implementation of IoT in the 
predictive maintenance of industries minimizes the downtime 
and increases the productivity [50]. 

The sector of start-ups in the kingdom of Saudi Arabia has 
experienced rapid growth and success, as the entrepreneurs 
took the opportunities available to them to create new products 
and services in the market and challenge the large companies 
[16]. Thus, the integration of the IoT technology, as well as any 
other technology, offers many opportunities but at the same 
time, it brings new challenges and threats as the environment is 
constantly changing [8]. Several security concerns encompass: 
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1) Data privacy: This creates a problem of data privacy 

since IoT devices are always capturing and sending data. 

Security breaches or unauthorized access may result in the 

exposure of certain information that is confidential. 

2) Device authentication: It is necessary to perform a 

device authentication process to ensure that only authorized 

devices are able to connect to the network. The threat actors can 

use poor authentication techniques and gain access into the IoT 

systems without the permission of the owners. 

• Data Integrity: Data integrity is a very important aspect 
that deals with the accuracy and consistency of the data 
as it passes through the different devices. Data 
manipulation could result in the deployment of wrong 
information in the most sensitive processes of decision 
making. 

• Network Security: IoT devices are connected over the 
wireless network and transmit data over a channel which 
is prone to threats such as eavesdropping if not properly 
protected. 

• Software Vulnerabilities: There are many IoT devices 
that rely on embedded software, which can sometimes 
not be updated regularly and are therefore at risk for 
basic known flaws and for malware. 

• Due to this, it is essential that these start-ups ensure that 
they protect the sensitive data, secure the connections 
and reduce the risks of cyber-attacks. These factors are 
critical for any long-term business success, and to 
sustain the confidence of the customers [9], [16]. Due to 
the complex nature of cybersecurity threats in the IoT, 
technologies such as blockchain technology is seen as a 
solution [36], [38]. The feature of decentralization and 
the immutability of its ledger technology is useful for 
the creation of trust, increased security and data 
integrity. By using the features that are inherent in 
blockchain, organizations can enhance the security of 
their IoT systems and be leaders in the development of 
secure and effective technical solutions [51]. 

Nonetheless, the works in [36], [38] show that because of 
the computational and storage nature of blockchain, it is not 
appropriate for the small and energy limited sensors in IoT. To 
implement blockchain in these scenarios, one can employ the 
following strategies: 

• Lightweight Blockchain Protocols: Redesigning 
blockchain protocols that are computationally and 
storage intensive to work on IoT devices can be 
beneficial to the use of blockchain in IoT. These 
protocols are aimed at increasing the efficiency of the 
utilization of resources preserving their security and 
decentralization.  

• Off-Chain Storage: Off-chain is a storage mechanism in 
which most of the data is stored off the blockchain with 
some data stored on the blockchain. This way, the data 
processing load on IoT devices can be effectively 
lowered. This technique relies on the use of the 

blockchain to guarantee the security and the integrity 
check with minimal use of the device’s resources. 

• Edge Computing Integration: Edge computing 
integration is the combination of blockchain technology 
with edge computing, which means data processing and 
blockchain activities are performed at the network’s 
edge near the IoT devices. This way the workload of 
computing is divided among several more capable fog 
devices and the latency is also reduced and the load on 
each sensor is minimised.  

3) Consensus mechanisms: To make the blockchain 

operations more suitable for the IoT applications one can use 

consensus mechanisms that do not demand more computational 

power for instance the Proof of Authority or the Delegated 

Proof of Stake. All of these are more efficient when it comes to 

the utilization of resources than the conventional proof of work 

(PoW). 

These strategies assist in the integration of Blockchain 
technology into IoT, primarily those that have many small and 
energy-efficient sensors; thus, improving the security and 
dependability of the system without impacting the functioning 
of the devices [51]. 

III. EXISTING RESEARCH 

The current body of study in the field of startups, namely 
those using the Internet of Things, is extensive and diverse [52], 
[53]. This section examines the significant influence of startups 
on economic development and innovation, as well as the 
intricate relationship between technical breakthroughs and 
entrepreneurial success. In this context, the following sections 
provide a systematic analysis of the critical areas of focus that 
influence the ecosystem of startups using IoT technology. The 
areas covered in this study encompass a comprehensive 
analysis of global startup ecosystems from a worldwide 
perspective. It identifies the various security risks that are 
linked with the use of IoT applications. It also examines the 
factors that affect the implementations and adaptations of IoT 
technologies in start-up firms. Also, it explores the strategic 
moves that Saudi Arabia has put in place to foster an 
environment that supports IoT startups. Finally, it assesses the 
current standards and frameworks put in place to protect the IoT 
security. All these components play a vital role in 
understanding the current state of knowledge and identifying 
the directions for the future studies. 

A. Global Perspective on Startup Ecosystems 

Worldwide, governments and politicians acknowledge the 
importance of entrepreneurs in advancing economic 
development. The Government of Canada recognizes 
entrepreneurs as a vital and dynamic force necessary for the 
country's growth [54], [55]. In a similar vein, the United 
Kingdom has seen a substantial increase in entrepreneurial 
activity, establishing itself as the foremost investment hub in 
Europe [56], [57]. The entrepreneurial sector in the United 
States significantly contributes to the nation's economic 
success, making it the biggest economy in the world [58], [59]. 
Developed countries emphasize creating a secure environment 
against cyber threats to support the development of startups and 
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entrepreneurship, highlighting the significance of cybersecurity 
in today's digital world [60]. 

B. Security Concerns in IoT-Enabled Startups 

Startups that implement IoT technology are at a high risk of 
cybersecurity threats since the effects of a cyber-attack are 
usually negative [19]. Security breaches, besides affecting the 
confidence of the customers and the image of the company, 
causes significant financial losses [18]. Due to the rise of IoT 
devices, they have become vulnerable to cyber threats and 
hence becomes a target of cyber criminals. This means that 
robust strategies have to be put in place to ensure that key data 
is secure while at the same time ensuring that the operations 
remain credible [61]. 

Here are some security threats that are particular to the 
startups that incorporate IoT solutions into their business. 

• Device Vulnerabilities: Most of the IoT devices are 
characterized by limited computational power and 
memory, and thus have inadequate security features. 
This makes them prone to several attacks such as 
firmware attacks, unauthorized access, and malware 
infection. 

• Insecure Communication Protocols: IoT devices are 
connected wirelessly and many of them use protocols 
with inherent weaknesses in terms of security. An 
attacker can employ encryption technologies that are 
either not strong or outdated to intercept and alter data 
in the course of transmission. 

• Default and Weak Credentials: Many a times, users fail 
to change the default username and passwords on many 
IoT devices. These credentials are default and can be 
easily used by the attackers in order to gain access to the 
devices. 

• Data Privacy: IoT devices generate and transmit 
information that is sensitive, for example, user’s data 
and their behavior. Lack of proper encryption and access 
control makes it very easy for the hackers to intercept 
and misuse the information. 

• Security Solutions Scalability: The major challenge for 
the startups is the scalability of their security solutions. 
Since there are more devices that are connected in the 
IoT, it becomes a difficult process to manage and 
regulate on the security aspect of each device. 

• Patch Management: IoT devices should be updated from 
time to time with the current security patches. However, 
most of the devices do not have a clear way of updating, 
and this exposes them to common threats. 

The continuous study is significant in overcoming the cyber 
security problems that are related to the utilization of IoT in 
startups. There are several flaws in IoT devices identified by the 
researchers and the consequences that may arise from the 
security threats are loss of data and damage to one’s reputation 
[62], [63]. Moreover, a large number of empirical studies have 
examined the factors that influence the uptake of IoT in various 
industries and countries, thus helping to understand the drivers 
and challenges of organizations [43]. 

We need a comprehensive strategy to address these 
problems. This strategy should include the adoption of more 
robust authentication mechanisms, the establishment of secure 
communication channels, the frequent upgrading of device 
firmware, and the education of users on the significance of 
changing default credentials. In addition, entrepreneurs should 
contemplate using sophisticated security frameworks, such as 
blockchain technology, to augment the overall security of their 
Internet of Things (IoT) ecosystems. By prioritizing these 
specific concerns, companies can improve the security of their 
IoT implementations and reduce the potential dangers of 
security breaches. 

In addition, cybersecurity is mainly concerned with 
protecting the network, systems, and data against threats such 
as DDoS attacks, malware attacks, and social engineering; 
however, the insecurity of the physical aspect of IoT devices is 
equally important. Some of the Physical security measures that 
can be employed are; implementing tamper proof hardware. In 
the same way, gadgets that can be easily tampered with as they 
are not openly changeable, present a significant threat to 
security. Therefore, IoT-based organizations need to establish a 
full-fledged security plan that incorporates cybersecurity 
alongside physical protection of devices for the entire IoT 
environment. 

C. Factor Influencing IoT-enabled Startup Ecosystem 

The success of companies that use IoT technology depends 
on effectively resolving critical elements in technical, political, 
social, and economic aspects [64], [65]. From a technological 
standpoint, having access to a robust telecommunications 
infrastructure and reasonable bandwidth is important for the 
smooth implementation of the IoT [8]. From a political 
standpoint, it is essential for the government to provide support 
for technical development and innovation in order to create a 
favorable environment for startups [18]. Societal factors, like 
the speed at which people use the Internet and their level of 
acceptance of technology, significantly influence the adoption 
and spread of IoT solutions [66]. In terms of economics, 
variables like average income levels, accessibility to 
technology, and general economic development influence the 
feasibility and scalability of IoT-enabled companies [67]. 

D. Saudi Arabia’s Endeavor in Fostering IoT-Enabled 

Startup Ecosystem 

Saudi Arabia has a strong desire to foster the IoT-enabled 
startup ecosystem, as seen by its significant investments and 
strategic efforts. To meet this expectation of internet usage 
standing at over 95% in the year 2025, much resources have 
been allocated to programs such as the e-Government and the 
Saudi Vision 2030 that seeks to foster business and invest in 
new business ventures [4], [6]. Saudi Arabia aims to establish 
itself as the center of entrepreneurship in the region by making 
strategic investments and providing assistance in several 
sectors, albeit starting later than other countries [14]. 

Nevertheless, despite its high readiness score, which 
exceeds that of many other countries, Saudi Arabia has had 
difficulty fully utilizing the potential of startups provided by the 
Internet of Things (IoT). Studies that are directed towards the 
computer security issues of startups that are employing IoT is 
rather limited. This is the reason why it is critical to pay 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 11, 2024 

48 | P a g e  

www.ijacsa.thesai.org 

attention and act in this area [4], [9]. Nevertheless, the review 
of literature on cybersecurity and technology use in the area 
reveals other important findings in the present study thus 
underlining the importance of the topic in Saudi Arabia today 
[4], [8]. 

E. Standards and Frameworks for IoT Security 

Several works have been done by international 
organizations and standards groups regarding the security 
standards and frameworks of IoT [68], [69]. These standards 
are important due to the need to have a uniformity, 
compatibility and safety of the IoT systems [70]. The 
International Telecommunication Union (ITU) [71], the 
International Organization for Standardization (ISO) [72], the 
International Electrotechnical Commission (IEC) [73], and the 
Institute of Electrical and Electronics Engineers (IEEE) [74] set 
significant standards. Organizations such as National Institute 
of Standards and Technology (NIST), the IoT Security 
Foundation, and European Union Agency for Cybersecurity 
(ENISA) have issued recommendations and best practices for 
protecting IoT systems [46], [75], [76]. 

These organizations have published several vital IoT 
standards such as  

• ITU is an organization that deals with the regulation of 
telecommunication standards. 

o ITU-T Y.2060 is one of its standards that 

provides detail on the structure of IoT and the 

key enablers for IoT. 

o The ITU-T Y. 4000-Y.4999 series 

encompasses a number of recommendations 

that are associated with the design, 

requirements, and challenges of the IoT. 

• ISO has prescribed ISO/IEC 27030 and ISO/IEC 30141 
which are associated with security strategies for IoT. 

o The ISO/IEC 27030 standard defines 

guidelines for Information Security Risk 

Management in IoT systems. 

o The ISO/IEC 30141 is a standard that defines 

the architecture of IoT to ensure that the 

different IoT systems are compatible and also 

secure. 

• The IEC is an organization that deals with the 
standardization of many industries. 

o Among the standards developed by the IEC, 

one of the most important is the IEC 62443 

standard that is mainly oriented towards 

industrial automation systems and can be 

applicable to the IoT systems as well. It 

contains guidelines on the security of 

network and systems. 

• IEEE has also come up with standards that include IEEE 
2413 and IEEE P1451 regarding the security of IoT. 

o The IEEE 2413 standard defines the IoT. 

This framework is based on the concepts 

such as interoperability, security, and privacy 

concerns. 

o The IEEE P1451 standard is mainly devoted 

to the smart transducer interfaces and these 

are vital for the IoT. This standard focuses on 

the aspects of interoperability and security. 

• The NIST has produced a document called NIST Special 
Publication 800-183. 

o This publication provides a comprehensive 

and extensive overview of security in the IoT. 

It encompasses various aspects of security 

including device security, data security and 

network security. 

o The NIST Cybersecurity Framework is not 

aimed at IoT but it provides a robust model 

for managing and, therefore, minimizing 

cybersecurity risks in IoT environments. 

• The IoT security foundation can thus be viewed as a 
reference for the implementation of security in IoT 
devices and services right from the development of the 
concepts to the final product. 

• ENISA gives an insight of the guidelines and 
recommendations that are required in the IoT security 
compliance. 

o The Baseline Security Recommendations for 

IoT are quite specific and focus on preserving 

data, device, and network security for IoT 

devices.  

o The ENISA Good Practices for IoT and 

Smart Infrastructures are guidelines that offer 

real-life recommendations on how to secure 

IoT deployments and minimize the 

associated threats. 

• Thus, by adhering to these guidelines and models, 
organizations can ensure that their IoT systems are 
secure, interoperable, and reliable, which in turn 
enhances the confidence and reliability in any IoT 
solution offered. 

In conclusion, the previous study finds important findings 
regarding the security issues and challenges related to the IoT 
applications in Saudi Arabian startups. Thus, organizations can 
implement effective security measures and guidelines to 
minimize the risks and ensure the data security and privacy of 
IoT devices by referring to the standard and frameworks 
developed by international organizations and standards 
development organizations [69]. Although there is already 
research available, there is still a lack of information about the 
distinct computer security concerns that entrepreneurs in Saudi 
Arabia have when implementing IoT solutions. It is critical to 
address this deficiency in order to provide a safe and prosperous 
environment for IoT-enabled companies throughout the 
country [16]. Table II presents a thorough summary of the 
current study and offers valuable insights derived from the 
difficulties, characteristics, and suggestions. 
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TABLE II. COMPREHENSIVE OVERVIEW OF THE EXISTING  RESEARCH 

Section Summary Challenges Attributes Recommendations 

Global Perspective on 

Startup Ecosystems 

Developed nations prioritize 

fostering a cyber-threat-free 

environment to enable startup 
growth and entrepreneurship [54], 

[55], [56], [57], [58], [59]. 

 Regulatory barriers 

 Cybersecurity concerns  

 Interoperability issues 

 Government support 

 Access to capital 

 Technological 

infrastructure 

 Establish clear regulatory 
frameworks 

 Enhance cybersecurity education 
and awareness 

 Foster collaboration between 

government and industry 

Security Concerns in 

IoT-enabled Startups 

Security breaches undermine 

consumer trust and lead to 

significant financial losses; robust 
security measures are necessary 

[18], [62], [63]. 

 Data breaches 

 Compromised IoT 
devices 

 Encryption techniques 

 Authentication 
protocols 

 Intrusion detection 
systems 

 Implement end-to-end encryption 

 Regularly update firmware and 
software 

 Conduct security audits and 
penetration testing 

Factors Influencing IoT-

enabled Startup 

Ecosystem 

Success factors include 
technological infrastructure, 

government support, societal 

acceptance, and economic 
conditions [18], [52], [66], [67]. 

 Technological limitations 

 Limited government 

support 

 Societal resistance to 

technology 

 Economic instability 

 Telecommunication 
infrastructure 

 Government initiatives 

 Societal attitudes 

towards technology 

 Economic growth 

 Invest in expanding technological 
infrastructure 

 Provide incentives for startups 

 Promote digital literacy programs 

 Foster economic diversification 

and stability 

Saudi Arabia's Endeavor 

in Fostering IoT-enabled 

Startup Ecosystem 

Saudi Arabia invests in initiatives 
like the e-Government program and 

Saudi Vision 2030 to foster 

entrepreneurship [3], [4], [6], [13], 
[14]. 

 Limited access to funding 

 Infrastructure gaps 

 Bureaucratic issues 

 Government 
investments 

 Strategic initiatives 

 Vision 2030 initiatives 

 Establish dedicated funding 

programs for startups 

 Improve infrastructure 

development 

 Streamline regulatory processes 

and reduce bureaucratic red tape 

Standards and 

Frameworks for IoT 
Security 

International organizations and 

standards bodies have developed 

standards and frameworks to ensure 
IoT system security [46], [71], [72], 

[73], [74], [75], [76], [77]. 

 Lack of standardized 
regulations 

 Complexity of 

compliance 

 ITU standards 

 ISO/IEC standards 

 IEEE standards 

 Implement standardized security 

protocols and guidelines 

 Simplify compliance procedures 

and provide support for 
implementation 

 Encourage participation in 

certification programs and 
compliance frameworks 

IV. IOT-DRIVEN COMPUTING CHALLENGES IN SAUDI 

ARABIAN START-UPS 

This section explores the computational challenges faced by 
startups in Saudi Arabia, namely those that hinder their ability 
to expand and innovate. Fig. 2 shows that most of the 
computing problems IoT-driven startups in Saudi Arabia face 
are caused by four main things: worries about cybersecurity [4], 
[9], a lack of skilled IT professionals [9], [16], problems with 
infrastructure [8], [16], and issues with following rules and 
regulations [3], [15]. 

Among all the problems, cybersecurity is the most 
significant and pressing issue because it has an immediate 
impact on the operations and sustainability of organizations that 
use IoT devices. Due to the fact that these organizations are in 
the digital environment, they are very vulnerable to cyber risks, 
which may affect the important information, services, and, 
consequently, consumer trust. This issue shows that there is a 
necessity of proper cybersecurity measures which might be 
difficult for startups since they have a small budget. 

Lack of Skilled IT 
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IoT-driven Start-ups failure

Cybersecurity 

Concerns

Infrastructure 

Limitations

Regulatory and 

Compliance Issues

 

Fig. 2. Computing challenges in Saudi Arabian IoT-driven start-ups. 
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A. Cybersecurity Concerns 

Startups in the Saudi Arabia are becoming more 
technology-oriented and apply digital technologies in their 
business processes which makes cybersecurity an important 
factor for them [4]. In view of the above, it is important that the 
valuable information and systems are protected as more cyber 
threats and attacks are being reported in the context of IoT-
based startup companies [9]. 

However, some of the Internet of Things (IoT) start-ups 
might lack the necessary funds and personnel to develop robust 
cybersecurity mechanisms [12]. Lack of funding and lack of 
skilled personnel in the IT department are other drawbacks in 
their IT systems [4], [16]. Moreover, the identified danger of 
the dynamic nature of cyber threats is a continuous challenge 
that requires the permanent monitoring and tuning of the 
security measures [8]. 

This makes it essential for IoT based start-ups to prioritize 
the spending on cybersecurity technologies and protocols in 
order to address cybersecurity issues. In collaboration with 
cybersecurity professionals and employing cloud-based 
security measures, organizations can enhance their defenses 
against cyber threats [4], [8]. Also, organizations can minimize 
risks by raising awareness on the importance of cybersecurity 
and conducting comprehensive trainings [4], [9]. This section 
discusses some of the most significant and diverse 
cybersecurity threats that are directed towards IoT applications. 

1) Security threats to IoT applications: Due to the 

increased integration of IoT devices, along with the big data 

they generate, the IoT faces a high level of security threats [76]. 

IoT devices often lack basic security features like secure boot 

and encryption and are vulnerable to exploitation through 

default configurations, weak passwords, and unencrypted 

communication channels [68]. These risks can lead to 

unauthorized access, data manipulation, or device compromise, 

which can be risky to privacy and organizational credibility. 

Thus, high-profile attacks like the Mirai botnet attack and the 

Stuxnet worm emphasize the importance of security in IoT 

systems [78], [79]. 
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Fig. 3. Different security threats to IoT applications. 

The IoT ecosystem consists of four layers: They are sensors 
and actuators, communication networks, middleware, and end-
to-end applications. Each layer has its own security challenges 
and gateways help in transferring data from one layer to 
another. The existence of the weaknesses at these levels makes 
it vulnerable to attacks and, therefore, a need to understand the 
security situation [63]. Fig. 3 highlights these vulnerabilities 
and underscores the importance of preventive security 
measures in securing IoT applications from potential attackers. 

a) Security Concerns about the Sensors and Actuators 

(Sensory) Layer 

Threats to the sensory layer, which consists of physical 
sensors and actuators, include node capture, side-channel 
attacks, and malicious code injections [63]. 

o Node capture: Attackers replace low-power nodes with 

malicious ones. Solution: Employing physical security 

measures to safeguard nodes and utilizing tamper-resistant 

hardware will effectively deter node capture. 

o Malicious Code Injections: Affect the potential of nodes. 

Solution: Secure boot and coded signing prevent the usage 

of unauthorized software on the devices. 

o Side-Channel Attacks: In this case, the program utilizes 

CPU microarchitectures to gain data without permission. 

Solution: It is possible to decrease the effect of these 

attacks by employing hardware encryption and shielding 

measures. 

o Eavesdropping and Interference: Target IoT systems in 

public areas. Solution: Employing encrypted 

communication channels and frequency-hopping methods 

may effectively safeguard against eavesdropping and 

interference. 

o Sleep Deprivation and Booting Attacks: Cause devices to 

become inoperable or compromised. Solution: Deploying 

robust firmware update mechanisms and using advanced 

anomaly detection systems may effectively detect and 

mitigate these types of attacks [2], [21], [23]. 

b) Security Concerns about the Communication Network 

(Network) Layer 

The network layer, which is responsible for delivering data, 
gets vulnerable to the phishing scams, unauthorized access, and 
denial of services (DoS) [63]. 

Phishing: mainly focuses on the IoT devices with the aim of 
collecting the login details. Resolution: It is possible to 
eliminate this risk by implementing and using multi-factor 
authentication (MFA) and training the users to recognize 
phishing schemes. 

• Access attacks: Their role is to infiltrate the networks 
and to obtain information from there. Solution: It is also 
recommended to prevent illegal access through 
improving the establishment of robust network access 
control (NAC) and implementing intrusion detection 
systems (IDS).  

• DDoS attacks: These are such as flooding the servers; 
an act that ends up disrupting the provision of relevant 
services. Solution: The attacks can be prevented by 
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using rate restriction, traffic analysis and services that 
prevent Distributed Denial of Service.  

• Data transit and routing attacks: Their objective is to 
challenge the authenticity of data and juncture involved. 
Solution: On data transmission, it is possible to ensure 
data security and prevent the information from being 
intercepted in the process by employing secure and well 
encrypted end to end and safe routing pathways. 

c) Security Concerns about the Middleware Layer 

The extra layer called the middleware is also a weak link 
due to the risk of man-in-the middle attack, SQL injection and 
cloud malware injection [63]. 

• Man-in-the-Middle Attacks: These are such as 
controlling the protocol like the MQTT through which 
unlawful communication is made. Solution: Mutual 
authentication along with TLS (Transport Layer 
Security) could possibly help prevent such attacks.  

• SQL injection: Combined with the factors above, it 
complicates and compromises the integrity of data. 
Resolution: Using parameterized queries or using input 
validation, one can meet the needs to counter SQL 
injection.  

• Cloud Malware Injection and Flooding Attacks: They 
are designed for cloud infrastructure. Solution: To 
counter such threats, it is recommended to work with 
cloud safeguards that cover API protection, the 
assessment of critical weaknesses more often, and 
implementation of cloud-native security solutions. 

d) Security Concerns about the End-To-End Application 

(Application) Layer 

The application layer, which is directly related to the end-
users, is concerned with problems like data theft, access control, 
and service interruption attacks [63].  

• Malicious code injection and sniffer attacks can further 
lead to threats to the system integrity. Resolution: 
Implementing application firewalls; code reviews on a 
regular basis; having secure coding practices may 
minimize these risks. 

• Reprogramming attacks: These have the propensity of 
causing hijacking of the network. Using such measures 
as implementing secure firmware upgrade and code 
signing will help to ensure that only trustworthy code is 
run on the devices. 

e) Security Concerns about Gateways 

While gateways are necessary to interconnect IoT devices, 
these devices are still susceptible to eavesdropping as well as 
man-in-the-middle attack during GW on-boarding [43], [61].  

o Man-in-the-Middle Attacks: Solution: To eliminate the 

possibility of a third-party intercepting said information, a 

means of mutual authentication, as well as encrypted 

pathways of communication needs to be established.  

o Eavesdropping resolution: It can be prevented by ensuring 

that the onboarding procedure that is invoked during the 

entire process is safe from the people who would want to 

snoop on the data transfer process and by making sure that 

the information exchanged has the highest level of 

encryption possible.  

o Updating firmware must be done securely. Solution: We 

can therefore exclude the so-called unwanted access into 

the firmware by embracing reliable update procedures and 

ensuring the firmware is validated prior to use. 

f) 4.1.1.6 Other Security Concerns 

IoT devices provide issues like insufficient authentication, 
encryption mechanisms, and physical security measures [80], 
[81]. Implementing standardized protocols, regularly updating 
software, and having solid APIs are essential for reducing these 
risks. It is essential to address privacy concerns, supply chain 
vulnerabilities, and legacy system integration challenges in 
order to provide complete security for the Internet of Things 
(IoT) [78]. 

To address these difficulties, researchers propose using 
robust authentication, encryption, regular firmware upgrades, 
security audits, and industry-wide standards to minimize the 
security risks associated with IoT [44], [48], [49]. 
Implementing such solutions is crucial for protecting IoT 
applications and guaranteeing their ability to withstand 
emerging threats. 

1) IoT Users’ Privacy Concerns, Scalability and 

Interoperability 

Currently, the risk of privacy compromise has been deemed 
very high, especially in areas such as the smart home since there 
is a growing prevalence of networked IoTs. This is the case 
because tracking user activity in such contexts could 
inadvertently disclose private data [82]. With IoT data storing 
parameters for individual customers the opportunity to use this 
chance to develop new products and individualized advertising 
has emerged the issues with data utilization and breaches that 
may lead to issues like identity theft. Various governments 
including the Saudi Arabia are trying to mitigate the challenges 
that relate to data governance and protection of data through 
organizations like the Saudi Data and Artificial Intelligence 
Authority (SDAIA) [83]. Thus, compliance with the rules of the 
protection of personal data prescribed by the international legal 
acts, including the General Data Protection Regulation created 
by the European Union [82], proves commitment to ethic data 
usage in IoT environments. 

In the same way, more and different IoT devices increase 
the management and scalability challenges [62]. This means 
that there is a need to fit in large volumes of data, which exerts 
storage and network resources pressures so that interoperability 
enhances efficient data exchange across platforms and devices. 
Integration is key in the formation of composite services most 
importantly in smart city initiatives whereby the collaboration 
of IoT devices enhance distribution of resources and 
management of the civil structures [84]. 

In response to concerns about scalability and 
interoperability, IoT platforms and middleware have become 
popular solutions. These solutions include various features, 
such as device management, data integration, and application 
development [68]. These technical interventions reduce 
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fragmentation and inefficiencies while maximizing the 
advantages of IoT technology. In order to guarantee the 
ongoing development and effectiveness of IoT ecosystems, it is 
important to prioritize privacy protections, scalability, and 
interoperability, as shown in Fig. 4. 

Privacy

ScalabilityInteroperability 

Enhancement pack 

IoT Platforms 

Sustainable growth and efficacy of 

IoT ecosystems  

Fig. 4. Ensuring a sustainable growth and efficacy in IoT ecosystems. 

B. Other Computing Challenges in Saudi Arabian Start-ups 

This section examines the computational difficulties 
encountered by start-ups in Saudi Arabia, emphasizing 
significant barriers impeding their expansion and ingenuity. 

1) Lack of skilled IT professionals: A significant challenge 

that start-ups in Saudi Arabia encounter is the limited 

availability of highly trained IT experts [9], [16]. Although 

there is a growing need for skilled professionals in fields like 

software development, data analytics, and cybersecurity, there 

is still a lack of competent workers to meet this need [4]. The 

country's education system may not adequately equip students 

with the skills and knowledge required for employment in IT-

related industries, resulting in a limited supply of local talent 

for start-ups to hire. Additionally, the favoritism towards 

engineering and business degrees in comparison to IT fields 

worsens this shortage [10]. 

In order to tackle this difficulty, it is necessary to implement 
efforts that aim to enhance IT education and training programs 
at academic institutions and vocational training centers [9], 
[16]. Due to the lack of adequate number of skilled IT staffs, 
students should be encouraged to pursue IT degrees and 
professionals should be motivated to enhance their skills in the 
development of technologies. 

2) Infrastructure limitations: Infrastructure restraints 

currently present a significant barrier to start-up firms in Saudi 

Arabia [16]. Although there have been improvements in the 

development of digital infrastructure, there are still gaps that 

remain, particularly in rural and disadvantaged regions [12]. 

Limited availability of dependable internet connections and 

power interruptions may disrupt corporate operations and 

hinder the use of digital technology. Also, the expense 

associated with building and sustaining infrastructure may be a 

hindrance for new businesses, particularly those with low 

financial means [8]. 

In order to overcome the limits of infrastructure, start-ups 
have the option to consider other solutions, such as using shared 
infrastructure services and forming partnerships with existing 
technology providers [13], [85]. It will prove useful to explore 
more efficient methods of obtaining the required IT solutions, 
such as cloud solutions and software-as-a-service (SaaS). 
Moreover, contributing to the government initiatives that aim at 
the improvement of the digital connectivity and the increase of 
the internet accessibility can also contribute to the formation of 
the more suitable environment for the start-ups [10]. 

3) Regulatory and compliance issues: Besides those 

common challenges, start-ups in Saudi Arabia face another 

challenge that is the tough regulatory and compliance 

requirements [3], [15]. With many start-ups emerging and 

constantly advancing technologies, legislation and law 

practices may be intricate with constantly varying 

differentiations and yet posing challenges of ensuring 

technology and data compliance. Thus, data privacy, 

intellectual property rights and some industry-specific rules add 

up to the complexity of the operational environment [16]. Also, 

there may be challenges incurred by start-ups due to 

bureaucratic procedures and legal issues which may hinder 

market entry and growth [14]. 

In considering how to overcome barriers and challenges to 
new start-ups, it will be necessary for start-ups to adopt 
regulatory compliance as a critical consideration and to 
formally include compliance as part of the business strategy. It 
may be helpful to involve a legal counsel and to follow the 
changes in legal regulation in order to minimize the risks and 
adhere to the laws. Moreover, backing regulatory adjustments, 
and also participating in the process of assisting governmental 
bodies in making procedures less burdensome can potentially 
contribute to improvement of the environment for start-ups 
[13]. 

In conclusion, the major challenges that start-ups in Saudi 
Arabia experience following computational issues includes: 
The absence of skilled IT personnel, limited infrastructure, and 
legal and regulatory issues. To tackle these difficulties, it is 
necessary for stakeholders from government, business, and 
academia to work together and create an environment that 
promotes innovation and growth [7], [10]. By surmounting 
these obstacles, start-ups may unleash their full capabilities and 
make a significant contribution to the country's economic 
diversification and digital transformation. 

V. THE ROLE OF VISION 2030 IN PROMOTING IOT 

This section analyses how Vision 2030 has helped in the 
incorporation of IoT to Saudi Arabia’s dream of a smarter 
future and diversification of economy. Vision 2030 was 
formulated by the Saudi Arabian government as a major social 
program aimed at diversifying its economy and developing it in 
various spheres [6]. The main goals of the organization are to 
improve the business climate, attract foreign investment, and 
foster innovation and entrepreneurship [6]. 

Saudi Arabia views the integration of IoT technology into 
Vision 2030 efforts as a crucial method for driving digital 
transformation, enhancing productivity, and fostering 
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innovation [3]. The main goals of Vision 2030 are shown in Fig. 
5. They include building smart cities, speeding up the digital 
transformation of society, businesses, and government, 
supporting innovation, encouraging industrialization, and 
giving digital health top priority [86], [87]. These projects use 
IoT technology, including sensors, actuators, and networked 
devices, to enable the digitalization of processes, the gathering 
of data, and the optimization of operations [83]. 
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Fig. 5. Achieving Saudi Vision 2030 via digital transformation. 

Furthermore, the government plays a significant role in 
assisting secure IoT-driven start-ups via many channels. Such 
resources consist of financial assistance, grants, access to 
spaces that incubate entrepreneurial ventures, accelerated 
programs for business, and hubs for innovation. The Badir 
Program for Technology Incubators and the KAUST 
Entrepreneurship Centre offer crucial support in the form of 
guidance, development, and connection-making to start-ups 
[7], [10], [54], [83]. Moreover, regulation authorities ease 
bureaucratic processes and establish conducive conditions for 
safe IoT-led start-ups through setting up of regulatory 
sandboxes and innovation zones. 

The government also makes provisions for expending funds 
on skills development programs to improve the competencies 
of businesspersons and other professionals operating in the IoT 
value chain. The National Industrial Development and 
Logistics Program (NIDLP) provides necessary skills 
development, training sessions, and capacity enhancement 
interventions [88]. The government develops a pool of human 
capital to have skilled IoT personnel who can promote 
innovative development [54]. 

Saudi Arabia is moving towards promoting its Vision 2030 
framework of bringing innovation and sustainable growth in 
business through supporting its programs in IoT technology and 
helping in the financial assistance in IoT based start-ups. It is 
therefore possible for Saudi Arabia to position itself as one of 
the foremost global leaders in IoT enablement and innovation 
through its smart investments, strategic changes in policies, and 
the promotion of partnership. 

Furthermore, Table III shows the comparison of proposed 
and existing research on IoT security in Saudi Arabia Start-ups. 

TABLE III. COMPARISON BETWEEN PROPOSED RESEARCH AND EXISTING 

STUDIES ON IOT SECURITY IN SAUDI ARABIAN START-UPS 

Aspect Proposed Research Existing Studies 

Target 

Examines IoT 
security challenges 

specifically in Saudi 

Arabian start-ups. 

Various studies 

cover IoT security 

across different 
sectors globally but 

may not focus 

specifically on Saudi 
start-ups  [18], [62], 

[63]. 

Objectives 

Identify cybersecurity 

risks, analyze the 

impact of IoT 
networking on 

privacy/security, and 

propose mitigation 
strategies. 

Existing research 
often identifies 

security risks, 

however, lack 
comprehensive 

frameworks for 

specific contexts like 
Saudi Arabia [3], 

[4], [6], [13], [14]. 

Methods 

Review of diverse 
publications and 

analysis of 

cybersecurity issues 
in the context of 

Saudi Vision 2030. 

Many studies utilize 
case studies or 

empirical data, 

potentially 
overlooking broader 

contextual analyses 

like national 
strategies [54], [55], 

[56], [57], [58], [59]. 

Importance Findings 

Highlights distinct 

cybersecurity 
obstacles faced by 

IoT-enabled 

businesses in Saudi 
Arabia; calls for 

funding, 

collaboration, and 

education. 

Most of studies 

mention general IoT 

security challenges 
but may not address 

specific funding or 

educational needs in 
emerging markets 

[46], [71], [72], [73]. 

Contextual Relevance 

Positions research 
within Saudi Arabia's 

economic goals and 

Vision 2030. 

Various existing 

studies focus on 

developed countries 
or global trends 

without considering 

local economic and 
cultural factors [74], 

[75], [76], [77]. 

Recommendations 

Advocates for a 

cooperative strategy 
involving 

policymakers, 

industry stakeholders, 
and entrepreneurs to 

enhance IoT security. 

Many studies 

recommend 
technical solutions 

or policy 

frameworks; 
however, they did 

not emphasize 

collaboration with 
local stakeholders 

[13], [14]. 

Contributions to the 

Field of Research 

Provides novel 

insights and a 

framework tailored to 
the unique challenges 

of Saudi Arabian 

start-ups in IoT. 

Most of existing 
research do not 

focus on the unique 

socio-economic 
landscape of Saudi 

Arabia, limiting 

their applicability 
[46], [71], [72], [73]. 
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VI. DISCUSSION ON FUTURE DIRECTION AND 

RECOMMENDATIONS 

This section provides a discussion on the paths that are to 
follow and gives recommendations on ways through which the 
Saudi Arabian government can foster the evolution of safer IoT 
devices led start-ups and promote creativity. These attempt to 
offer a strategic approach; however, it is high time to consider 
them in relation to the existing socio-economic conditions in 
Saudi Arabia and the peculiarities of the mentioned 
cybersecurity challenges. 

1) Establish innovation networks: Creating innovation 

networks may help stakeholders share resources, skills, and best 

practices, leading to increased creativity and the ability to 

overcome difficulties [88]. These networks should highlight 

cybersecurity best practices to ensure that IoT start-ups place a 

high value on security right from the beginning. 

2) Encourage open innovation: The open models help 

start-ups access resource, technologies and market 

opportunities and in turn existing enterprises can avail benefits 

of external innovation and entrepreneurial skills [89]. Some 

measures to empower open innovation may involve 

establishing safe IoT spaces and information sharing systems 

that enhance the knowledge of potential cybersecurity threats 

and the ways to combat them. 

3) Support technology transfer: The government should 

endorse technology transfer efforts and collaborations to 

expedite the commercialization of research and innovation [54]. 

It is important to focus on sharing information and technologies 

that improve the security of the Internet of Things (IoT) such as 

blockchain technology. This will assist in avoiding new 

innovations from negating the authenticity of the data or the 

confidentiality of the user. 

Cultivate a Culture of Innovation and Entrepreneurship: 
The implementation of the culture of innovation and 
entrepreneurship plays a key role in establishing secured IoT 
based Start-ups and Innovations in Saudi Arabia [85]. The 
following are the primary recommendations: 

• Promoting a new organizational culture where people 
would embrace the principles of entrepreneurship in 
tackling cybersecurity issues.  

• Supporting and encouraging start-up incubation and 
acceleration initiatives that focus on enhancing safe IoT 
innovation. 

• Celebrating achievements in entrepreneurship, 
including specific accomplishments that can potentially 
convey success in protecting IoT applications. 

• State-sponsored honors, competitions, and meetings can 
inform about successes of prospering start-ups and 
businesses to inspire a new generation of innovators and 
actors of change [18]. 

4) Leverage international partnerships: Consequently, it’s 

wiser for Saudi Arabian IoT-drive start-ups to capitalize on 

foreign partnerships since this will afford them the international 

markets and foreign experience along with the advanced 

technologies that are vital for their growth [13]. Some 

recommendations are as follows: 

• Remain committed to the search for international 
cooperation and funding sources to strengthen 
protection of IoT networks with the participation of 
specialized organizations. 

• Works with other universities and industries that have 
well-strategized cybersecurity system mechanisms 
across the globe for technology update and knowledge 
sharing. 

• Providing help in the access to international markets, 
distribution channels, and business networks while 
meeting international cybersecurity standards for start-
up companies. 

5) Specific socio-economic considerations: To make these 

suggestions realistic and effective in the Saudi context, the 

following should be considered given the country’s socio-

economic values:  

• Economic Diversification: ensuring that the 
development of IoT start-ups in Saudi Arabia aligns 
with the aims of economic diversification outlined in 
Vision 2030, with a specific emphasis on supporting 
non-oil industries. 

• Education and Training: More resources need to be 
directed to education and training that can help in 
improving cybersecurity and create workforce that can 
handle IoT security threats. 

• Regulatory Environment: Creation and enforcement of 
laws that foster IoT security, thus ensuring that the start-
ups follow the regional and international standards of 
cybersecurity. 

Thus, Saudi Arabia can contribute to the development of an 
active environment in the IoT industry by considering socio-
economic factors and specific cybersecurity challenges, as well 
as cooperation, innovation, and entrepreneurship [10]. This 
strategy will ensure that the economy grows and becomes 
prosperous as required by Vision 2030 while at the same time 
ensuring that the security of IoT systems is not compromised in 
any way. 

VII. CONCLUSION 

This paper has reviewed the literature on the adoption of IoT 
technology in start-up companies in Saudi Arabia with a focus 
on the cybersecurity challenges. The research highlights the 
critical cybersecurity risks associated with IoT adoption in 
Saudi Arabian startups, particularly in the context of data 
privacy and network security vulnerabilities. The study 
emphasizes the necessity for startups to implement advanced 
security measures despite limited resources and proposes 
strategic solutions, such as cloud-based security, collaboration 
with cybersecurity experts, and enhanced cybersecurity 
education. This research fills a notable gap by addressing the 
unique cybersecurity needs of startups in emerging markets, 
advancing the understanding of IoT security in the 
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entrepreneurial landscape. Moreover, the government is to seek 
solutions to social issues and promoting corporate growth 
through IoT investment, these start-ups face significant 
cybersecurity challenges. This is due to the fact that the threats 
are constantly evolving, and the resources available in such 
efforts are scarce. 

For this reason, start-ups need to allocate their resources to 
cybersecurity technology and procedures to address these 
issues. Another way of improving the organizations’ 
cybersecurity is through engaging the services of cybersecurity 
professionals, and the use of cloud technologies. In the same 
manner increasing the awareness of the public regarding the 
proper measures to take to improve cybersecurity and 
increasing the frequency of educational campaigns is also an 
effective way in increasing the level of cybersecurity 
preparedness. 

Therefore, there is the need to do more work and engage in 
more research to discover new strategies in the protection of 
IoT in Saudi Arabian start-ups. It is important to address the 
cybersecurity issues to harness the full potential of IoT, boost 
the economy, foster innovation, and position Saudi Arabia as a 
leader in the IoT technology sector. 

The IoT industry decision makers, stakeholders and 
investors in Saudi Arabia should ensure that proper cyber 
security measures are put in place and resources to be directed 
towards development of secured IoT ecosystem. Saudi Arabian 
start-ups could navigate their way through the cybersecurity 
environment and succeed in the era of digital and 
interconnected world by collaborating and investing more. 

Future Research and Implementation: 

• Lightweight Blockchain Protocols and Edge Computing 
Solutions: It is recommended that further studies focus 
on the enhancement of blockchain protocol that has low 
power consumption and is suitable for the IoT devices’ 
edge computing. 

• Standardized Cybersecurity Frameworks: From the 
findings of the present study, it can be suggested that 
there is a need for the formulation of suitable 
cybersecurity models that can be applied to the context 
of the startups and at the same time ensure that all the 
IoT systems are compliant. 

• Synergy among academia, industry, and government: 
This implies that new challenges must be taken and safer 
IoT technologies and environments have to be created. 

• Educational Initiatives: Awareness and education of 
entrepreneurs and IT specialists in the context of the 
creation of secure IoT systems can be considered as one 
of the most significant activities directed towards the 
development of the IoT security sphere. 

Implementing these measures can help Saudi Arabia create 
a competitive environment in the IoT industry and promote 
cooperation, innovation, and business growth. This strategy 
will foster economic growth and prosperity in line with Vision 
2030 while at the same time focusing on the security of IoT 
devices. Through close cooperation with all stakeholders, the 

country can become a global leader in safe and innovative IoT 
solutions. 
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