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[bookmark: _Toc234464419]ABSTRACT
Background: In today's modern world, one of the most impactful technologies that has revolutionized manufacturing industries is Artificial Intelligence (AI). AI-assisted industrial production systems help organizations optimize processes, improve product quality, reduce production costs, increase operational efficiency, and gain a competitive edge. The implementation of Artificial Intelligence (AI) has gained momentum in Saudi Arabia, driven by the goal of digital transformation and intelligent manufacturing within the framework of Saudi Vision 2030.Saudi Vision 2030, which focuses on digital transformation and intelligent manufacturing, has seen an increase in the adoption of Artificial Intelligence (AI) in Saudi Arabia.
Aim: The objective of this study was to examine how Artificial Intelligence affects production efficiency, operation performance, product quality and reduction of production costs in the industrial sector of the Kingdom of Saudi Arabia (KSA).
Methodology: This study was conducted with quantitative research methods and cross-sectional survey design. The data were gathered using a structured questionnaire sent to the managers, engineers, supervisors and technical staff of industrial firms in Saudi Arabia. A simple random sampling procedure was used, and 150 questionnaires were used for statistical analysis. The data obtained were analyzed using descriptive statistics, Cronbach's Alpha, Pearson correlation analysis, multiple regression and analysis of variance (ANOVA).
Results: The results indicated that industrial companies in Saudi Arabia are highly adopting AI. The statistically significant positive effects of Artificial Intelligence on the production efficiency, operational performance, product quality and reduction in production costs were exhibited. The dependent variables had the highest mean score for the operational performance. Based on the regression analysis results, it was found that Artificial Intelligence accounted for about 70.9% of the variance in production improvement, thus showing that AI has a significant contribution in the manufacturing performance.
Conclusion: The study has found that Artificial Intelligence has emerged as a strategic organizational competence, significantly improving manufacturing performance. AI plays a role in intelligent manufacturing, operational excellence, sustainable competitiveness, and industrial digital transformation. The results support the Resource Based View (RBV), Industry 4.0 Theory and Digital Transformation Theory.
Keywords: AI, Production Improvement, Production Efficiency, Operational Performance, Product Quality, Production Cost Reduction, Industry 4.0, Smart Manufacturing, Saudi Arabia.
[bookmark: _Toc234464420]الملخص
الخلفية : يُعد الذكاء الاصطناعي من أهم التقنيات الحديثة التي أحدثت تحولًا جذريًا في قطاع التصنيع والإنتاج الصناعي، حيث أسهم في تحسين كفاءة العمليات التشغيلية، وتعزيز جودة المنتجات، وخفض تكاليف الإنتاج، ودعم اتخاذ القرار، وزيادة القدرة التنافسية للمؤسسات الصناعية. وفي إطار رؤية المملكة العربية السعودية 2030، شهد القطاع الصناعي توسعًا ملحوظًا في تبني تقنيات الذكاء الاصطناعي والتحول الرقمي، إلا أن الدراسات التطبيقية التي تناولت أثر الذكاء الاصطناعي على تحسين الإنتاج في الشركات الصناعية السعودية ما زالت محدودة.
هدف الدراسة : هدفت الدراسة إلى التعرف على دور الذكاء الاصطناعي في تحسين الإنتاج في الشركات الصناعية بالمملكة العربية السعودية، من خلال دراسة تأثيره على كفاءة الإنتاج، والأداء التشغيلي، وجودة المنتج، وخفض تكاليف الإنتاج.
المنهجية : اعتمدت الدراسة المنهج الكمي باستخدام تصميم الدراسة المقطعية (Cross-sectional Survey)، وتم جمع البيانات بواسطة استبانة وُزعت على المديرين والمهندسين والمشرفين والفنيين العاملين في الشركات الصناعية السعودية. وتم استخدام أسلوب العينة العشوائية البسيطة، حيث بلغ عدد الاستبانات الصالحة للتحليل 150 استبانة. وقد تم تحليل البيانات باستخدام برنامج SPSS الإصدار 29 من خلال الإحصاءات الوصفية، ومعامل كرونباخ ألفا، وتحليل الارتباط لبيرسون، والانحدار الخطي المتعدد، وتحليل التباين.
النتائج
أظهرت النتائج ارتفاع مستوى تبني تقنيات الذكاء الاصطناعي داخل الشركات الصناعية السعودية، كما أثبتت النتائج وجود تأثير إيجابي ودال إحصائيًا للذكاء الاصطناعي على كفاءة الإنتاج، والأداء التشغيلي، وجودة المنتج، وخفض تكاليف الإنتاج. وقد حقق الأداء التشغيلي أعلى متوسط حسابي بين أبعاد تحسين الإنتاج، كما أوضح تحليل الانحدار أن الذكاء الاصطناعي يفسر نحو 70.9% من التباين في تحسين الإنتاج.
الاستنتاج
خلصت الدراسة إلى أن الذكاء الاصطناعي يمثل موردًا استراتيجيًا يسهم في تحسين الأداء الصناعي، وتعزيز التصنيع الذكي، ودعم القدرة التنافسية للمؤسسات الصناعية، وتحقيق أهداف التحول الرقمي ورؤية المملكة العربية السعودية 2030. كما دعمت نتائج الدراسة نظرية الموارد (RBV)، ونظرية الصناعة الرابعة (Industry 4.0)، ونظرية التحول الرقمي.
الكلمات المفتاحية
الذكاء الاصطناعي، تحسين الإنتاج، كفاءة الإنتاج، الأداء التشغيلي، جودة المنتج، خفض تكاليف الإنتاج، الصناعة الرابعة، التصنيع الذكي، المملكة العربية السعودية.
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CHAPTER ONE
[bookmark: _Toc234464423]INTRODUCTION
Artificial Intelligence (AI) is one of the most transformative technologies impacting industries and manufacturing systems today. With a high rate of technological development and increasing competition in the global market, the demand for higher productivity has boosted industrial organizations to apply intelligent technologies and enhance operational efficiency, quality of products and decision making. AI is a powerful technology that can help manufacturing companies automate complex processes, analyze vast amounts of data, forecast equipment failures, streamline production scheduling, and lower operating expenses, among other benefits.

The industrial sector has seen remarkable digital transformation in Saudi Arabia, aligning with the country's Saudi Vision 2030, which focuses on technological innovation, smart manufacturing, and sustainable economic diversification. In recent years, AI technology has gained significant traction in the manufacturing sector, particularly among industrial companies looking to transform their production processes, optimize manufacturing, and enhance their competitiveness in the domestic and global markets. Despite the widespread use of AI technologies, however, there is still a lack of empirical evidence on the role AI plays in production improvement in Saudi industrial companies.

This chapter introduces the research by providing background information, research problem, research objectives, research questions and research hypotheses. It also defines the meaning and limitation of the study, clarifies some operational definitions of the key terms of the study, introduces the conceptual framework and culminates with the organization of the thesis, which serves as a basis for the following chapters.
[bookmark: _Toc234464424]Study background 
Artificial intelligence (AI) is an important technology that impacts on all modern industrial production systems. Recent developments in machine learning, robotics, and data analytics have enabled manufacturing companies to boost productivity, optimize processes, and empower their workforce with better decision-making abilities. Another advantage of AI is the ability to handle huge volumes of data and automate complex tasks, making industrial operations more efficient and cost-effective (Jordan & Mitchell, 2015).  
The Fourth Industrial Revolution (Industry 4.0) caused the speed of convergence of technologies such as AI, Cyber-Physical Systems and the Internet of Things (IoT) in manufacturing operations to accelerate considerably. In Industry 4.0, the machines can communicate with each other, track and control their own manufacturing processes to boost productivity and efficiency (Lu, 2017; Schwab, 2016).  
AI can be used in manufacturing in a variety of ways, such as predictive maintenance, automated quality control, intelligent supply chain management, and production scheduling. AI predictive maintenance systems have been developed to increase machine reliability and decrease machine downtime by predictive analysing machine data to detect potential machine failures (Lee et al., 2015).
Further advancements in quality assurance processes in the manufacturing sector can be attributed to Artificial Intelligence (AI) technological advancements. Systems using AI with computer vision can detect flaws and defects in the structure of a product and help increase the overall structure and quality of a product and reduce the waste from a damaged product (Kusiak, 2018).  
Furthermore, AI technologies are proving to be useful in the industrial sector for enhancing the productivity and operation of industrial enterprises. This is done by eliminating repetitive and tedious tasks. Further, AI aids in the operational decision-making process that is reliant on data and driven by data. The adoption of AI technologies, in the industrial sector, is the most effective way of improving productivity, through optimizing the allocation of resources in the production process (Brynjolfsson et al., 2019; Acemoglu & Restrepo, 2020).
AI technologies can be used in the manufacturing industry to develop smart factories. Smart factories enable real-time regulation, real-time management of production processes, automation and predictive analytics thanks to the latest technologies. Smart factories are one of the most important aspects of Industry 4.0 and they play a key role in improving competitiveness and efficiency in manufacturing (Wang et al., 2016; Zhong et al., 2017).  
Though The AI technologies have the potential to impact industrial production positively, a majority of the organizations dealing with production and manufacturing processes do not successfully integrate the AI systems due to several challenges. Technological complexity, lack of capacity caused by organizational issues and difficulties in integrating AI technologies with existing systems in production (Frank et al., 2019).
Artificial intelligence (AI) is regarded by Saudi Arabia as a key enabler for the country's economic diversification and technological innovation. Artificial intelligence (AI) technology is essential to digital transformation in all sectors. The industrial sector is a key component of Saudi Arabia's economic development plan, and the adoption of AI technologies is essential for enhancing industrial productivity and competitiveness. 
What's more important, however, is that the incorporation of AI into industrial companies is essential in boosting manufacturing and operational efficiency, thereby improving the industrial development and overall economic growth. 
[bookmark: _Toc234464425]Problem Statement 
Today, Artificial Intelligence (AI) is one of the most impactful innovations of all times that is transforming industries around the globe. From improving production efficiency to automating manufacturing, from optimizing resources to ensuring product quality, to supporting intelligent decision-making, manufacturing enterprises are increasingly implementing AI technologies. Industrial companies have turned traditional industrial production processes into intelligent production processes through advanced applications of AI, such as machine learning, deep learning, computer vision, predictive analytics, intelligent robotics, and digital twins, that allow them to adapt quickly to changes in the production process and market needs. For this reason, AI is an essential element in Industry 4.0 and smart manufacturing projects focused on increasing the competitiveness of industrial production and attaining environmentally sustainable production (Javaid et al, 2022; Bag et al, 2021).
The increasing significance of Artificial Intelligence (AI) has been a catalyst for governments and industrial associations across the globe to allocate significant resources towards developing technologies for intelligent manufacturing. The Organisation for Economic Co-operation and Development (OECD) states that AI is among the biggest contributors to productivity gains, innovation and competitiveness in the digital economy. Similarly, the World Economic Forum highlights how AI is revolutionizing manufacturing, with the potential to create autonomous production systems, predictive maintenance, intelligent quality control, and real-time operational optimization. All these developments have greatly enhanced manufacturing productivity and lowered operational costs and production downtime in most industrialized nations.
In the Kingdom of Saudi Arabia, the concept of Industrial transformation is a national priority as part of Saudi Vision 2030, a Saudi Arabian plan aimed at diversifying the economy, bolstering non-oil industries, enhancing manufacturing competitiveness, and promoting digitalization. The Saudi government has set forth several initiatives to promote the use of advanced digital technologies, such as Artificial Intelligence, automation, and smart manufacturing systems, in the industrial sector. The Saudi Data and AI Authority (SDA) and the Ministry of Industry and Mineral Resources (MoI) are continuing to advance the adoption of AI via national strategies, innovation programs and industrial modernization initiatives. This has prompted several Saudi industrial companies to start adopting AI technologies in production planning, predictive maintenance, quality assurance, logistics management and monitoring operations.
All these advancements have not been translated into consistent implementation of Artificial Intelligence in industrial companies in Saudi Arabia. Some have made tremendous progress with the implementation of AI, but many are still facing significant challenges that make it hard to fully leverage intelligent technologies. Some of these obstacles involve the lack of digital infrastructure, high cost of implementation, lack of AI specialists, lack of employee skill, cyber security issues, resistance to technological change, and integration with the current manufacturing systems (Dwivedi et al., 2021; Frank et al., 2019). Therefore, the impact of AI on industrial production enhancement has been found to be significantly different among different entities, leading to a lack of confidence in the real effectiveness of AI in the Saudi industrial landscape.
In addition, the current body of academic research reveals some significant research gaps. Many of the empirical studies on Artificial Intelligence in manufacturing that have been carried out so far have been conducted in technologically advanced economies like the USA, Germany, China, Japan, and South Korea. All of these studies offer insights into how AI is being used in various contexts, but the results are not directly transferable to a developing economy, as there are significant differences in technological readiness, industrial infrastructure, governmental policies, workforce skills and organizational maturity. Thus, empirical studies on AI use in emerging industrial economies, such as Saudi Arabia, are needed to examine the adoption of AI in the context of rapidly growing industrial digital transformation.
One drawback that has been recognized from earlier research is the type of evaluation of AI. A large number of researchers have focused on the study of individual applications of AI such as predictive maintenance, robotics, intelligent quality management, or supply chain optimization, but none has studied the impact of AI on industrial production as it is a multidimensional entity. Operating performance is one way to measure industrial production performance, but industrial production performance has multiple aspects such as production efficiency, operating performance, product quality and production cost reduction, and these aspects are related to each other. A holistic view of AI's impact on manufacturing performance can be gained by analyzing these dimensions together.
Furthermore, previous research has focused mainly on technological aspects of the implementation of AI and paid relatively less attention to organizational perspectives. There is relatively little research on the perceptions of managers, engineers, supervisors, and technical employees who are directly involved in the manufacturing processes with AI technologies. Their practical experience in AI use makes their views integral to assessing the true impact of AI deployment, to uncover barriers to adoption, and to gauge the benefits to business from intelligent manufacturing systems. Without such considerations, the results of previous research studies are not easily applicable to industry practice and are of limited value to industrial decision makers.
Furthermore, although the use of AI technologies has been growing in Saudi industries, empirical evidence on the relationship between the implementation of the AI technologies and the improvement in production is still limited. The evidence available is limited in explaining the contribution of AI to increase the operational efficiency, operational performance, product quality, and production costs reduction of industrial companies in Saudi Arabia. The uncertainty of this lack of empirical evidence presents challenges for managers and policymakers about the organizational outcomes of AI investments and the strategic priorities needed for successful AI implementation.
Therefore, the current study aims to fill these gaps in research by examining the use of AI to enhance production in Saudi Arabia's industrial companies. In particular, the research focuses on the effect which the introduction of Artificial Intelligence has on four key aspects of industrial production, namely: production efficiency, operational performance, product quality and reduction of production costs. The study will gather empirical data from managers, engineers, supervisors, and technical personnel from industrial companies in Saudi Arabia to achieve a complete and clear picture of how AI has been implemented in industrial production in practice and to provide evidence-based recommendations that can contribute to industrial organizations to achieve the maximum benefits of AI.
Finally, this study will have implications both theoretically and practically. It contributes to the current literature on the fields of Artificial Intelligence, Industry 4.0 and smart manufacturing in the context of emerging economies. From a practical perspective, it offers empirical evidence that could support industrial managers and policymakers in making strategic planning, investment decisions in technology, workforce development, and future digital transformation decisions to improve the competitiveness and sustainability of Saudi industrial organizations. 
[bookmark: _Toc234464426]Research Objectives 
The main objective of this research study is to concentrate on the role of AI in improving the efficiency of industrial production. 
The study also aims at accomplishing the following objectives: 
1. Know how Artificial Intelligence (AI) technologies impact the production efficiency in industries. 
2. Analyze the impact of AI on the performance of industrial companies. 
3. Identify the challenges of AI technologies to manufacturing companies. 
Suggest ways to improve the use of artificial intelligence in industrial production systems.
[bookmark: _Toc234464427]Research Questions
The purpose of this research is to answer the following questions:
How does automation contribute to production efficiency in industry? 
2. How does automation affect the workability of industrial companies? 
3. What are the challenges to industrial organizations to implement automation? 
4) What are the ways to enhance the use of automation in manufacturing industries?
[bookmark: _Toc234464428] Research Hypotheses
This research follows the theoretical basis of Artificial Intelligence, Industry 4.0, Resource-Base View (RBV), and previous empirical studies which all agree that Artificial Intelligence has a positive impact on enhancing the productive process of industries. Existing research has found that AI technologies enhance manufacturing performance by predictive maintenance, intelligent automation, production planning optimization, quality inspection, and operational decision making (Frank et al., 2019; Bag et al., 2021; Javaid et al., 2022). As such, the following hypotheses have been formulated for testing.
[bookmark: _Toc234464429]Main Hypothesis
H1 : There is a statistically significant positive relationship between AI and the improvement of production in industrial firms in Saudi Arabia.
In order to explore this overall hypothesis in more detail four sub-hypotheses were formulated corresponding to the four major dimensions of the production improvement.
H1a: The effect of Artificial Intelligence on production efficiency in Saudi industrial firms is seen as statistically significant positive effect.
H1b: Artificial Intelligence contributes positively to the operational performance of Saudi industrial companies with a statistically significant result.
H1c: Artificial Intelligence positively affects product quality in Saudi industrial firms, statistically.
H1d: The effect of Artificial intelligence on the reduction of production cost in Saudi industrial companies is statistically significant and positive.
The proposed hypotheses will be statistically analyzed using correlation analysis and multiple regression analysis with the Statistical Package for Social Sciences (SPSS). Based on the empirical results, one may conclude whether Artificial Intelligence plays a significant role in improving the industrial production or not, and which dimension of production has a greater influence than the other.
[bookmark: _Toc234464430] Significance of the Study
Artificial Intelligence is now one of the most powerful technologies assisting the transformation of industry and sustainable economic growth globally. With the increasing use of intelligent technologies in manufacturing to increase operational productivity and competitiveness, there is a growing demand for empirical research to investigate the real impact of AI on industrial production. This study is of academic importance because of its implications, practical, managerial, policy, economic and social contributions. In addition, the study contributes to Saudi Arabia's national strategy for digital transformation and industrial development in Saudi Vision 2030.
[bookmark: _Toc234464431]Academic Significance
Academically speaking, this research will add to the growing body of work in the field of Artificial Intelligence (AI), Industry 4.0, and intelligent manufacturing systems. In spite of the many research initiatives that have been taken by academia in the past decade, most of the empirical studies to date have been conducted in developed countries, mainly in the USA, Germany, China, Japan, and South Korea. In comparison, less empirical research has focused on the application of AI technologies in industrial organizations in developing economies of the Middle East and Saudi Arabia. Therefore, this study helps to fill this geographical research gap by giving empirical evidence from industrial companies in Saudi Arabia.
Furthermore, most of the previous research has focused on single applications of AI like predictive maintenance, industrial robotics, quality inspection, or supply chain optimization. These studies offer significant insights into the application of certain technologies, but they don't fully capture the broader impact of AI on production. In the present study, this limitation is overcome by considering four key aspects of the industrial production, namely production efficiency, operational performance, product quality and reduction in production costs simultaneously. An analysis of these dimensions in a single integrated conceptual model gives a broader picture of how AI can be applied in a manufacturing environment (Frank et al., 2019; Dwivedi et al., 2021).
The work is also valuable to the theoretical literature, as it incorporates concepts from the Fourth Industrial Revolution (Industry 4.0), the Resource Based View (RBV) and Digital Transformation Theory. The following theories offer a full account of the process by which intelligent technologies can become strategic resources for the organization that enhance the performance of manufacturing operations and achieve a sustainable competitive advantage. Therefore, the results of this study are likely to be an input to future academic research on intelligent manufacturing and digital transformation in the new industrial economies.
[bookmark: _Toc234464432]Practical Significance
The relevance of this research is that it can be used to give useful guidance for manufacturing companies that want to enhance their production through the use of Artificial Intelligence technologies. Businesses are still spending large investment on AI implementation, but most companies still aren't sure of the real operational gains they can expect. The empirical analysis of the relationship between AI adoption and production improvement offers valuable insights that can help industrial companies assess their technological investments and determine their priority areas for implementing AI.
In addition, the results will assist the industrial organizations in determining which industrial production dimensions gain more benefits from AI. This information allows the organization to better allocate financial resources and make appropriate decisions on technological investments, to better plan their operations, and to create plans for implementation so that they can optimize the performance of the organization while avoiding added costs.
In addition, practical recommendations for workforce development, technological readiness and organizational capability for successful implementation of AI are offered. These suggestions could help industrial companies overcome implementation hurdles and enhance the success of their digital transformation efforts.
[bookmark: _Toc234464433]Managerial Significance
Managers are central to the success or failure of the implementation of AI in industrial companies. To make informed technology investments, workforce development, process reengineering and organizational transformation decisions, empirical evidence about the outcomes of AI adoption is needed and required to be reliable. This study thus gives the managers practical proof of the role of Artificial Intelligence in enhancing production efficiency, operational performance, product quality and reduction of production cost.
The research also provides insights for managers to help them make informed decisions about implementing AI successfully in their organizations. The results can be used by managers to develop digital transformation plans, optimize production scheduling, streamline maintenance and support, reengineer processes, and increase the competitiveness of the organization. Moreover, it could help managers enhance organizational acceptance of intelligent technologies and minimize resistance to technological change by understanding the perceptions of the employees who are tasked with implementing the technology.
[bookmark: _Toc234464434]Policy Significance
This study is not only relevant for industrial organizations, but also for governmental institutions involved in economic development, industrial modernization and digital transformation. Artificial Intelligence has been identified by the Kingdom of Saudi Arabia as one of the strategic technologies to support the Kingdom's economic diversification in line with Saudi Vision 2030. The government is supporting the use of AI in its national strategies to enhance the competitiveness of industries, increase manufacturing productivity, and foster innovation.
The empirical results from this study can help policymakers assess the impact of existing digital transformation programmes and consider further policy interventions needed to ensure faster adoption of AI in industry. The study could also contribute to the establishment of national training programs, technological infrastructures, research collaborations and innovation ecosystems that support intelligent manufacturing across the Kingdom.
Moreover, the recommendations provided by this study can be used by governmental institutions in charge of industrial development to prepare new industrial policies for the promotion of productivity and competitiveness and also support sustainable industrial development.
[bookmark: _Toc234464435]Economic Significance
The manufacturing industry is one of the most significant contributors to sustainable economic development since it is a source of employment, export, innovation and diversified sources of national income. The productivity enhancement of manufacturing has direct implication for enhancing national economic growth and competitiveness of manufacturing.
Artificial Intelligence technologies offer manufacturing companies a chance to cut down production expenses, enhance operational efficiency, shed waste, optimize resources, and boost production capacity. Such enhancements will reinforce organizational profitability and boost national industrial competitiveness in the global markets. Thus, the results of the present study help in comprehending the potential of AI technologies to support in the long-term economic development, by enhancing the manufacturing performance and thus, increasing the industrial sustainability.
Moreover, the successful application of AI in these sectors can help boost investments in Saudi industrial sectors by attracting local and international investors to join in with technologically advanced industries.
[bookmark: _Toc234464436]	Social Significance
AI is not just reshaping the way industries work but is also influencing how they train their employees and learn. The implementation of AI is not only changing the way industries operate but also how they train their employees and how they learn. As AI technologies become more prevalent, there is a growing need for highly skilled workers who can manage AI-driven manufacturing systems, analyze production data, and participate in digital transformation efforts. Therefore, it is important to emphasize an ongoing training for employees, technological education and professional development in industrial organizations as stressed in this study.
Furthermore, AI-driven manufacturing is helping to enhance the safety of the workplace by minimizing employee exposure to hazardous manufacturing processes and repetitive tasks. Intelligent automation allows workers to focus on more value-added tasks that demand creativity, innovation and strategy instead of routine, operational work. This makes successful implementation of AI a key part of boosting employee satisfaction, improving organisational learning and building workforce sustainability for the longer term.
This study's most significant aspects are its direct alignment with Saudi Vision 2030, which focuses on the digitization, industrial modernization, technological innovation, and economic diversification. The Vision aims to make Saudi Arabia a world-class and leading country in the field of advanced manufacturing and intelligent technologies through the adoption of Artificial Intelligence (AI) and Industry 4.0 applications.
The study aimed to find out the contribution of Artificial Intelligence to the industrial production process in the actual world and therefore it gave empirical evidence for the national efforts to modernize the industrial production process and to increase the industrial productivity. The results can thus help industrial companies, decision makers, investments and educational institutions to formulate coordinated strategies for supporting the Saudi Arabia's transition to a knowledge-driven industrial economy that can be competitive in global markets.
The value of this study reveals that it can serve the academic community, industry practice, managerial decisions, governmental policy, the economic development, workforce improvement, and the implementation of Saudi Vision 2030. These multiple contributions again underscore the importance of exploring the role of Artificial Intelligence in enhancing production in Saudi Industrial companies and make sound arguments to support the current research.
[bookmark: _Toc234464437]Scope of the Study
Defining the scope of the research study is very important as it sets the limits for the research. A clearly defined scope assists the reader in understanding what the study is about, what population is being studied, the geographical area being studied, the time period being studied and the variables being included in the study. It also helps to keep the research objective attainable and enables the researcher to conduct a thorough study of the phenomenon of interest (Creswell & Creswell, 2023). For this reason, the following dimensions are considered in the present study.
[bookmark: _Toc234464438]Subject Scope
The present study aims to study the impact of Artificial Intelligence (AI) on the production of the industrial enterprises. In particular, the study examines the influence of Artificial Intelligence as the independent variable on the four dimensions of industrial production which together make up production improvement.
Artificial Intelligence Adoption is the independent variable of the research, as it is the process of implementing and using AI technologies in industrial production systems. AI adoption involves using intelligent algorithms, machine learning, computer vision, intelligent automation, predictive analytics, and data-driven decision-making to assist in manufacturing processes.
Production Improvement is represented by the four dimensions; the dependent variable.
•	Production Efficiency 
•	Operational Performance 
•	Product Quality 
•	Production Cost Reduction 
The chosen dimensions have been chosen due to their frequent appearance in the literature of industry 4.0 and smart manufacturing (Frank et al., 2019; Javaid et al., 2022). Together they offer a full picture of the contribution of Artificial Intelligence to the enhancement of industrial production.
[bookmark: _Toc234464439]	Geographical Scope
This study is conducted on a geographical basis of industrial companies established in the Kingdom of Saudi Arabia. Saudi Arabia is an appropriate context, as the industrial sector is the major sector that helps in national economic diversification under Saudi Vision 2030. Moreover, Saudi industries are more and more dedicated to Artificial Intelligence, automation, robotics, and digital transformation programs to boost productivity in manufacturing and improve their competitive standing in the global market.
By focusing the research on Saudi Arabia, the researcher can study the implementation of AI in an emerging industrial economy in the midst of rapid technological changes. As a result, the results offer industry-specific insights into the use of AI in the manufacturing sector and help to inform national industrial development initiatives.
[bookmark: _Toc234464440]Population Scope
The study's population consists of managers, engineers, supervisors, and technical staff in the industrial sector in Saudi Arabia. Employees have been chosen who are directly involved in the manufacturing process and have a practical understanding of the production systems, operational processes, maintenance activities, quality management, and implementation of Artificial Intelligence.
Technological decision-makers (managers) offer strategic insights on technology investments and organizational change, while engineers and technical staff offer practical experience with AI implementation in manufacturing contexts. Supervisors provide important insights into production planning, workflow, and daily production results. Together, they provide the most suitable group of respondents to assess the impact of Artificial Intelligence in industrial production in practice.
[bookmark: _Toc234464441]	Time Scope
The present study has conducted an empirical study during the academic year 2026. During this period, data were gathered using a structured questionnaire that was applied to the employees in the industrial companies in Saudi Arabia.
This study uses a cross-sectional research design, which means that the data are collected one time at a specific time, rather than at several times over the course of the study. The results only capture respondents' perceptions of the use of Artificial Intelligence over the past three years and are not intended to gauge shifts in organizational performance over time.
[bookmark: _Toc234464442]	Methodological Scope
In terms of methodologically, the study uses quantitative research approach because in the quantitative research method, the appropriate method to analyze the relationship between variables is statistical analysis. A structured questionnaire with a 5-point Likert scale (Strongly Disagree — Strongly Agree) is used to collect data.
The data collected will be analyzed with the Statistical Package for the Social Sciences (SPSS). To analyze the proposed research hypotheses, statistical techniques are used such as descriptive statistics, reliability analysis with Cronbach's Alpha, Pearson correlation analysis and multiple regression analysis.
Since the quantitative approach allows for objective measurement of employees' perceptions and allows for hypothesis testing and statistical generalization to the target population (Hair et al., 2022), it is deemed suitable.
[bookmark: _Toc234464443]	Limitations of the Study
The present study, like all empirical studies, is limited by a number of factors which must be considered when interpreting the findings. An awareness of these constraints increases the clarity of the study and researchers know where to proceed in future studies.
A restriction that might be pointed out is the geographic scope of the study. The study is carried out only in the industrial companies in Saudi Arabia. Therefore, the results may be affected by the unique organizational, technological, economic, and cultural factors in Saudi Arabia. Thus, it is important to be careful when making inferences about other industrial organizations in other countries with different institutional settings.
The second limitation is associated with the research design. The study design for this study is a cross-sectional survey design, which is a survey research design that gathers data at one time. This method is common in management and industrial research, but it is not possible to observe changes in the implementation of Artificial Intelligence or production performance over time. Longitudinal studies could thus offer further insights into long-term impact of AI adoption.
Another constraint is the reliance on self-reported data from questionnaires. The study is based on perception of the respondents about the implementation of AI and the improvement of production, instead of objective indicators of organizational performance. Although confidentiality procedures encourage honest responses, some degree of response bias cannot be completely eliminated.
Moreover, the study only considers production improvement in four aspects: production efficiency, operational performance, product quality and production cost reduction. Other organizational outcomes such as innovation capability, supply chain resilience, environmental sustainability, employee creativity, customer satisfaction and financial performance are not in the scope of the present investigation and may be investigated in future studies.
Lastly, the study does not discuss AI technologies individually but rather looks at the AI as a technology capability. Research in the future could explore the specific roles machine learning, deep learning, intelligent robotics, digital twins, autonomous systems, and computer vision can play in industrial production performance.
These restrictions do not decrease the value of the study. Instead, they outline its scope and limitations and suggest opportunities for further research to broaden and deepen the knowledge of the implementation of AI in the industrial manufacturing industry.
Operational Definitions
In quantitative research, operational definitions are crucial because they provide clarity on the meaning of the variables studied and how each variable will be measured in the context of the research. Conceptual definition is a description of the theoretical interpretation of a construct while operational definition is a description of how the construct will be interpreted and measured in the present study. Clear operational definitions increase the validity of research and make it easier to measure; also, future researchers will be able to replicate the study (Creswell & Creswell, 2023). Thus, the following operational definitions were used in this research.
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Artificial Intelligence is one of the most talked about concepts in Computer Science, Information Systems and Industrial Engineering. In the last decades, many researchers came up with various proposals to define AI, for various purposes and research fields.
Artificial Intelligence is the ability of a computer system to learn, reason, plan, perceive, understand language, and make decisions, which are typically tasks of human intelligence (Russell and Norvig, 2021). Their definition highlights that they are intelligent agents which act rationally in complex environments.
In the same way, the founder of the term Artificial Intelligence, John McCarthy, stated that AI is the science and engineering of "making intelligent machines". While this classical view is still relevant, today's AI goes beyond rule-based architectures to encompass adaptive learning algorithms, which refine their capabilities over time.
According to Dwivedi et al. (2021), Artificial Intelligence refers to a set of technologies that involve machine learning (ML), deep learning (DL), natural language processing (NLP), computer vision, and intelligent automation, which allow organizations to interpret massive amounts of information, make intelligent decisions and automate complex business tasks. This definition goes beyond AI being a tech innovation to highlight its role as an organizational capability.
Similarly, according to Javaid et al. (2022), Artificial Intelligence is a technological system that facilitates the manufacturing organizations to optimize the manufacturing processes through intelligent automation, prediction, optimization, and autonomous operational decision making. They are concerned only with the use of AI in industrial settings.
While each of these definitions puts a slight emphasis on a different aspect of the definition, all agree that Artificial Intelligence allows computers to emulate the cognitive capabilities that humans once performed and constantly enhance their function based on learning and experience.
Operational Definition
In this study, Artificial Intelligence is used in relation to the extent of use and implementation of intelligent technologies (such as machine learning, intelligent automation, predictive analytics, computer vision, and data-driven decision making) in industrial production processes in order to enhance them. It is assessed by employees' sentiment on the introduction and application of AI tools in their companies.
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Production improvement is a multidimensional term that means continually improving manufacturing systems to make them more efficient, better, cheaper, and more productive.
According to Slack et al. (2022), production improvement refers to the systematic improvement of the manufacturing activities by optimizing the usage of resources, continuous improvement of the manufacturing process, and achieving operational excellence.
Production improvement, according to Heizer, Render, and Munson (2023), is considered within the context of organizational efforts to improve manufacturing effectiveness while at the same time minimizing production waste, delays, and production costs.
Production improvement in Industry 4.0 environment is primarily through intelligent technologies that can optimize manufacturing operations, enhance decision quality and increase production flexibility (Javaid et al., 2022).
The above definitions suggest that production improvement is a more holistic organizational achievement, not just an operational measure.
	Operational Definition
The term "Production Improvement" in this study is used to denote the overall improvement in the manufacturing performance due to implementation of Artificial Intelligence. It is depicted in four dimensions:
•	Production Efficiency 
•	Operational Performance 
•	Product Quality 
•	Production Cost Reduction 
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Among all the measures of manufacturing performance, production efficiency is one of the most significant as it indicates the degree of efficiency of the organization to produce as much output as possible using as little resources as possible.
Production efficiency refers to the ability of a manufacturing system to produce maximum output with minimum amounts of labor, materials, energy and production time, as described by Heizer et al. (2023).
Production efficiency is defined as the efficiency of using organizational resources to obtain the desired production target without wasting operations, according to Slack et al (2022).
According to the researchers Javaid et al. (2022) AI enhances the efficiency of production by optimizing production scheduling, minimize production downtime, optimize equipment utilization, and facilitates intelligent production planning.



Operational Definition
Production Efficiency measured in this study is the perception of the employees on how AI technology increases the productivity of the manufacturing, utilization of equipment, production schedule and overall production output.
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Operational performance is the efficiency of the manufacturing process in meeting the business goals.
As described by Slack et al. (2022), the operational performance is defined as an organization's ability to carry out the manufacturing activities efficiently and at a high quality, flexibility, speed, reliability, and cost.
According to Frank et al. (2019), operational performance is a measure of the overall effectiveness of the production systems in order to meet the organizational goals through efficient workflow, resource management and intelligent operational control.
Operational Definition
Operational performance in this study is the effectiveness perception of manufacturing performance when implementing Artificial Intelligence, including production planning, monitoring of manufacturing operations, decision making, coordination of workflow, and manufacturing productivity.
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The quality of a product has been one of the most important metrics of manufacture excellence.
David A. Garvin (1987) has defined product quality as the degree to which a product meets customer requirements and meets the technical requirements.
According to Kusiak (2018), the use of Artificial Intelligence (AI) can enhance the quality of products by facilitating intelligent quality inspection, automated detection of defects and ongoing monitoring of the process.
Operational Definition
In the context of the present study, product quality is defined as the employee's perception of the degree to which Artificial Intelligence enhances the accuracy of the manufacturing process, defect identification, quality control process, and adherence to the organization's quality standards.
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Production cost reduction denotes the reduction of production costs without reducing the production performance.
Reducing costs is taking steps to lower operational costs by using the production in an efficient way, by eliminating waste, by making continuous process improvements, according to Heizer et al. (2023).
According to Javaid et al. (2022), Artificial Intelligence helps in lowering production cost by predictive maintenance, intelligent scheduling, resource optimization and less downtime of operations.
Operational Definition
In the context of this study, production cost reduction is the degree to which Artificial Intelligence can help to cut down on the maintenance cost, the loss from production, downtime of equipment, waste of resources, and boost the profitability of the organization.
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Industrial firms are companies involved in manufacturing processes that convert raw materials into finished goods (goods that are intended for sale) in an organized manner.
Industrial companies include those in the food processing, chemicals, petrochemicals, metals, machinery, electronics, and other industries that produce goods. (According to the United Nations Industrial Development Organization)
Operational Definition
The subject of this research is the industrial companies located in the Kingdom of Saudi Arabia and those companies are defined as manufacturing industries, and the research population is the managers, engineers, supervisors and technical employees of these companies. These organizations are, or are currently implementing, AI technologies to aid in their industrial production activities.
Chapter summary 
The current research has been built up on the concept of Artificial Intelligence and its increasing significance in revolutionizing industrial production systems, which was introduced at the beginning of this chapter. The chapter provided the background of the study, and highlighted the growing use of Artificial Intelligence technologies in manufacturing companies, highlighting the importance of the industrial transformation of Saudi Arabia under the Saudi Vision 2030. It also highlighted the research problem by showing the lack of empirical evidence in the literature about the role of Artificial Intelligence in enhancing production in the industrial companies in Saudi Arabia and thus justifying the necessity of this study.
In addition, the research questions, objectives, and hypotheses used in the study were presented, and the academic, practical, managerial and policy relevance of the study was fully explained. The scope and limitations of the study were clearly defined to fix the boundaries of the study and the operational definitions were used to explain the meaning of the principal variables studied. Furthermore, the conceptual framework showed the proposed relationships between Artificial Intelligence and the four dimensions of the production improvement such as production efficiency, operational performance, product quality, and reducing production costs. Finally, the organization of the thesis was outlined and the purpose for each chapter explained.
In general, the whole study was developed on the theoretical and conceptual basis of Chapter One. It provided a clear context of the research, provided some justification for the need to study Artificial Intelligence in Saudi industrial firms, and presented the conceptual model that was followed in the empirical study. On this basis, the next chapter reviews the literature in a comprehensive manner, including the literature of Artificial Intelligence, Industry 4.0, intelligent manufacturing systems, production improvement, and previous empirical studies. It also formulates the theoretical framework that underlies the research, and defines the research gap that is resolved by the present research.
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[bookmark: _Toc234464452]LITERATURE REVIEW
Artificial Intelligence (AI) has become one of the most game-changing technologies of the 21st century that is reshaping how industrial organizations design, manage and optimise their production processes. Manufacturing companies have been able to transcend the conventional manufacturing process and transition to the intelligent manufacturing method with the rapid development of AI technologies such as machine learning, deep learning, computer vision, natural language processing, robotics and predictive analytics, which rely on data and intelligence. In the era of growing competition and changing customer expectations, the use of AI is becoming more common in industrial organizations to boost the operational efficiency, product quality, reduction of production cost and sustainable competitive advantage (Dwivedi et al., 2021; Javaid et al., 2022).
Artificial Intelligence is on the rise in manufacturing industries in the era of Industry 4.0. Industry 4.0 is the fourth industrial revolution, where digital technologies, cyber-physical systems, Internet of Things (IoT), cloud computing, big data analytics and Artificial Intelligence (AI) are being introduced into manufacturing processes. These technologies allow industrial companies to set up production systems that enables the real-time communication, decision autonomy, predictive maintenance, intelligent quality control and continuous optimization of the operational system (Frank et al., 2019). Therefore, Artificial Intelligence has transformed from a technological support tool to a strategic organizational ability that has a great impact on manufacturing performance and organizational competitiveness.
AI has become a vital tool for production automation and is also vital to strategic decision-making, an element that is gaining increasing awareness among industrial organizations around the world. Manufacturing systems equipped with artificial intelligence continuously gather and analyse production information, detect inefficiencies, anticipate equipment breakdowns, plan production schedules and enhance supply chain coordination. These functions allow companies to optimise productivity without wasting resources, time and effort in production and maintenance. Thus, AI has emerged as an important factor in the smart manufacturing and digital industrialization (Bag et al., 2021).
In the Kingdom of Saudi Arabia, the significance of Artificial Intelligence (AI) has increased significantly since the introduction of Saudi Vision 2030, which focuses on economic diversification, industrial modernization, digital transformation, and technological innovation. Promoting the industrial sector's competitiveness and sustainable economic growth, advanced manufacturing technologies, intelligent automation, robotics, and the applications of Artificial Intelligence in industrial processes have been encouraged with the help of government programs. In Saudi Arabia, the use of AI technologies has become increasingly common in the production process to boost production efficiency, optimize production processes, improve product quality and lower the production costs. Despite all these developments, empirical studies that focus on evaluating the actual performance of AI applications with regard to production improvement in Saudi industrial companies are still limited, which makes this study significant due to the gap it fills in the research field.
The study of Artificial Intelligence (AI) has received extensive attention in previous studies, both from technological, organizational, and operational angles. The applications of AI in predictive maintenance, intelligent manufacturing systems, production scheduling, quality management, supply chain optimization, autonomous robotics, and industrial automation have been explored. Many studies have found AI implementation and organizational performance to have positive correlations. But most studies examined only specific AI technologies or specific aspects of manufacturing performance rather than Artificial Intelligence as an organizational capability that can affect various aspects of production improvement simultaneously. Moreover, most of the empirical data are from developed economies and the literature on Saudi industrial organizations is comparatively low.
To fill this, the current study focuses on four integrated dimensions which include production efficiency, operational performance, product quality and production cost reduction using Artificial Intelligence. The study examines these dimensions simultaneously to capture the overall picture of the role of Artificial Intelligence in the Saudi industrial sector in improving manufacturing performance. Furthermore, the theoretical framework of the study is based on the Resource-Based View (RBV), the industry 4.0 Theory, and Digital Transformation Theory, which explain how Artificial Intelligence can improve organizational performance.
The theoretical and empirical background of the study is given in this chapter. It starts with an overview of the concept, features, development and uses of Artificial Intelligence. The chapter then explores how Artificial Intelligence relates to Industrial Production and introduces Industry 4.0, intelligent manufacturing systems, and applications of Artificial Intelligence in manufacturing. Later, the chapter discusses the aspects of production improvement, such as production efficiency, operational performance, product quality and production cost reduction. Afterwards, theoretical perspectives that underlie the study are introduced, followed by a detailed review of existing empirical studies, identification of gaps in previous studies, and formulation of a conceptual framework that underlies the current study.
Overall, this chapter sets the theoretical foundation for comprehending the role of Artificial Intelligence in the industrial production. It reflects the existing academic knowledge, critically appraises the previous empirical studies, pinpoints the research gaps and gives the conceptual basis of the research hypotheses and empirical analysis stated in the next chapters.
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In today’s world, one of the biggest technological facilitators of change in the modern industrial production system is Artificial Intelligence (AI). With the use of AI, the Modern Industry has the potential to increase productivity, automate processes, and improve the company's operational decision-making. AI has the potential to revolutionize manufacturing by providing the ability to automate advanced decision-making and operational processes. Moreover, AI possesses advanced computational algorithms that can parse and analyze considerable amounts of manufacturing data and use the data to identify patterns in order to optimize operational processes (Jordan and Mitchell, 2015).
Production firms use sensors, machines, and production tracking systems to monitor systems and generate data. AI has the capability to parse and analyze data in real time and offer treatment options to management to allow for the optimization of production, the reduction of operational inefficiencies, and the improvement of the entire system. With AI Analytics, manufacturing firms can reduce their need for operational decision-making (Dwivedi et al). This means the ability of the firm to conduct operational predictive analytics increases. With AI, manufacturing firms can conduct operational decision-making with predictive analytics (Dwivedi et al).
One of the major movements in the Industrial Manufacturing Process with the use of AI was to eliminate the need for human involvement in processes, or to delegate the human involvement to a lesser role. With the use of AI, machines can be used to perform the monotonous processes that were previously conducted by a human and do so with greater speed, efficiency and accuracy (Davenport and Ronanki, 2018).
Workforce productivity within the manufacturing sector can also be complemented by the utilization of artificial intelligence. The introduction of AI technologies means employees can relinquish mundane tasks and concentrate on higher-order tasks that include strategic thinking, innovation, and process-improvement activities. Such changes in the roles of employees not only lead to the increased productivity of an employee but also improved performance of the organization as a whole (Acemoglu & Restrepo, 2020).
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The continuous advancement of artificial intelligence technologies has been parallel with the development of the Fourth Industrial Revolution, otherwise known as Industry 4.0. This refers to a new era of industrial production that combines digital technologies of artificial intelligence, the Internet of Things (IoT), big data, and robotics with traditional cyber-physical systems in manufacturing (Schwab, 2016).
The Fourth Industrial Revolution (Industry 4.0) fosters a new culture of smart manufacturing whereby machines, sensors, and digital systems communicate with one another in real time to increase production efficiency. Smart systems give manufacturing companies the ability to conduct continuous production monitoring, identify process breakdowns, and perform automatic adjustments to the process (Lu, 2017).
One of the most crucial parts of Industry 4.0 is cyber-physical systems. These systems combine the use of physical manufacturing machinery with a digital control system that allows for the monitoring and control of the processes in real time. Among the most critical components of these systems is the use of artificial intelligence (AI), which helps control processes in a production facility and allows machines to adapt and make decisions autonomously with respect to variable production factors (Lee et al., 2015).
The combination of artificial intelligence with 4th Industry technologies fosters the emergence of smart factories. These are manufacturing systems with a high level of automation, where intelligent systems and technologies are used to refine and enhance production processes. Smart factories are able to better use their resources (Wang et al., 2016).
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AI technologies are vital for the development of manufacturing systems. They have a wide range of applications, which have a considerable effect on productivity, quality, and efficiency of operations.
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AI-assisted predictive maintenance is a vital application of artificial intelligence in production. AI predictive maintenance systems are able to assess the performance of machinery in order to predict its failure. These systems are capable of recognizing the warning signs of a malfunction, and as a result, the downstream system undertakes maintenance operations in the order of priority (Lee et al., 2015).
Predictive maintenance systems are capable of decreasing machine downtime, increasing the reliability of equipment, and decreasing the costs associated with maintenance. This allows manufacturing companies to improve operational performance and increase production.
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Another area where artificial intelligence has made huge improvements is the quality control process in the manufacturing sector. Traditionally, quality control relied on either manual inspection of quality control or automated systems that were prone to faults or defects. Now, many manufacturers use AI and computer vision to eliminate defects in the production process. Using machine learning and computer vision, manufacturers can examine and analyze images of parts and detect defects that the human eye would miss (Kusiak, 2018). With the advent of intelligent quality control systems, manufacturers can improve quality, reduce waste, and improve the quality of the customer's experience.
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The application of artificial intelligence in production planning and production process optimization is particularly important based on the application of sophisticated analytical methods on the various available data sets related to production activities, resource utilization, and demand forecasting.
The optimization algorithms based on AI technology have enabled production companies to identify the optimal ways of developing production schedules, the optimal ways of resource utilization, and the optimal ways of minimizing the operational inefficiencies. It has been proven that the implementation of all of the above strongly positively affects the results of productive activities in the field of manufacturing and leads to the minimization of expenses related to production (Frank et al., 2019).
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As for the manufacturing industry, artificial intelligence (AI) has made significant contributions to the advancement of supply chain management. AI provides tools that help in the analysis of supply chain data to anticipate demand fluctuations, evaluate and optimize inventory, and improve the logistics.
AI tools strengthen the supply chain management in the event of disruptions to production. The latest digital technologies improve the analysis of supply chain risk and empower companies to identify and mitigate risks in the supply chain before they materialize. (Ivanov et al., 2019).
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Artificial Intelligence improves the productivity of industries by enhancing the efficiency of operations and automating the production of goods. AI technologies in organizations improve the employment of resources, the reduction of waste in the production processes, and the quality of the operational decision-making.
The positive effects of AI adoption on productivity have been demonstrated. AI technologies empower organizations to analyze and improve the production processes and automate the performance of complex tasks (Brynjolfsson et al., 2019). Analytics for AI technologies provide organizations with the ability to improve strategic decision making and the operational efficiency of the organization.
Additionally, artificial intelligence technologies enhance productivity in the workforce through human-machine partnerships in the industrial arena. Such partnerships enable organizations to use the advantages of human intelligence and machine learning (Rai et al., 2019).  
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Intelligent manufacturing systems are considered among the highly developed offerings of actually utilizing AI technologies in the industrial production sector. Intelligent manufacturing systems combine AI, robotics, digital technologies, and analytics to create smart manufacturing systems that can function independently.  
Intelligent manufacturing systems provide the ability to collect, review, and analyze operational data of all systems within an industrial firm and automatically modify the parameters of all manufacturing systems. Such systems can provide improved operational efficiency and enhanced flexibility for the firm. Improved efficiency and flexibility can be obtained in shorter time frames. These systems can also provide the ability of the firm to quickly adapt to the frequent changes in market demand and the changes in production systems resulting from the technological advancements. This ability provides improved operational efficiency and enhanced flexibility in the shorter time frames.  
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Although the application of artificial intelligence technologies provides multiple benefits, manufacturing firms encounter various limitations and barriers within AI systems. A fundamental obstacle is the amount of money that needs to be spent to be able to utilize the technology of artificial intelligence. The accompanying costs of sophisticated digital technology, cutting-edge computer systems, and the training of workers must be accounted for in order to incorporate various AI systems.
The second obstacle is the lack of available personnel who have the needed training in artificial intelligence and data analytics. Manufacturing companies have a hard time finding workers with the skills needed to develop and operate AI-based production systems (Bag et al., 2021).
Integrating AI-based production systems and already existing production systems is the final obstacle discussed. The degree of organizational restructuring and the transformation of production processes that are needed to enable the smooth integration of AI systems is often overlooked.
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This study's theoretical foundation is the combination of several theoretical viewpoints pertaining to technological innovation and the digital transformation of manufacturing industries.
A significant part of the foundation deals with the Fourth Industrial Revolution theory, which describes the impacts of AI, robotics, and cyber-physical systems on industrial production systems (Schwab, 2016). It describes how advanced digital technologies are synergistically applied to an organization that can create intelligent production systems that improve productivity and efficiency. A further vital theoretical viewpoint is smart manufacturing, which integrates conceptualizes the use of AI, digital technology, and automation into manufacturing processes. Manufacturing processes are further refined, and better operational decisions are made, thanks to the use of sophisticated technologies (Kusiak, 2018). 
Moreover, digital transformation theory underscores the significance of a digital technology in an organization’s various processes and business models. The use of artificial intelligence technology empowers an organization with the capability to process big data, thereby providing information that is useful in strategic planning, and improving operational level (Dwivedi et al, 2021). 
From these theoretical viewpoints, the use of artificial intelligence technology in an organization provides ample space to evaluate its impact in enhancing the efficiency of production processes and performance of operational processes.
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Although a number of research works have analyzed the impact of AI technologies in manufacturing, there are still research gaps.
To begin with, the majority of existing research works are oriented towards the developed economies of the USA, Germany and China. Very few research works have studied the impact of AI technology on industrial productivity in the developing economies, 
Also, a number of researchers have focused more on the technological side of the adoption of artificial intelligence rather than the operational efficiency of industrial production.
Third, while a number of works have considered Industry 4.0 technologies within manufacturing industries, scant empirical studies have particularly focused on the impact of artificial intelligence technologies on efficiency of production processes within industrial firms in Saudi Arabia. 
Consequently, this study attempts to fill these gaps by investigating the impact of artificial intelligence technologies on efficiency of industrial production processes in Saudi industrial firms. 
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In accordance with the theoretical framework alongside earlier studies, a number of hypotheses have been constructed in reference to the influence of artificial intelligence technologies on industrial production efficiency. 
manufacturing firms streamline and improve production workflows which, in turn, lead to enhanced efficiency and productivity in the manufacturing ecosystem (Brynjolfsson et al., 2019). Hence, this leads us to the following assertion:
H1: Artificial intelligence technologies positively influence the efficiency of production processes in industrial firms to a large extent. 
Additionally, artificial intelligence technologies facilitate better operating decision-making by helping firms to evaluate and interpret large data sets related to operations, while also providing the ability to forecast, which, in turn, enhances the operating performance of manufacturing firms (Dwivedi et al., 2021).
Given this, this leads us to the following assertion: 
H2: The operational performance of industrial firms is positively impacted by the adoption of artificial intelligence.
Smart quality inspection systems have the ability to identify defective products more precisely than the conventional inspection systems (Kusiak, 2018). Hence, the third hypothesis is formulated: 
H3: In manufacturing systems, the quality of products is improved significantly due to the use of Artificial Intelligence technologies. 
Technology based on Artificial Intelligence enables companies to enhance the efficiency of their production systems, resulting in the elimination of operational inefficiencies. Consequently, these advancements lead to a decrease in the expenses associated with production within manufacturing industries. 
Thus, the fourth hypothesis is formulated: 
H4: In industrial firms, operational costs are significantly reduced as a result of the implementation of Artificial Intelligence technologies.

Chapter Summary
The chapter contained a comprehensive review of the theoretical and empirical literature on the use of Artificial Intelligence and how it could be used to enhance the production process within industry. The chapter started with an overview of the concept, development, nature and prominent applications of AI, and its emerging role as a strategic technology that aids in the process of digital transformation and intelligent manufacturing. Another issue covered was the connection between Artificial Intelligence and Industry 4.0 and how, with their advanced digital technologies, they have revolutionized traditional manufacturing systems into smart, data-driven and highly automated production environments.
Moreover, the chapter discussed the key dimensions of production improvement studied in this work: Production efficiency, Operational performance, Product quality, and Production cost reduction. The review proved that Artificial Intelligence plays a key role in optimizing production processes, optimizing the effectiveness of the operation, improving the product quality, reducing the operational waste, and increasing the competitiveness of the organization. The chapter also explored the theoretical background that support the study, such as the Resource Based View (RBV), The Industry 4.0 Theory and Digital Transformation Theory, which has a strong theoretical backing for understanding the role of Artificial Intelligence in enhancing the performance of industries.
Moreover, a thorough search of the previous empirical research was made to find out the trends, similarities and discrepancies in the literature. The review indicated that although there was a significant number of studies that have confirmed the positive effect of Artificial Intelligence on manufacturing performance, available research is mainly on developed economies or study of individual aspects of manufacturing performance. Very few studies have been conducted to examine the overall effect of Artificial Intelligence for production improvement in Saudi industrial companies. The condition identified in the above research gap was the basis of the present study.
The literature summarized in this chapter provided a theoretical and empirical basis for the study of AI in industrial organizations and its strategic importance in industrial organizations. The review also assisted in the conceptualization of the conceptual framework and research hypotheses outlined in Chapter One and served as the academic foundation for the empirical investigation. Based on this theoretical framework, the next chapter outlines the research methodology used to explore the use of Artificial Intelligence in enhancing production in Saudi industrial companies. It provides information on the research philosophy, research approach, research design, sampling procedure, data collection methods, research instrument and the statistical techniques used to analyze and test the proposed hypotheses.
2

image1.png




