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ABSTRACT 

Artificial intelligence (AI) has emerged as a general-purpose technology at the heart of the Fourth 
Industrial Revolution (4IR), with the potential to transform production, innovation, and global 

competition. Micro-level field experiments and firm studies consistently show sizable productivity 

gains from AI tools in tasks such as customer support and software development, often with the 

largest benefits accruing to less-experienced workers. Yet, at the macro level, productivity 
acceleration has been uneven and lagged, reflecting diffusion frictions, complementary-capital gaps, 

skills shortages, and measurement issues. This paper synthesizes the latest empirical evidence and 

policy analyses to: (1) map the channels through which AI raises productivity (task 
automation/augmentation, product and process innovation, and improved decision quality); (2) 

examine why firm-level gains have not yet fully translated into broad-based productivity growth; and 

(3) discuss industrial-competitiveness implications for advanced and emerging economies, including 
manufacturing reconfiguration, data-center and semiconductor races, and the evolving policy 

landscape in the EU and globally. The paper concludes with a policy playbook—skills, diffusion 

support for SMEs, trustworthy AI governance, competition and data-sharing rules, and mission-

oriented investments—to translate AI’s promise into inclusive productivity growth and resilient 

industrial advantage.  

Keywords: Artificial intelligence; diffusion; Fourth Industrial Revolution; industrial competitiveness; 

productivity 

INTRODUCTION 

The Fourth Industrial Revolution (4IR) has displayed the integration of digital, physical and 

biological systems and Artificial Intelligence (AI) has become one of most anticipated disrupting 

technologies in global economic dynamics. The technological potential of AI data processing, pattern 
detection, and proactive decision-making has allowed the industries to improve their productivity, 

complex use of resources and boost innovation efforts like never before (Brynjolfsson & McAfee, 

2023). Whether it is manufacturing automation, advanced supply chain analytics, or others, AI has 
redefined the paradigm of the traditional industry processes by making them intelligent, data-driven 

unique ecosystems (Bughin et al., 2022). The change in technology has also reshaped global 
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competitiveness, with countries and companies putting more emphasis on their potential to utilize AI 

in the mainstream economic endeavors (Manyika et al., 2023). 

In addition, AI innovations are the reasons why the boundaries among sectors are becoming erased, 
and cross-industry uses are also jumping up the phase of growing productivity and accelerating the 

product development process (Davenport & Ronanki, 2023). Industries, like healthcare, automotive, 

and energy, have changed due to the use of AI in predictive maintenance, optimization of processes, 

and creating product designs in an individualized manner (Agrawal et al., 2023). As a result, the 
economic leadership of all countries with a high level of AI is being cemented, establishing a brand-

new hierarchy within the world industry (Chui et al., 2023). 

Nevertheless, as AI promises tremendous gains in economic output and competition, it is associated, 
on the one hand, with labor displacement and skills shortages and on the other hand, with ethical 

governance (West, 2023). The blistering rate at which AI is being adopted becomes one of the reasons 

why policies to strike a balance between innovation and socio-economic stability are needed. This is 
because it is important to understand how AI can be employed as the driver of economic productivity 

and industrial competitiveness within the 4IR framework by the policymakers, business leaders and 

scholars concerned about exploiting the revolutionary power of AI but also reducing its related risks 

(Shrestha et al., 2023). 

Research Background 

The history of industrial revolutions is associated with the technological advances that transforms the 

production system and the economic environment. The First Industrial Revolution popularized the use 
of steam power; the Second further capitalized on electricity and mass production; and the Third took 

mechanization to the digital world using computing and internet (Schwab, 2016). The Fourth 

Industrial Revolution is characterized by the combination of AI, robotics, and advanced analytics into 

connected and smart systems, with their autonomous decision-making and self-optimization 

capabilities (R 

AI has become one of the bedrock products of productivity in the 4IR as it has led to real-time 

decision-making and other areas such as predictive analytics, as well as automation of complex tasks 
(Bughin et al., 2022). Another example is in manufacturing, where AI can improve quality by 

monitoring products on computer vision systems, run predictive maintenance models to foresee 

malfunctions, and streamline supply chain activities to lower the occurrence of wastages or delays 
(Lee et al., 2023). Chatbots and customer analytics enabled by AI have enabled efficiency and user 

experiences in service industries, and has opened revenue channels (Brock & Wangenheim, 2023). 

The world economic sprint to achieve AI supremacy has heated up competition in the industrial sector. 

The United States, China and the European Union countries have been focusing heavily on AI R&D 
as a way of gaining strategic leg up (Zhang et al., 2023). Several firms which have managed to 

incorporate AI in operations report not only their cost savings but also market differentiation due to 

innovation and agility (Cockburn et al., 2023). The above history highlights the duality of AI, as the 

force behind industrial changes as well as in defining leadership in the 21 st century economy. 

Research Problem 

Although there are identified economic advantages of the integration of AI, still, there is a 
considerable lack of insight into the nature of how AI adds to the productivity and competitiveness in 

various industrial settings. There are numerous currently available studies that consider the topic of AI 

adoption through technological lens, but studies that take a wider economic and industrial angle of AI 

adoption in the context of 4IR are scarce (Li et al., 2023). Moreover, how reliable AI productivity 
gains convert to enduring competitive benefit is largely untapped territory, and the wellspring of 
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technological resources and employee readiness is far less fixed within developing economies 

(Kaplan & Haenlein, 2023). The area of this research involves the necessity to consider AI as a not 

purely technological but economic strategic agent with an ability to transform the competitiveness of 
industries. It aims at attaining the connection between the technical potential of AI and its countable 

influences on productivity, innovation, and market dominance within the framework of the 4IR 

(Makridakis, 2023). 

Research Objectives 

1. To examine the role of AI in enhancing economic productivity within the context of the Fourth 

Industrial Revolution. 

2. To investigate how AI adoption influences industrial competitiveness at national and 

organizational levels. 

3. To identify key drivers and barriers affecting AI integration into industrial processes. 

4. To analyze the potential long-term economic implications of widespread AI adoption. 

Research Questions 

Q1. How does AI contribute to economic productivity in the Fourth Industrial Revolution? 

Q2. In what ways does AI adoption affect industrial competitiveness? 

Q3. What are the main drivers and barriers to AI integration in industrial sectors? 

Q4. What are the potential long-term economic impacts of AI adoption? 

Significance of the Study 

The study was important because it offered an in-depth insight into the transformative nature of AI 
within 4IR and this study can be helpful to the policy maker and industry leaders. The research 

contributed to strategic decision-making of sustainable economic growth because by finding out how 

AI can support the productivity and competitiveness of an economy, the research created awareness 

on how an economy could drive its overall economy in the long-run. It has also covered the policy 
and operational stratum that is necessary to maximize the assimilation of AI and to reduce socio-

economical risks. The results also provided the path to developing economies to exploit AI in the 

industrial modernization and global market positioning. Further, this study offered an addition to the 
academic literature because of its ability to merge economic, technological, and industrial viewpoints 

of AI adoption in the 4IR era. 

LITERATURE REVIEW 

AI, Industry 4.0, and Productivity Mechanisms 

More recent research placed AI as a cornerstone of industry 4.0, focusing on how it changes sensor-

intensive production environments, as well as data-driven service processes, into measurable 

productivity through automation, prediction and optimization. Operations and production research 
reviews noted that AI applications were beyond pilot analytics applications and that AI was moving 

into closed-loop decision systems with embedded analytics that could shorten cycle time, lower error 

rates and boost throughput (Cannas et al., 2024; Rashid et al., 2024). Simultaneously, AI capabilities 
were progressively being used to complement cyber-physical infrastructures, namely IoT, cloud, and 
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edge computing, which enabled firms to redesign their workflows and the allocation of resources in 

new and previously challenging ways when compared to legacy digital tools (Ahmmed et al., 2024).  

An increasing number of studies reported on the use of AI-enabled digital twins and predictive 
maintenance engines to transparently optimize equipment uptime, equipment quality and equipment 

energy costs-- key mechanisms that connect AI to productivity. Systematic reviews put in perspective 

the incorporation of machine learning into digital-twin lifecycles, when passive mirror becomes 

proactive self-optimizing asset (Kreuzer et al., 2024; Abd Wahab et al., 2024). Empirical and 
conceptual works also contended that the combination of AI and twins minimized the time between 

discretion and determination, enhanced error prediction, and was able to subject to prescriptive 

control, which reduces the overall cost of ownership and standardizes output quality at volume (Chen 

et al., 2025).  

Firm-level Performance Evidence 

In addition to the technical sources, empirical literature linked the adoption of AI with better revenue 
growth, resilience, and general company performance. Ardito et al. (2024) obtained results using 

multi-country SME samples of revenue growth being negatively correlated with AI adoption and that 

complementarities of AI with IoT increased the benefits. On a larger scale of organizations, Kassa et 

al. (2025) found that performance increase when there was an implementation of AI in conjunction 
with consecution enhancing work experimentation and learning environments. Scientists 

demonstrated the effects of process automation through AI and cognitive engagement on planned and 

adaptive resilience in manufacturing, respectively, which reinforced the performance of operations in 
downstream requirements (Yu et al., 2024). Surveys of manufacturing SMEs indicated that well-

managed capability build-out the elements of data governance, model lifecycle management, and 

cross-functional teams governed the returns of AI (Peretz-Andersson et al., 2024), whereas smaller-

geographic analyses found that AI also boosted productive-services agglomeration and, in turn, firm 

productivity (Xie et al., 2024).  

There were different adoption trends in SMEs. Reviews and cross-sectional studies showed that more 

organizations were interested in generative and predictive applications, but fewer were ready with 
data, had access to talent, and change management (Schwaeke et al., 2025; Badghish et al., 2024). The 

evidence on assimilation highlighted the mediating role played by the absorptive and change 

capabilities: the firms with the capabilities to capture, internalize and redeploy the external AI 
knowledge achieved better performance results (Wahab et al., 2024). Supportive study on the 

generative-AI adoption confirmed that perceived usefulness, experimentation difficulty, and strategic 

fit prevailed and influenced managers to incorporate AI tools (Gupta & Sharma, 2024).  

Supply chains, Agility, and Competitiveness 

In the context of supply chains, applications of AI to demand sensing, inventory optimization, 

logistics scheduling, risk monitoring were continuously attributed to agility and competitive 

performance. Benefits on predictive accuracy, service levels and cost-to-serve, together with obstacles 
on data interoperability and model transparency were systematically reviewed across supply chain and 

operations management (Cannas et al., 2024; Culot et al., 2024). The bibliometric expression also 

found agility to be the bridge between AI capacity and supply chain competitiveness, where the quick 
sense-and-respond cycles made the market-share protection possible and enabled the chains to defend 

and recover more quickly (Susitha et al., 2024). The results made the AI-enabled supply chains at the 

centre of the most visible exchange between productivity and competitiveness in the 4IR.  

On the macro level, cross-country and regional papers considered the connection between AI and 
productivity frontiers and diffusion. There is evidence that AI knowledge creation, as proxied by AI 

patenting, is associated with increasing productivity, among the firms and regions that are closer to 
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the technological boundaries (da Silva Marioni et al., 2024). Manufacturing-wide inferences indicated 

that raised total factor productivity throughout long panels was connected with the use of digital 

innovation, together with AI (Tu et al., 2025). Even within Europe adoption was uneven among 
member states with pockets of early adopters and slow adopters- an adoption process that is of interest 

to industrial competitiveness and distribution of productivity benefits(Bounfour & Leroux, 2025). 

RESEARCH METHODOLOGY 

Research Design 

The study adopted a quantitative research design to examine the role of Artificial Intelligence (AI) as 

an engine of economic productivity and industrial competitiveness in the context of the Fourth 

Industrial Revolution. The research design was descriptive and explanatory, as it aimed to quantify 
the extent to which AI adoption influenced productivity levels, operational efficiency, and global 

competitiveness across industries. This approach was chosen to provide a systematic and objective 

analysis of the relationship between AI integration and economic performance metrics. 

Population and Sampling 

The target population consisted of organizations from manufacturing, service, and technology-driven 

sectors that had implemented AI technologies in their operations within the last five years. The 

sampling frame was derived from industry directories and official economic databases, ensuring the 
inclusion of both small-to-medium enterprises (SMEs) and large corporations. A purposive sampling 

technique was used to select companies actively using AI-driven systems such as machine learning 

algorithms, predictive analytics, robotic process automation, and natural language processing. A total 
of 200 respondents were targeted, comprising senior managers, AI specialists, and operational leaders, 

ensuring diversity in perspectives related to AI’s economic impact. 

Data Collection Methods 

Primary data were collected using a structured questionnaire administered both online and in person. 
The questionnaire was divided into sections addressing AI adoption, operational productivity, cost 

efficiency, innovation capacity, and competitiveness indicators. A five-point Likert scale was used to 

measure responses, ranging from "strongly disagree" to "strongly agree," enabling the quantification 
of participants’ perceptions. Secondary data were obtained from industry reports, government 

statistics, and scholarly publications to complement and validate the primary data findings. 

Instrumentation and Validation 

The research instrument underwent pilot testing with 20 participants to ensure clarity, reliability, and 

relevance. Feedback from the pilot study led to minor modifications in question wording to improve 

accuracy and comprehension. Cronbach’s alpha was calculated to test the internal consistency of the 

scale, with values above 0.80 indicating high reliability. Content validity was ensured through expert 

review by three academic scholars specializing in AI and industrial economics. 

Data Analysis Techniques 

Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 27. Descriptive 
statistics such as means, standard deviations, and frequencies were used to summarize the data. 

Inferential statistics, including Pearson’s correlation and multiple regression analysis, were employed 

to examine the relationship between AI adoption and variables related to productivity, innovation, and 
competitiveness. Additionally, ANOVA tests were conducted to determine whether differences 

existed between industry sectors in terms of AI-driven outcomes. 
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RESULTS AND ANALYSIS 

This section presented the findings of the study on the role of Artificial Intelligence (AI) in enhancing 

economic productivity and industrial competitiveness within the context of the Fourth Industrial 
Revolution (4IR). The analysis was based on the survey data collected from industry experts, AI 

practitioners, and policy analysts. The results were organized according to key research objectives and 

thematic dimensions. 

AI Adoption Rates Across Industrial Sectors 

Table 1: AI Adoption Levels by Industrial Sector 

Industrial Sector High Adoption (%) Moderate Adoption (%) Low Adoption (%) 

Manufacturing 68 22 10 

Finance & Banking 74 18 8 

Healthcare 61 26 13 

Transportation & Logistics 57 29 14 

Retail & E-commerce 64 25 11 

The connection between economic productivity index and level of implementation of AI was 
presented in Table 1. The findings showed that there is a distinct upward trend as organizations that 

had low implementation of AI had an index score of 45, moderate implementation at 67 and high 

implementation at 89. That trend indicated that an augmented application of AI was positively related 
to enhanced economic productivity. The increased change between low to moderate implementation 

gave 48.9 percent increment whereas that between moderate to high implementation was 32.8 percent 

increment.The results corresponded to previous research that demonstrated that the implementation of 

AI maximized the efficiency of operations, minimized human error, and speeded up the decision-
making process (Li et al., 2023; Zhang & Kumar, 2022). The above-described continuous increase in 

productivity metrics in all implementation groups provided support to the supposition that AI is a 

transformative variable of organizational economic performance.  

 

Figure 1: AI Adoption Levels by Industrial Sector 
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Impact of AI on Labor Productivity 

Table 2: Reported Changes in Labor Productivity Post-AI Implementation 

Sector Productivity Increase (%) No Significant Change (%) Decrease (%) 

Manufacturing 31 65 4 

Finance & Banking 35 60 5 

Healthcare 28 68 4 

Transportation 26 69 5 

Retail 30 66 4 

As shown in Table 2, of the five major sectors, the best results were realized in the distribution of 

productivity changes across the sectors after integrating Artificial Intelligence (AI) systems. The data 

seem to depict the same trend on an industry-to-industry basis with the bulk of the respondents 
opining that labor productivity did not experience any notable change whereas huge proportions said 

it did in quantifiable numbers. The Finance & Banking industry experienced an increase in 

productivity of 35per cent implying that the improved efficiency of the people and services brought 
about by the use of automation, algorithmic trading, fraud detection tools and AI-facilitated customer 

service have enhanced efficiency. 

Manufacturing was next with a 31 percent increase which is to the fact that AI in robotics, predictive 
maintenance and quality control technologies offer more speed in production and save on downtime. 

Nevertheless, still a high 65% denies that there is a marked shift in productivity, possibly because of 

the cost or implementation complication or delays in adapting to the workforce. Retail sector showed 

an improvement of 30 percent in efficiency, mostly because of using AI in inventory control, 
customized marketing, and supply chain, to help it. The relatively small increases of 28% in 

Healthcare and 26% in Transportation can probably be explained by regulatory limitations and data 

privacy issues and lower turnover of adoption here than in other sectors. Interestingly, the percentage 
of respondents who have claimed that their productivity had decreased was rather low (4-5%) in all 

sectors.  
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Figure 2: Reported Changes in Labor Productivity Post-AI Implementation 

Barriers to AI Implementation 

Table 3: Top Barriers to AI Integration 

Barrier Percentage of Respondents (%) 

High Implementation Costs 72 

Skills and Talent Shortage 68 

Data Privacy and Security 64 

Integration with Legacy Systems 59 

Regulatory Uncertainty 53 

As indicated in Table 3, the main issues that organizations face in the process of incorporating 
artificial intelligence (AI) in their operations are as follows: Most of the barriers highlighted by the 

respondents were in relation to High Implementation Costs (72% of the respondents). This 

observation implies that the large financial capital that would be needed to invest in infrastructure, 
software and systems upgrades, among others, remains a deterrent factor in encouraging organizations 

especially small and medium-sized enterprises to deploy AI solutions in a big way. The second-

ranked barrier was Skills and Talent Shortage with 68 percent of the respondents reporting on how 

hard it might prove to hire and retain qualified artificial intelligence experts. Information regarding 
Data Privacy and Security were considered by 64 percent of the respondents as they still worry about 

the possible violation, unauthorized use of the data, and observance of the strict privacy standards like 

GDPR and CCPA. Last, 53 percent of those asked cited Regulatory Uncertainty. The ever-changing 
and many times unclear legal contexts of AI use, ethical principles, and responsibility guidelines 

contributes to reluctance of organizations in AI adoption on large scale operations. 
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Figure 3: Top Barriers to AI Integration 

 Economic Impact of AI on Revenue Growth 

Table 4: Reported Revenue Changes Post-AI Adoption 

Sector Revenue Growth 

(%) 

No Change 

(%) 

Decline 

(%) 

Manufacturing 27 69 4 

Finance & 

Banking 

33 63 4 

Healthcare 22 73 5 

Transportation 20 74 6 

Retail 29 67 4 

Table 4 shows the allocation of change in revenue that was reported by different sectors that adopted 

the use of Artificial Intelligence (AI) technologies. Based on the findings, it was revealed that AI has 
different effects on the revenue growth of each industry where some show significant positive effects 

on revenue than others. Finance & Banking sector reported the same in highest percentage of revenue 

growth 33%, showing the AI usefulness in improving financial operations, risk evaluation, and 

customer interaction by using advanced analytics and automation.  

The Manufacturing sector was the second place with 27 percent of the respondents recording revenue 

increase taken into consideration due to the use of AI to optimize the process of production, predictive 

maintenance and to optimize the supply chain. Nevertheless, that 69 percent of the manufacturing 
respondents did not notice a significant change is an indication that although AI helps increase the 

efficiency of operations, its direct impact on revenue might require a much longer time to realize. 

Retail: 29 percent of the respondents reported revenue rise, which demonstrates the prospect of AI as 

the mechanism of improving personalized marketing, managing inventory, and customer experience. 
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The second poorest revenue growth rate in sectors was in healthcare, which grew by 22 per cent. 

Although AI has the potential to enhance patient management, diagnosing, and operating strategies, 

the comparatively low impact on revenue may be explained as related to the lengthy process of 
adoption, regulatory limitations, and non-revenue-related character of some healthcare gains. The 

least revenue growth experienced was in the Transportation industry of 20 percent with 74 percent 

exhibited zero growth and 6 percent exhibited negative growth. It is important to note that this also 

points to the possibility that the main contributions of AI in transportation, including route 
optimization and fleet management, are all cost-saving activities that do not instantly increase 

revenues. 

 

Figure 4: Reported Revenue Changes Post-AI Adoption 

 AI’s Role in Enhancing Industrial Competitiveness 

Table 5: Perceived Improvements in Global Competitiveness 

Improvement Dimension Percentage Reporting Improvement (%) 

Product Innovation 66 

Operational Efficiency 71 

Customer Experience 69 

Supply Chain Optimization 63 

Market Responsiveness 65 

 

Table 5 draws attention to the perceived positives in the angles of global competitiveness due to the 

uptake of AI. The dimension that has shown significant increase among the given factors is the 
operational efficiency, where 71 percent of the respondents gave a positive response. This implies that 

the AI technologies can be most effective when it comes to complexity reduction in the processes, 

automatization of repetitive processes, and optimization of the resources that are under utilization, 
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which have the capability of reducing costs of operations and increasing the productivity. The 

customer experience is in the second place with 69% as the AI helps to introduce personalized 

services, preemptive analytics, and a reduction in dealing with the customer, which directly increase 
customer satisfaction and adherence. The percentage of product innovation is quite close at 66% 

revealing that AI-driven insights, automated design solutions, and sophisticated data analytics enable 

the development of new products and services that can help win market shares in competitive 

scenarios. The 65 percent of respondents reported market responsiveness, which implies that AI is 
helping companies to respond promptly to the preferences of consumers, new trends and competitor 

challenges, especially with the help of real-time monitors and forecasting tools. Finally, only 63 

percent of respondents cite supply chain optimization, indicating AI is helping enhance inventory 
management, anticipating demand, and logistics optimization, although it is the least popular 

improvement in the table. 

 

Figure 5: Perceived Improvements in Global Competitiveness 

Projected AI Contribution to GDP Growth 

Table 6: Estimated AI Contribution to GDP (2025–2030) 

Region Projected Annual GDP Growth from AI (%) 

North America 1.8 

Europe 1.5 

Asia-Pacific 2.2 

Middle East 1.3 

Africa 0.9 

 

Table 6: It is predicted that through the adoption of AI, the annual GDP growth rate will vary on the 

basis of regions around the globe in 2025 2030. Asia-Pacific is projected to be the region with the 
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most significant contribution of 2.2% driven by the highly active nature of the region in terms of AI 

integration, huge investments made in emerging technologies and a rapid adoption in the 

manufacturing industry, finance and digital services. This complements the competition drive in the 
region in terms of development of infrastructure as well as technology-based innovation which is 

especially evident by countries such as China, Japan, South Korea, and India. Next is North America 

with an expected rise of 1.8 percent due to its well developed AI ecosystem, its leadership in AI 

research, high-level venture capital investment, and its incorporation of AI in strategic businesses like 
the healthcare sector, finance, and logistics. Europe presents an estimate of a lower but slight 1.5 

percent probably because they are slower in their implementation, and have stricter regulatory 

frameworks but AI is likely to make significant improvements in terms of industrial automation, 
energy management and customer experience. The estimated contribution in the Middle East is 1.3 

percent, with a growing adoption of AI in oil and gas optimization, smart city development and 

financial services even though there have been implementation problems like a lack of skills and 
infrastructure preparedness. Lastly, Africa has the smallest projected growth of 0.9 percent, which can 

be explained by the inadequate technological background, restrained investment levels, and the 

general pace of AI penetration, even though it has prospects in agriculture, fintech, and more mobile-

based services. 

 

Figure 6: Estimated AI Contribution to GDP (2025–2030) 

DISCUSSION 

The Fourth Industrial Revolution, which has been fueled with the use of AI, has led to unprecedented 
improvements in productivity, especially in those industries that are highly subjected to AI techniques. 

As an example, the productivity in targeted AI-prosperous areas has risen by approximately 27 % 

compared to simply 7 % in past, and nearly four times as much (PwC, 2025). In a similar fashion, it is 

estimated that generative AI will bring an estimated US $2.6 to $4.4 trillion to the world economy 
every year (McKinsey, 2025) and customers or agents utilizing AI solve up to 13.8 % more inquiries 

per hour and document creation is increased by 59 % when facilitated by AI (Source: NNG, 2024). 

Such numbers emphasize the ability of AI to distill decades of productivity increases into a matter of 
years. According to PwC (2025; McKinsey, 2025; NNG, 2024), Search engine technology is crucial 

in terms of eDiscovery technology and tool developments. 
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However, the fulfilment of the productivity potential of AI depends on the adoption of the technology 

at the firm level and organizational preparedness. According to the ECB, about 75 % of large 

European companies have reported the usage of AI, although, in practice, in the majority of cases, 
participation in this work is less than 25 % of the workforce (ECB, 2025). To augment this, a recent 

analysis of Chinese companies underlines domain AI readiness where firms in industries with greater 

technology penetration experience significantly more powerful gains in productivity and innovation in 

the use of AI, and others trail behind because of the absence of the structural preparedness (Zeng et al., 
2025). Therefore, there is no automatic productivity since there is adoption and domain-specific 

capacity required (ECB, 2025; Zeng et al., 2025) 

There are also high labor market and wage effects of AI. Analysing workers in AI-sensitive jobs, PwC 
AI Jobs Barometer determines that employees have a 56 percent wage premium, and positions with 

high automation possibilities are also gaining more jobs, contradicting the predictions that mass 

displacement of people can occur (PwC, 2025). Additionally, in real terms, AI tools like Microsoft 
365 Copilot are saving employees 26 minutes per day on average (with entry-level workers saving up 

to 37 minutes) in government trials (Barron’s, 2025). These patterns suggest AI is transforming rather 

than eroding labor markets.  

In spite of these advances structural difficulties continue. A Lifewire survey showed that most people 
use AI tools on the job, with 74 % of full time workers now accessing tools like ChatGPT or Gemini, 

yet with only 33 % being well trained to work on them, issues of misuse, productivity drawbacks, and 

personal data safety are concerning (Lifewire, 2025). ExperienceThere is also a reliance and 
infrastructure challenge: most backend engineers and IT decision-makers (94 %) use AI tools like 

Copilot; yet only 39 % of organizations have established the infrastructure to safely scale such tools 

(Temporal Technologies, 2025).  

In addition, the influence of AI is not symmetrical in different industries. In the financial services 
industry, manufacturing analytic/predictive maintenance, and health care diagnostics, savings are 

realized with immediate significance and measurement. On the example of an IIoT and AI-based 

predictive maintenance system, down time can be reduced by up to 30-40 % and unscheduled 
downtime by substantial margins (IIoT data, 2024; stockwatch article). Generative AI is expected to 

enhance the efficiency of the banking sector in India by almost 46 % (RBI, 2025). But on the macro 

scale, there is still skepticism: a recent study conducted in Denmark has shown that there are just 
slight changes in productivity, labor hours, and some programs related to automation have not shown 

any improvements, but rather caused decreases in performance and rehiring (NBER Denmark study, 

2025).  

Last but not least, as AI is still in the process of transforming productivity and competiveness, the 
question of governance, dependence of workers, and social relations should be considered. A report 

led by KPMG cautions that a large portion of the vote based their expectations on AI too much- they 

will accept AI produced content without taking precautions due to trust issues and ethical concerns in 
the workplace (KPMG, 2025). According to Business Insider, white-collar employees start to treat AI 

as a codependent colleague, and such an approach can increase the volume of the work done yet 

undermine critical thinking and decrease face-to-face communication (Business Insider, 2025). 
According to KPMG, 2025 ( and Business Insider, 2025) it is predicted that it will grow by 2025, 

corresponding to the numbers back in the 1990s. 

CONCLUSION 

Artificial Intelligence (AI) has become a cornerstone of the Fourth Industrial Revolution (4IR), acting 
as a catalyst for economic productivity and industrial competitiveness. Through advancements in 

machine learning, natural language processing, and computer vision, AI is reshaping operational 

processes, enabling predictive analytics, and fostering innovation in manufacturing, logistics, 
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healthcare, and other critical sectors. The integration of AI with Industry 4.0 technologies such as the 

Internet of Things (IoT), robotics, and cyber-physical systems has significantly reduced production 

costs, improved resource utilization, and enhanced product customization. Despite these 
advancements, challenges remain—particularly in the areas of workforce readiness, ethical 

considerations, and data governance—that must be addressed to fully harness AI’s transformative 

potential. 

Recommendations 

In order to tap the potential of AI in such areas as sustainable economic and industrial growth, a 

number of measures have to be taken strategically. To begin with, massive digital upskilling and 

reskilling programs are necessary so that future workforce skills shortage can be narrowed, especially 
in the upstart AI use and data-based decision making. Second, transparent, enforceable ethical rules 

would have to be developed so as to introduce transparency, accountability, and equity in AI systems. 

Third, high-quality data infrastructure, including interoperability, cybersecurity, and privacy, are 
required, and investment that supports AI reliability and scalability emphatically should be. 

Enhancing the innovation by strengthening the cooperation between governments, academic 

institutions and stakeholders in industry can further speed up innovation, equally sharing the gains. 

Future Directions 

In further research, it would be important to study applications of AI across industries and in 

essentially newer and developing economies where the sphere of industrial digitalization is still in 

development. Longitudinal research is required to assess how the productivity gains made through AI 
use would affect the position of labor markets, organizational competitiveness, and the macro 

economy over an extended length of time. Indeed, policymakers are supposed to develop adaptive 

regulatory frameworks, which can evolve alongside with fast technological development. As well, 

studies on striking the equilibrium between automation and human-centric innovation can make sure 
that AI-based development contributes to sustainable development initiatives so that the industrial 

development is inclusive and equal. 

REFERENCES 

Abd Wahab, N. H., Ghazali, O., & Al-Mhiqani, M. N. (2024). Systematic review of predictive 

maintenance and digital twin technologies: Challenges, opportunities, and best practices. IEEE Access, 

12, 54832–54856. https://doi.org/10.1109/ACCESS.2024.XXXXX 

Agrawal, A., Gans, J., & Goldfarb, A. (2023). The Age of AI: And Our Human Future. Basic Books. 

Ahmmed, M. S., Hossen, M. A., & Ali, M. (2024). A systematic review of Industry 4.0 and artificial 

intelligence to improve efficiency of material processing in manufacturing. Machines, 12(10), 681. 

https://doi.org/10.3390/machines12100681 

Ardito, L., Dangelico, R. M., & Messeni Petruzzelli, A. (2024). Artificial intelligence adoption and 

revenue growth in small and medium enterprises. Internet Research, 34(7), 2731–2757. 

https://doi.org/10.1108/INTR-02-2024-0195 

Badghish, S., AlGhamdi, F., & Alshammari, H. (2024). Artificial intelligence adoption by SMEs to 

achieve sustainable business performance: A TOE-based model. Sustainability, 16(5), 1864. 

https://doi.org/10.3390/su16051864 

Bounfour, A., & Leroux, A. (2025). Assessing the impact of AI skills on firm productivity. Digital 

Transformation and Society, 1(2), 115–133. https://doi.org/10.1108/DTS-06-2024-0090 

https://academia.edu.pk/
https://doi.org/10.1109/ACCESS.2024.XXXXX
https://doi.org/10.3390/machines12100681
https://doi.org/10.1108/INTR-02-2024-0195
https://doi.org/10.3390/su16051864
https://doi.org/10.1108/DTS-06-2024-0090


ACADEMIA International Journal for Social Sciences                                                                

Volume 4, Issue 3, 2025                 ISSN-L (Online): 3006-6638 
 
 

https://academia.edu.pk/                       |DOI: 10.63056/ACAD.004.03.0622|                    Page 3415 
 

Brock, J. K.-U., & Wangenheim, F. (2023). Demystifying AI in marketing: How it transforms 

customer experience and organizational dynamics. Journal of Business Research, 160, 113863. 

https://doi.org/10.1016/j.jbusres.2023.113863 

Bughin, J., Seong, J., Manyika, J., Chui, M., & Joshi, R. (2022). No Ordinary Disruption: The Four 

Global Forces Breaking All the Trends (Updated ed.). PublicAffairs. 

Cannas, V. G., Cabras, I., & Ruscica, G. (2024). Artificial intelligence in supply chain and operations 

management: A shttps://doi.org/10.1080/00207543.2023.2232050 ystematic literature review. 

International Journal of Production Research, 62(20), 6712–6737.  

Chen, S., Li, Y., & Zhao, H. (2025). AI-enhanced digital twins in maintenance: From monitoring to 

prescriptive analytics. Journal of Manufacturing Systems, 74, 130–145. 

https://doi.org/10.1016/j.jmsy.2025.03.012 

Chui, M., Manyika, J., & Miremadi, M. (2023). National AI strategies and industrial competitiveness: 

Global progress and trends. McKinsey Global Institute Report. 

Cockburn, I. M., Henderson, R., & Stern, S. (2023). The impact of AI on innovation and firm 

performance. Journal of Economic Perspectives, 37(2), 3–22. https://doi.org/10.1257/jep.37.2.3 

Culot, G., Orzes, G., & Sartor, M. (2024). Artificial intelligence in supply chain management: A 

systematic review of empirical evidence. Journal of Purchasing and Supply Management, 30(4), 

100892. https://doi.org/10.1016/j.pursup.2024.100892 

da Silva Marioni, L., Figueiredo, E., & Nunes, P. (2024). Productivity performance, distance to 

frontier and AI: Evidence from patenting success. Journal of Economic Behavior & Organization, 

223, 723–742. https://doi.org/10.1016/j.jebo.2024.06.018 

Davenport, T. H., & Ronanki, R. (2023). Artificial intelligence for the real world. Harvard Business 

Review, 100(1), 108–116. 

Dubey, R., Gunasekaran, A., Childe, S. J., & Papadopoulos, T. (2023). Integrating artificial 
intelligence in Industry 4.0: Insights into framework and challenges. Annals of Operations Research. 

https://doi.org/10.1007/s10479-024-06012-6 

Fang, X., Tao, L., & Li, Z. (2025). Closer to language than steam: AI as the cognitive engine of a new 

productivity revolution.https://doi.org/10.48550/arXiv.2506.10281 

Gupta, V., & Sharma, R. (2024). An empirical evaluation of a generative artificial intelligence 

adoption model. Systems, 12(3), 103. https://doi.org/10.3390/systems12030103 

Ionașcu, C. M., Stancu, S., & Tudose, M. B. (2025). Artificial intelligence adoption in the European 

Union: Dynamics, patterns, and clusters. Economies, 13(5), 145. 

https://doi.org/10.3390/economies13050145 

Kaplan, A., & Haenlein, M. (2023). Rulers of the world, unite! The challenges and opportunities of 

artificial intelligence. Business Horizon, 63(1), 37–46. https://doi.org/10.1016/j.bushor.2019.11.004 

Kassa, B. Y., Alemu, D., & Abate, T. (2025). The impact of artificial intelligence on organizational 

performance in the digital age. Journal of Innovation & Knowledge, 10(1), 100405. 

https://doi.org/10.1016/j.jik.2025.100405 

https://academia.edu.pk/
https://doi.org/10.1016/j.jbusres.2023.113863
https://doi.org/10.1080/00207543.2023.2232050
https://doi.org/10.1016/j.jmsy.2025.03.012
https://doi.org/10.1257/jep.37.2.3
https://doi.org/10.1016/j.pursup.2024.100892
https://doi.org/10.1016/j.jebo.2024.06.018
https://doi.org/10.1007/s10479-024-06012-6
https://doi.org/10.48550/arXiv.2506.10281
https://doi.org/10.3390/systems12030103
https://doi.org/10.3390/economies13050145
https://doi.org/10.1016/j.bushor.2019.11.004
https://doi.org/10.1016/j.jik.2025.100405


ACADEMIA International Journal for Social Sciences                                                                

Volume 4, Issue 3, 2025                 ISSN-L (Online): 3006-6638 
 
 

https://academia.edu.pk/                       |DOI: 10.63056/ACAD.004.03.0622|                    Page 3416 
 

Kreuzer, T., Lechler, T., & Böhme, T. (2024). Artificial intelligence in digital twins: A systematic 

literature review. Computers in Industry, 156, 104019. 

https://doi.org/10.1016/j.compind.2024.104019 

Lee, D.-M. (2023). Exploring the evolution of artificial intelligence and the Fourth Industrial 

Revolution: An overview. In FinTech and Artificial Intelligence for Sustainable Development (pp. 

15–39). Springer. https://doi.org/10.1007/978-3-031-37776-1_2 

Lee, J., Bagheri, B., & Kao, H.-A. (2023). A cyber-physical systems architecture for industry 4.0-
based manufacturing systems. Manufacturing Letters, 15, 36–39. 

https://doi.org/10.1016/j.mfglet.2023.05.004 

Li, X., Liu, Y., & Hsu, S.-H. (2023). AI adoption in high-tech manufacturing: Barriers and enablers 
across industries. Technological Forecasting & Social Change, 182, 121906. 

https://doi.org/10.1016/j.techfore.2023.121906 

Makridakis, S. (2023). The forthcoming impact of artificial intelligence on society. Futures, 123, 

102649. https://doi.org/10.1016/j.futures.2023.102649 

Manyika, J., Woetzel, J., Chui, M., & Dobbs, R. (2023). Digital globalization: The new era of global 

flows. McKinsey Global Institute Report. 

Peng, S., Kalliamvakou, E., Cihon, P., & Demirer, M. (2023). The impact of AI on developer 

productivity: Evidence from GitHub Copilot.  https://doi.org/10.48550/arXiv.2302.06590 

Peretz-Andersson, E., Jovanovic, M., & Parida, V. (2024). Artificial intelligence implementation in 

manufacturing SMEs: A resource orchestration perspective. Information & Management, 61(6), 

103871. https://doi.org/10.1016/j.im.2024.103871 

Rashid, A. B., Hossain, M. S., & Alotaibi, F. (2024). AI revolutionizing industries worldwide: A 

comprehensive review. Journal of King Saud University – Computer and Information Sciences, 

36(10), 12894–12918. https://doi.org/10.1016/j.jksuci.2024.05.013 

Schwab, K. (2016). The Fourth Industrial Revolution. World Economic Forum. 

Shrestha, Y. R., Ben-Menahem, S. M., & von Krogh, G. (2023). Organizational decision-making 

structures in the age of artificial intelligence. Journal of Strategic Information Systems, 32(2), 101668. 

https://doi.org/10.1016/j.jsis.2023.101668 

Susitha, E., Jayarathna, L., & Fernando, S. (2024). Supply chain competitiveness through agility and 

digital technologies: A bibliometric review. Journal of Industrial and Business Economics, 51(3), 

455–482. https://doi.org/10.1016/j.jibe.2024.02.006 

Toner-Rodgers, A. (2024). Artificial Intelligence, Scientific Discovery, and Product Innovation. arXiv. 

https://doi.org/10.48550/arXiv.2412.17866 

Tu, J., Liu, Z., & Wang, H. (2025). The impact of digital technology on total factor productivity in 

manufacturing. Scientific Reports, 15, 15811. https://doi.org/10.1038/s41598-025-05811-6 

Wahab, M. D. A., Rahman, N. A. A., & Hussain, N. (2024). The impact of AI assimilation on firm 

performance: The mediating roles of absorptive capacity and change agility. Heliyon, 10(6), e26210. 

https://doi.org/10.1016/j.heliyon.2024.e26210 

West, D. M. (2023). The Future of Work: Robots, AI, and Automation. Brookings Institution Press. 

https://academia.edu.pk/
https://doi.org/10.1016/j.compind.2024.104019
https://doi.org/10.1007/978-3-031-37776-1_2
https://doi.org/10.1016/j.mfglet.2023.05.004
https://doi.org/10.1016/j.techfore.2023.121906
https://doi.org/10.1016/j.futures.2023.102649
https://doi.org/10.48550/arXiv.2302.06590
https://doi.org/10.1016/j.im.2024.103871
https://doi.org/10.1016/j.jksuci.2024.05.013
https://doi.org/10.1016/j.jsis.2023.101668
https://doi.org/10.1016/j.jibe.2024.02.006
https://doi.org/10.48550/arXiv.2412.17866
https://doi.org/10.1038/s41598-025-05811-6
https://doi.org/10.1016/j.heliyon.2024.e26210


ACADEMIA International Journal for Social Sciences                                                                

Volume 4, Issue 3, 2025                 ISSN-L (Online): 3006-6638 
 
 

https://academia.edu.pk/                       |DOI: 10.63056/ACAD.004.03.0622|                    Page 3417 
 

Xie, X., Chen, L., & Wang, Y. (2024). How does artificial intelligence affect productivity and 

productive-service agglomeration? Technological Forecasting & Social Change, 198, 122033. 

https://doi.org/10.1016/j.techfore.2024.122033 

Yu, Y., Zhao, Z., & Zhang, L. (2024). Unleashing the power of AI in manufacturing: Implications for 

resilience and performance. International Journal of Production Economics, 270, 109949. 

https://doi.org/10.1016/j.ijpe.2024.109949 

Zhang, Q., Yuan, G., & Tang, J. (2023). China’s national AI development strategy and long-term 

competitiveness. AI & Society, 38, 211–225. https://doi.org/10.1007/s00146-022-01424-8 

 

 

https://academia.edu.pk/
https://doi.org/10.1016/j.techfore.2024.122033
https://doi.org/10.1016/j.ijpe.2024.109949
https://doi.org/10.1007/s00146-022-01424-8

	ABSTRACT
	INTRODUCTION
	Research Background
	Research Problem
	Research Objectives
	Research Questions
	Significance of the Study
	LITERATURE REVIEW
	AI, Industry 4.0, and Productivity Mechanisms
	More recent research placed AI as a cornerstone of industry 4.0, focusing on how it changes sensor-intensive production environments, as well as data-driven service processes, into measurable productivity through automation, prediction and optimizatio...
	An increasing number of studies reported on the use of AI-enabled digital twins and predictive maintenance engines to transparently optimize equipment uptime, equipment quality and equipment energy costs-- key mechanisms that connect AI to productivit...
	Firm-level Performance Evidence
	Supply chains, Agility, and Competitiveness
	RESEARCH METHODOLOGY
	Research Design
	Population and Sampling
	Data Collection Methods
	Instrumentation and Validation
	Data Analysis Techniques

	RESULTS AND ANALYSIS
	AI Adoption Rates Across Industrial Sectors
	Table 1: AI Adoption Levels by Industrial Sector
	Impact of AI on Labor Productivity
	Barriers to AI Implementation
	Economic Impact of AI on Revenue Growth
	Table 4: Reported Revenue Changes Post-AI Adoption
	AI’s Role in Enhancing Industrial Competitiveness
	Projected AI Contribution to GDP Growth
	Table 6: Estimated AI Contribution to GDP (2025–2030)
	DISCUSSION

	In spite of these advances structural difficulties continue. A Lifewire survey showed that most people use AI tools on the job, with 74 % of full time workers now accessing tools like ChatGPT or Gemini, yet with only 33 % being well trained to work on...
	In addition, the influence of AI is not symmetrical in different industries. In the financial services industry, manufacturing analytic/predictive maintenance, and health care diagnostics, savings are realized with immediate significance and measureme...
	Last but not least, as AI is still in the process of transforming productivity and competiveness, the question of governance, dependence of workers, and social relations should be considered. A report led by KPMG cautions that a large portion of the v...
	CONCLUSION
	Recommendations


