Proceedings of the 3rd International Conference on Financial Technology and Business Analysis
DOI: 10.54254/2754-1169/137/2024.18669

The Substitution Effect of Artificial Intelligence

%
53y

Yuna Lin!

'Fujian Jiangxia University, 2 Xiyuangong Road, Minhou County, Fuzhou City, Fujian Province,
China
a. ynlin62@gmail.com
*corresponding author

Abstract: The rapid advancement of artificial intelligence (AI) is reshaping industries
worldwide, particularly its impact on the labor market, which has garnered significant
attention. Al, as an emerging technology, has not only enhanced productivity but also posed
challenges by automating certain tasks, especially in labor-intensive sectors. Studies indicate
that the degree of AI’s influence varies across industries such as finance, manufacturing, and
services, leading to heterogeneous substitution effects. Low-skilled and repetitive jobs in
manufacturing are more susceptible to Al replacement, whereas high-skilled positions are
less affected due to the complexity of the tasks involved. In the service industry, while Al
assists in improving efficiency, human emotional intelligence and complex decision-making
are still required.To address the disruptions Al may cause in employment, policymakers
should focus on vocational training, upskilling, and fostering innovation and entrepreneurship,
helping workers adapt to emerging opportunities. Education and retraining policies are crucial
to mitigating job displacement caused by Al. Additionally, crafting policies that meet the
specific needs of different industries will be key to facilitating the coexistence of Al and
human labor in the future.
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1. Introduction

Artificial Intelligence (Al) represents a paradigm shift in technology, offering transformative
potential across various sectors. From its early applications in automating routine tasks to its current
capabilities in complex decision-making, Al has been a driving force in reshaping industries and labor
markets [1,2]. As Al technologies advance, their potential to substitute human labor becomes
increasingly significant, prompting a need for comprehensive analysis and understanding.

The substitution effect of Al involves the replacement of human labor with Al technologies,
leading to potential job displacement and changes in employment patterns. This effect is evident in
both developed and developing economies, though its manifestations may vary based on local
economic conditions, technological adoption rates, and labor market structures [1]. The academic and
policy debates surrounding Al's impact on employment highlight the complexity of this issue and
underscore the importance of developing strategies to address its challenges.

This paper aims to provide a detailed review of the literature on the substitution effect of Al
examining its impact across different industries and discussing policy measures to mitigate its adverse
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effects. By analyzing various studies and case examples, this paper seeks to offer insights into how
Al is reshaping the labor market and what steps can be taken to manage its impact effectively.

2.  Definition of Al and Its Industry Impact

Artificial Intelligence (Al) refers to the capability of machines to perform tasks that would typically
require human intelligence. These tasks include learning from experience, understanding natural
language, recognizing patterns, and solving complex problems[3]. Al encompasses various
technologies, including machine learning, which allows systems to improve their performance based
on data, and natural language processing, which enables machines to understand and generate human
language [4].

The impact of Al varies significantly across different industries, reflecting the diverse ways in
which Al technologies are applied and the unique characteristics of each sector.

2.1. Financial Sector

In the financial sector, Al technologies have revolutionized risk assessment, fraud detection, and
customer service. Machine learning algorithms analyze vast amounts of data to identify patterns
indicative of fraudulent activity, while Al-driven systems enhance customer interactions through
chatbots and virtual assistants [5]. These advancements have led to increased efficiency and cost
savings for financial institutions.

Despite these benefits, the adoption of Al in finance raises concerns about job displacement.
Routine tasks such as data entry and transaction processing are increasingly automated, potentially
reducing demand for certain job roles. However, Al also creates new opportunities for high-skilled
workers in areas such as data analysis, cybersecurity, and financial modeling [2]. The challenge lies
in managing the transition for workers whose roles are being automated and ensuring they have access
to retraining and upskilling opportunities.

2.2. Manufacturing Sector

The manufacturing sector has undergone significant transformation due to the integration of Al and
robotics. Early research by Acemoglu and Restrepo [6] highlighted the impact of robots on
employment, finding that each additional robot per thousand workers reduced the employment-to-
population ratio by 0.18 to 0.34 percentage points. Robotics and automation have streamlined
production processes, increasing efficiency and reducing labor costs.

However, the impact of Al in manufacturing is not uniform across all job types. Roles that involve
high levels of technical expertise and problem-solving are less susceptible to automation. For example,
positions in advanced manufacturing, such as robotics maintenance and programming, require skills
that are not easily replicated by Al[7]. Conversely, jobs involving routine and manual tasks are more
likely to be replaced by automation.

Case studies from the automotive industry illustrate the dynamic nature of Al's impact on
manufacturing. The introduction of robotic assembly lines has streamlined production processes,
leading to significant cost savings. However, this shift has also resulted in job losses in roles that
involve repetitive tasks. Companies have responded by investing in employee retraining programs to
help displaced workers transition to new roles [8].

2.3. Services Sector

Al's impact on the service sector varies depending on the nature of the services provided. In customer
service, Al-driven chatbots and virtual assistants have improved response times and customer
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satisfaction [9]. While these technologies can handle routine inquiries, human agents are still
necessary for complex interactions that require emotional intelligence and nuanced understanding.

In healthcare, Al enhances diagnostic accuracy and personalized treatment through the analysis of
medical images and patient data. However, human doctors remain crucial for interpreting results and
providing patient care [8]. Similarly, in education, Al tools support personalized learning but do not
replace the need for human educators. Al can provide tailored learning experiences and assist with
administrative tasks, but the role of educators in fostering critical thinking and providing emotional
support remains vital.

3.  Analysis of the Substitution Effect
3.1. By Industry

The substitution effect of Al varies across industries, with some sectors experiencing more
pronounced impacts than others. The following analysis explores the substitution effect in
manufacturing, finance, and services, providing a comprehensive view of Al's impact on employment.

3.1.1.Manufacturing

The manufacturing industry has been significantly affected by Al and robotics, with automation
leading to increased productivity and efficiency. However, this shift has also resulted in job
displacement for workers involved in routine tasks. Research by Brynjolfsson and McAfee
[S]suggests that while automation can replace certain jobs, it also creates opportunities for high-
skilled workers who can manage and maintain advanced technologies.

For example, the introduction of robotic assembly lines in the automotive industry has streamlined
production processes, reducing labor costs and increasing output. However, this shift has led to job
losses in roles that involve repetitive tasks. Companies have responded by investing in employee
retraining programs to help displaced workers transition to new roles within the industry [8]. This
dynamic highlights the need for targeted policies to support workers affected by automation.

3.1.2.Finance

In the financial sector, Al technologies have transformed risk assessment, fraud detection, and
customer service. Al-driven systems analyze large datasets to identify patterns indicative of
fraudulent activity, while chatbots and virtual assistants enhance customer interactions. However, the
automation of routine tasks in finance raises concerns about job displacement, particularly for roles
involved in data entry and transaction processing[2].

The challenge for the financial sector is to manage the transition for workers whose roles are being
automated. While Al creates new opportunities for high-skilled workers in data analysis and
cybersecurity, it also displaces lower-skilled roles. Policymakers and industry leaders must work
together to ensure that workers have access to retraining and upskilling opportunities to facilitate their
transition to new roles within the industry[7].

3.1.3.Services

In the services sector, Al's impact varies depending on the type of service provided. For example, Al-
driven chatbots and virtual assistants have improved efficiency in customer service, handling routine
inquiries and providing personalized recommendations [9]. However, human agents are still
necessary for complex interactions that require emotional intelligence and nuanced understanding.
In healthcare, Al tools support medical professionals by enhancing diagnostic accuracy and
providing personalized treatment plans. However, the role of human doctors remains crucial for
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interpreting results and delivering patient care [8]. Similarly, in education, Al tools assist with
personalized learning and administrative tasks but do not replace the need for human educators. The
integration of Al in these sectors highlights the importance of balancing technological advancements
with the need for human expertise and interaction.

3.2. By Labor Intensity and Capital Intensity

The substitution effect of Al is influenced by the labor intensity and capital intensity of different
industries.

3.2.1.Labor-Intensive Industries

Labor-intensive industries, characterized by repetitive and manual tasks, are highly susceptible to
automation. For example, jobs in manufacturing and agriculture that involve routine physical tasks
are more likely to be replaced by Al technologies[10]. The automation of these tasks can lead to
significant job displacement, particularly for low-skilled workers.

Case studies from industries such as textiles and assembly line manufacturing illustrate the impact
of automation on labor-intensive roles. In these sectors, Al and robotics have replaced manual labor,
leading to job losses but also increased productivity and efficiency[8]. Policymakers must consider
these impacts when developing strategies to support workers in labor-intensive industries.

3.2.2.Capital-Intensive Industries

In capital-intensive industries, where high levels of investment and technical expertise are required,
the impact of Al is less pronounced. High-end manufacturing and technology sectors benefit from
Al's ability to enhance productivity and innovation without significantly displacing existing jobs[7].
In the realm of emerging technologies, several specialized positions, such as those in robotics
maintenance, Al development, and advanced manufacturing, necessitate unique skill sets that are not
readily replaceable by Al

Integrating Al in capital-intensive industries has increased efficiency and reduced operational
costs, but it has also created new opportunities for skilled workers. This dynamic highlights the need
for targeted policies to support workers transitioning from labor-intensive roles to positions requiring
higher levels of technical expertise [1].

4. Policy Recommendations
4.1. Education and Training

Investing in education and training is crucial for helping workers adapt to the changing job market.
Policymakers should support programs that provide reskilling and upskilling opportunities for
workers in industries affected by automation. This includes offering training in digital skills, data
analysis, and Al management [5].

Governments can collaborate with educational institutions and industry leaders to develop training
programs that align with the skills needed in the Al-driven economy. These programs should focus
on providing workers with the knowledge and skills required to transition to new roles within their
industries [11]. For example, vocational training programs can be designed to provide hands-on
experience with Al technologies and prepare workers for emerging job roles.
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4.2. Support for Displaced Workers

Facilitating the successful integration of displaced workers into new employment opportunities in the
wake of Al-driven workforce disruptions is a critical undertaking for policymakers. To ensure a
seamless transition and mitigate the adverse consequences of job displacement, it is imperative to
consider implementing a range of targeted support mechanisms. These may include the provision of
unemployment benefits, the establishment of effective job placement services, and the availability of
career counseling programs tailored to the unique needs and circumstances of affected workers [7].

Governments can establish programs that provide financial assistance and support job search
activities. Additionally, offering career counseling and job placement services can help displaced
workers find new opportunities in emerging sectors[8]. For example, job placement services can assist
workers in identifying job opportunities that match their skills and experience, while career
counseling can provide guidance on career development and job search strategies.

4.3. Encouraging Innovation and Entrepreneurship

Promoting innovation and entrepreneurship can help create new job opportunities and drive economic
growth. Policymakers should support initiatives that encourage the development of new technologies
and business models, fostering a dynamic and competitive economy [1].

Governments can offer incentives for startups and small businesses that develop innovative
solutions and technologies. Supporting entrepreneurship and innovation can help generate new job
opportunities and drive economic growth in sectors impacted by Al [5]. For example, grants and
subsidies can be provided to startups that focus on developing Al technologies or new business
models, fostering a culture of innovation and growth.

4.4. Industry-Specific Policies

Developing industry-specific policies can help address the unique challenges and opportunities
presented by Al in different sectors. Policymakers should work with industry stakeholders to create
policies that support workers and promote responsible Al adoption[11].

For example, in the manufacturing sector, policymakers can promote policies that support worker
retraining and skill development. In the financial sector, policies can focus on ensuring that workers
are equipped with the skills needed to manage and maintain Al technologies[8]. By tailoring policies
to the specific needs of different industries, policymakers can more effectively address the challenges
and opportunities presented by Al.

5.  Socio-Economic Implications of AI-Driven Job Displacement

The integration of Al into various industries has profound socio-economic implications. The
substitution effect of Al can lead to significant shifts in labor markets, affecting employment rates,
income distribution, and economic stability. Understanding these implications is crucial for
developing effective policy responses and ensuring that the benefits of Al are widely shared.

5.1. Employment Rates and Labor Market Dynamics

Al-driven automation can lead to job displacement, particularly in sectors characterized by routine,
manual tasks. Research indicates that automation disproportionately affects low-skilled workers, who
are more likely to experience job loss and wage stagnation [10]. As Al technologies become more
advanced, they are capable of performing increasingly complex tasks, which can exacerbate these
effects.
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For instance, a study by Brynjolfsson and McAfee highlights that while Al and automation can
lead to productivity gains, they can also result in job losses for workers in roles that are easily
automated [5]. This dynamic can lead to a polarization of the labor market, where high-skilled
workers benefit from increased opportunities, while low-skilled workers face reduced job prospects.

5.2. Income Inequality and Economic Disparities

The substitution effect of Al can contribute to widening income inequality. As Al technologies
automate routine tasks, they can lead to job losses and wage reductions for low-skilled workers, while
high-skilled workers in tech-related fields see their incomes rise[1]. This polarization can exacerbate
existing economic disparities, leading to greater income inequality and social stratification.

Case studies from various industries illustrate this trend. For example, in the manufacturing sector,
automation has led to significant job displacement for low-skilled workers, while creating high-
paying jobs in robotics and Al management for skilled workers[8]. Similarly, in the financial sector,
the adoption of Al for tasks such as risk assessment and fraud detection has increased demand for
high-skilled workers with expertise in data analysis and cybersecurity[7].

5.3. Economic Stability and Social Welfare

The displacement of workers due to Al-driven automation can impact economic stability and social
welfare. Job losses and reduced income can lead to decreased consumer spending and economic
instability. Additionally, the strain on social welfare systems can increase as displaced workers seek
unemployment benefits and other forms of assistance.

To mitigate these effects, policymakers must consider strategies to support affected workers and
maintain economic stability. This includes implementing measures such as unemployment insurance,
job retraining programs, and targeted economic support to regions and industries heavily impacted
by Al-driven job displacement[11].

6.  Case Studies and Examples

To illustrate the impact of Al on different industries and job types, we examine several case studies
that highlight the substitution effect of Al and its implications for employment.

6.1. Manufacturing: The Case of Automotive Industry

The automotive industry provides a clear example of Al and automation's impact on manufacturing.
The introduction of robotic assembly lines has transformed production processes, improving
efficiency and reducing costs. However, it has also led to job displacement for workers involved in
routine tasks such as assembly and quality control [6].

For instance, Ford Motor Company has implemented advanced robotics in its production facilities,
resulting in significant productivity gains. However, this has also led to a reduction in the number of
assembly line workers required. In response, Ford has invested in employee retraining programs to
help displaced workers transition to new roles within the company, such as robotics maintenance and
programming [8].

6.2. Finance: The Impact on Banking Sector

In the banking sector, Al technologies have revolutionized processes such as risk assessment, fraud
detection, and customer service. Al-driven systems can analyze large volumes of data to identify
patterns and anomalies, enhancing the efficiency and accuracy of financial operations [9].
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For example, JPMorgan Chase has adopted AI for tasks such as fraud detection and loan
underwriting. While this has improved operational efficiency and reduced costs, it has also led to a
shift in job roles within the company. Jobs involving routine data processing have been replaced by
Al, while new roles in data analysis and Al management have emerged. JPMorgan Chase has
addressed this transition by providing training and development opportunities for employees to
acquire new skills [7].

6.3. Healthcare: Enhancing Diagnostics and Patient Care

In healthcare, Al technologies have been used to enhance diagnostic accuracy and personalize
treatment. Al-driven systems can analyze medical images and patient data to provide diagnostic
recommendations, supporting healthcare professionals in making more informed decisions [8].

For example, IBM Watson Health has developed Al tools that assist doctors in diagnosing diseases
and developing personalized treatment plans. While these tools enhance the capabilities of healthcare
providers, they do not replace the need for human expertise and patient interaction. The integration
of Al in healthcare highlights the importance of balancing technological advancements with human
involvement in patient care[8].

7. Expanded Policy Recommendations

To effectively address the challenges posed by Al and its substitution effect, policymakers need to
develop comprehensive and forward-looking strategies. The following expanded policy
recommendations offer a framework for managing Al's impact on employment and ensuring that its
benefits are widely shared.

7.1. Comprehensive Workforce Development Programs

Developing comprehensive workforce development programs is essential for equipping workers with
the skills needed to thrive in the Al-driven economy. Policymakers should invest in education and
training programs that focus on digital skills, data analysis, and Al management. This includes
supporting initiatives that provide reskilling and upskilling opportunities for workers in industries
affected by automation[5].

For example, governments can collaborate with educational institutions and industry leaders to
create training programs that align with the skills needed in emerging sectors. These programs should
emphasize practical, hands-on experience and provide workers with the knowledge required to
transition to new roles[11].

7.2. Strengthening Social Safety Nets

Strengthening social safety nets is crucial for supporting workers displaced by Al-driven automation.
Policymakers should enhance unemployment benefits, job placement services, and career counseling
to help affected workers transition to new employment opportunities. This includes providing
financial assistance and support for job search activities, as well as offering career counseling and job
placement services|[7].

Additionally, policymakers should consider implementing policies that provide income support
and financial assistance to workers who face long-term unemployment due to automation. This
support can help mitigate the economic impact of job displacement and ensure a smoother transition
for affected workers[8].
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7.3. Fostering Innovation and Economic Diversification

Promoting innovation and economic diversification can help create new job opportunities and drive
economic growth. Policymakers should support initiatives that encourage the development of new
technologies and business models, fostering a dynamic and competitive economy [1].

For example, governments can offer incentives for startups and small businesses that develop
innovative solutions and technologies. Supporting entrepreneurship and innovation can help generate
new job opportunities and drive economic growth in sectors impacted by Al [5].

7.4. Industry-Specific Policy Frameworks

Developing industry-specific policy frameworks can address the unique challenges and opportunities
presented by Al in different sectors. Policymakers should work with industry stakeholders to create
policies that support workers and promote responsible Al adoption [11].

For example, in the manufacturing sector, policymakers can promote policies that support worker
retraining and skill development. In the financial sector, policies can focus on ensuring that workers
are equipped with the skills needed to manage and maintain Al technologies. Industry-specific
policies can help address the unique needs and challenges of each sector while promoting responsible
Al adoption[8].

8. Discussion

The substitution effect of Al is a complex and multifaceted issue that requires careful consideration
and analysis. While Al has the potential to drive economic growth and innovation, it also poses risks
of job displacement and income inequality. The impact of Al varies across industries and job types,
with some sectors experiencing more pronounced effects than others [1,5].

The literature suggests that while Al can replace certain jobs, it also creates new opportunities for
workers with high-skilled roles. The challenge lies in managing the transition for workers whose roles
are being automated and ensuring that they have the skills needed to thrive in the Al-driven economy
[2,7]. Policymakers must develop targeted strategies to support displaced workers and promote skill
development in areas that are less susceptible to automation.

In the context of China's labor market, the substitution effect of Al is influenced by factors such
as the declining demographic dividend and aging population. While Al presents challenges, it also
offers opportunities for economic development and growth. Policymakers must consider these factors
when developing strategies to address the impact of Al on employment and income inequality[11].

9. Conclusion and Future Directions

The substitution effect of Al is a significant and evolving issue that requires ongoing research and
analysis. While AI presents challenges, it also offers opportunities for economic growth and
innovation. Policymakers must develop targeted strategies to address the impact of Al on employment
and income inequality, ensuring that workers are equipped with the skills needed to succeed in the
Al-driven economy.

Future research should focus on further understanding the nuanced impacts of Al on different
industries and job types. This includes exploring the potential for Al to create new job opportunities
and the effectiveness of policy measures in mitigating the negative effects of automation. By
addressing these issues, we can better navigate the challenges and opportunities presented by Al and
work towards a more equitable and inclusive future.
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