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Abstract: Through this research we seek to determine the implications in the relationship between the roles of human capital and the adoption of 
artificial intelligence in industrial revolution 4.0. A qualitative research approach was used. The research approach was qualitative, for it a literature 
review was carried out through the review and analysis of 79 articles related to the variables of the proposed model. The findings suggest that 
companies, postsecondary education institutions and governments should be prepared to re-educate and train the human capital so that they can 
assume the roles that artificial intelligence implies in their areas of work. Manual work will disappear over time, but careers related to administration, 
science, computer science, communications, health and education will become those in greatest demand. Therefore, human capital will not be able to 
possess the accuracy, lightness, and perfection of machines, but it will be able to take advantage of the opportunities that artificial intelligence could 
offer. As in many industrial revolutions of the past, many jobs will disappear, but others will emerge in which human capital will overcome automation due 
to its knowledge, good judgment, critical thinking and decision-making power. 
 
Index Terms: artificial intelligence, human capital, education and training, industrial revolution 4.0   

——————————      —————————— 

1 INTRODUCTION                                                                     

he era of globalization has forced companies to rethink 
and innovate about how they do things (Pisano, 2017). 
Success depends on finding innovative solutions that address 
global problems while meeting the needs of stakeholders 
(Amui et at., 2017). Companies that cannot develop 
innovation, will find it difficult to remain competent in the face 
of the changing conditions of the exogenous and endogenous 
environments that surround them (Vagnoni & Khoddami, 
2016). The saturation of domestic markets, disruptive changes 
in the global economic environment, high levels of 
competitiveness, excess supply over demand, and the 
acceleration of the life cycle of products; will force more and 
more companies and industries to continue integrating new 
technologies to carry out their production processes (Ramírez-
Hurtado et al., 2018; Lombardo et al., 2007; Philbeck & Davis, 
2018; Wisskirchen et al., 2017). Through time, Automation, 
digitization, and technologies have defined the evolution of 
several industrial revolutions which have transformed the 
world of jobs, markets, industries, and even daily life (Kurer & 
Gallego, 2019; Sima et al., 2020). The first industrial revolution 
led to a transition from manual to industrial (Wang & Siau, 
2019). This caused jobs done by people in the agricultural 
industry to be replaced by machines. The second brought 
mass production, the use of electrical energy, and the 
beginnings of automation. While the third revolution allowed 
the optimization of what has already been implemented using 
electronics and information technology. After 1945, the power 
that came from computing, increased so much that it led to 
major technological changes (Arntz et al., 2019). At present, 
the development of artificial intelligence, as well as the fusion 
of technologies such as the Internet of things, Big Data, 
robotics, 3-D printing and quantum computing, have led to the 
postulation and establishment of a new revolution called 4.0. 
According to Pérez et al. (2018), the birth of computing arises 
when Leonardo Torres Quevedo in 1920 developed the first 
mechanical and electromechanical calculating machines. After 
this development and the Second World War, the theory of 
automata was developed. With which the first information 
processing machines were conceived which performed four 
basic operations: generate, encode, store, and expose 
information. Then, based on the work carried out by Ramón y 
Cajal on neurons, modern neuroscience was born in 1960. 
McClulloch and Pitts first created an artificial neuron which 
later led to the development of the first computational 

intelligence algorithm better known as the ―perceptron‖ (Pérez 
et al., 2018; Ernst et al., 2019). This set the stage for Von 
Neumann to initiate experiments on modern computers and for 
John McCarthy (Dartmouth College), Marvin L. Minsky (MIT), 
Nathaniel Rochester (IBM) and Claude Shannon (Bell 
Laboratories) will present their research project called artificial 
intelligence (Chen et al., 2016; Pérez et al., 2018 and Dick, 
2019). From that moment, this group of researchers indicated 
that through this branch of computing, intelligent machines 
would come to simulate, function, or even react like human 
beings (Ernst et al., 2019). Therefore, artificial intelligence 
according to its definition is the development and execution of 
scientific studies on the creation of computers that through 
algorithms could think, interact, and do things like human 
beings (Dirican, 2015; Rouhiainen, 2018). However, unlike 
people, devices that must work with artificial intelligence do 
not have to rest, they handle large amounts of data and the 
possibility of making mistakes compared to humans is much 
lower (Rouhiainen, 2018). Despite the innovative nature of the 
project, many scientists and researchers of that time 
presented their reservations and indicated that they did not 
agree with artificial intelligence devices (Pérez et al., 2018). An 
example of this was Herbert Simon, Nobel laureate in 
economics in 1978 (Leahey, 2003). Simon exposed his 
concern about what he understood to happen in the future 
because of artificial intelligence. According to Ernst et al. 
(2019), Simon indicated that machines would be capable, 
within twenty years of doing any work that a man can do. On 
the other hand, proponents of the expert systems field rejected 
the premise that artificial intelligence was based solely on rule-
governed reasoning (Dick, 2019). These offered a different 
explanation about what could be artificial intelligence and the 
theory of knowledge. Others were interested in carrying out 
projects for automatic recognition of machines through 
patterns that could reproduce digital communication in an 
organized way through artificial neurons. This project did not 
happen as soon as expected and thirty-four years of research, 
invention and investment had to pass so that in the 1990s, 
with the help of fields such as statistics, smarter machines was 
developed (Pérez et al., 2018; Dick, 2019). During that 
decade, high-speed trains controlled by fuzzy logic were built 
to appliances with advanced technology and levels of 
intelligence (Pérez et al., 2018). IBM developed the Deep Blue 
chess program in 1997, which was able to defeat world 
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champion Gary Kasparov (Haenlein & Kaplan, 2019). It was 
found that during the competition, 200 million possible moves 
per second could be processed and through the method called 
tree search it was possible to determine what the opponent's 
next move would be. With the inclusion of many other 
sciences including engineering, the rapid adoption of the 
internet and mobile technologies, the advancements in the 
development of intelligent agents and robots; have been 
impressive. It can be said that after the year 2000 a new 
rebirth for artificial intelligence emerged (Duan et al., 2019). By 
2021, sixty-five years after this project was exposed for the 
first time, it is possible to understand that machines with 
artificial intelligence perform actions or tasks that used to 
require the intervention of human persons (Liu et al., 2018). 
This represents progress and advances, but, although they 
contribute to society and industries, they could also represent 
great changes, especially in the world of work (Petropoulos, 
2018; Wang & Siau, 2019). There are many areas in which 
intelligence has replaced mental rather than physical tasks as 
it did in the industrial revolutions of the past. For this reason, 
there is a lot of concern and questions about what may 
happen. 
 

2 STATEMENT OF THE PROBLEM 
Organizations are constantly searching for the perfect formula 
that allows them to obtain a competitive advantage that 
ensures their permanence and sustainability in the markets 
(Pisano, 2017; Amui et at., 2017). Part of the elements that a 
company has to achieve these objectives are human capital, 
which according to the literature are the main source of 
competitive advantage of an organization (Bedarkar & Pandita, 
2014) and technology (Kurer & Gallego, 2019). The latter has 
currently played a fundamental role not only in the progress of 
modern life, but also in the development of organizations and 
nations (Sima et al., 2020). Even technology has always been 
the engine of development of human society since the 
beginning of civilization. Although technology has facilitated 
the survival, comfort, and tranquility of society, it has also 
brought unrest (Kurer & Gallego, 2019). For example, the 
recent introduction of technological advances related to 
artificial intelligence (AI) have created in humanity a general 
fear of the possible loss of jobs, labor polarization and the rise 
in inequality (Ernst et al., 2019). Many analysts warn that 
these advances will cause substantial and significant changes 
in the world of work in the coming decades (Ernst et al., 2019; 
Meda, 2017; Petropoulos, 2018; Wang & Siau, 2019; Arntz et 
al., 2019; Goos et al., 2019). However, these concerns are not 
new, they had already been exposed by Maynard Keynes in 
the 1930s when he postulated the theory of technological 
unemployment to explain that these changes would precisely 
induce job loss (Petropoulos, 2018). Therefore, Dagnaw 
(2020) expressed that more research is required on the use 
and problems that the acquisition of artificial intelligence can 
cause in an organization. Ormerod (2021) carried out and 
investigation to know how artificial intelligence would affect 
practices in operating romos.  Ormerod found that there is an 
urgent need to develop a better understanding and knowledge 
about this phenomenon. For its part, the World Economic 
Forum in the article by Adriana Bora and David Alexandru 
Timis made a worldwide call to analyze, investigate, and study 
the possible consequences that may arise in industries and 
society due to the implementation of artificial intelligence 

(WEF, 2021). They understand that it is imperative to know 
what effects these advances could bring, so that they do not 
cause replacement of jobs, abuse of power, or inequalities. 
Accordingly, Wang & Siau (2019) understood that, although 
the technical aspects of artificial intelligence deserve attention 
and research, the most important thing is to study the 
implications that these technologies can cause to human work, 
society, and humanity. This indicates that the future of work 
and humanity are at least as important or more important than 
the technical aspects of artificial intelligence. Thus, Popenici & 
Kerr (2017) indicated that it is also necessary to seek to know 
what the ethical implications would be and the level of 
weakening of the wealth of knowledge due to the possible 
replacement of human capital by artificial intelligence. The 
application and integration of artificial intelligence seem to be 
unlimited, thus in 2015 the University of Oxford investigated to 
learn about the results that this could cause and found that in 
the next 20 years, 47% of the employees of the United States 
and 35% of the United Kingdom could be at risk of being 
displaced (Frey & Osborne, 2017). On the other hand, Ernst et 
al. (2019) indicated that developing countries such as China, 
India, Thailand, and Ethiopia could have higher risks of job 
losses, since on this side of the world artificial intelligence has 
been implemented in more areas and industries. Therefore, at 
present, the changing demand on the technological work skills 
that an employee must have is beginning to be appreciated, 
which is creating uncertainty about the fate that workers will 
have in the labor markets of the future (Arntz et al., 2019; 
Goos et al., 2019). This is difficult to perceive, since human 
beings have become accustomed to living surrounded by 
computers at home, at work, at the bank, on trips, among 
others (Ernst et al., 2019). They rarely stop to think how many 
jobs could have been lost due to said intervention, even 
everything seems to be so normal that there is no human 
thought that establishes a differentiation between interaction 
with humans or with a machine (Ernst et al., 2019; Dagnaw, 
2020). For this reason, Wang & Siau (2019) indicated that 
these technologies that have marked unprecedented footprints 
in history, since they are blurring the lines between the 
physical, biological and digital spheres. 
 

3 Objectives 
THE OBJECTIVE OF THIS RESEARCH IS TO DETERMINE THE 

IMPLICATIONS OF ARTIFICIAL INTELLIGENCE IN THE ROLE OF HUMAN 

CAPITAL IN THE INDUSTRIAL REVOLUTION 4.0. 
 
3.1 RESEARCH QUESTION 
 
1. WHAT IMPLICATIONS COULD ARTIFICIAL INTELLIGENCE HAVE ON 

THE ROLE OF HUMAN CAPITAL IN THE 4.0 INDUSTRIAL REVOLUTION? 
 
2. WHAT ARE THE ARTIFICIAL INTELLIGENCE FACTORS THAT COULD 

INFLUENCE THE ROLE OF HUMAN CAPITAL IN THE 4.0 INDUSTRIAL 

REVOLUTION? 
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4 CONCEPTUAL MODEL 

 
Source: Developed by the authors 

 
4.1 Artificial Intelligence 
In the modern world, it could be thought that the subject of 
artificial intelligence is one that has been discovered and 
coined recently (Haenlein & Kaplan, 2019). There is a long 
history that accompanies such an important discipline of 
computing. Smartphones, smart digital assistants, speech and 
image recognition, natural language processing, machine 
translations, algorithms for e-commerce, autonomous cars, 
medical systems to diagnose pathologies of patients, and tele 
customer support assistants are made possible by artificial 
intelligence (Ernst et al., 2019). There are two levels of 
artificial intelligence: weak and strong. Weak artificial 
intelligence is dedicated to solving specific problems, it is 
simply the simulation of decision making (Martínez, 2019; 
Strong, 2016). It can turn big data into information that can be 
used to detect patterns, behaviors, or make predictions 
(Wisskirchen et al., 2017). As Pérez et al. (2018) these 
systems can become extremely efficient in their own field, as 
they are dedicated to reproducing observed behavior as 
accurately as possible. This can be found on digital platforms 
such as Facebook, Amazon, Cortana, Apple's Siri, 
autonomous cars and industrial robots which have intelligent 
systems that have spam filters, recommendation systems and 
virtual assistants. Filters to detect spam are another example 
because through algorithms information received can be 
directed directly to the junk mail or Junk mail tray (Martínez, 
2019). Strong artificial intelligence is closer to what we know 
as human intelligence, so it is closer to decision-making or to 
an intelligence superior to human (Martínez, 2019; Porcelli, 
2020 and Strong, 2016). For this reason, it is described as a 
system endowed with real consciousness capable of 
reasoning or thinking almost like people (Pérez et al., 2018). 
At present, this only exists in science fiction, since machines 
have not been able to overcome the cognitive capacities, the 
self-consciousness of human beings and even these do not 
have real feelings. However, researchers are constantly 
searching for how to develop a strong artificial intelligence or 
super intelligence with which multiple tasks can be carried out 
at the same time (Wang & Siau, 2019). From these 
investigations to become viable, tangible and real project then 
strong artificial intelligence would surpass humans in almost all 
cognitive tasks. Artificial intelligence is a concept that 
influences and is influenced by many disciplines such as 
computer science, engineering, biology, psychology, 

mathematics, statistics, logic, philosophy, business, and 
linguistics (Kumar et al., 2016). Some of these technologies 
called subfields that affect this discipline are: 
1. Automatic Learning (Machine Learning in English): It 
arises in the 80s and is a subset of techniques that allow 
technological "software" systems to store in memory a series 
of information with which the machines establish patterns to 
operate or execute certain tasks automatically or offer 
predictions (Wang & Siau, 2019; Nguyen et al., 2019). 
However, this does not mean that the machine acquires 
human knowledge or wisdom (Raj & Seamans, 2019). These 
techniques include Support Vector Machines (SVM), decision 
trees, Bayes learning, k-mean clustering, association rule 
learning, regression, neural networks, and many more. 
 
2. Deep Learning (Deep Learning in English): It began to 
be developed in 2006 and it is fundamental for the 
development of artificial intelligence (Sejnowski, 2020; Du et 
al., 2016). This learning was developed taking into 
consideration Frank Rosenblatt's perceptron architecture. It is 
formed by groups of high-level algorithms that try to model or 
imitate the neural network of the human brain (Sejnowski, 
2020; Vázquez & Constable, 2019). They are complex 
algorithms in various layers of "neurons" that feed on a large 
amount of data capable of recognizing images, speech, and 
natural language to perform tasks without human intervention 
(Porcelli, 2020). Deep learning networks have been able to 
recognize speech, photo captions, and even translate text 
between languages with high levels of accuracy (Sejnowski, 
2020). This can be observed in detail in the technologies of: 
 
• Natural Language Processes (Natural Language 
Processes in English): The main objective of this technology is 
to understand and analyze through the engineering of models 
and computational processes large amounts of data that have 
to do with the understanding of the language and 
communication of humans (Goldberg et al., 2020; Otter et al., 
2020). The most used and popular applications include 
automatic translation between languages, summary of written 
works, extraction of useful information about entities or 
companies, question response systems or sentiment analysis 
such as social networks (Goldberg et al., 2020; Otter et al., 
2020). This technology is based on data that uses statistical 
and probabilistic calculations in conjunction with machine 
learning. 
 
• Automatic speech recognition (Speech Recognition in 
English): It has existed for more than three decades, and its 
objective is to convert human language into a useful format for 
computer applications (Lu et al., 2018). This technology can 
be seen in voice service applications, assistance for the 
disabled, voice dictation, in mobile phones, in cars, in on-
board navigation equipment with Internet and others 
(Benkerzaz et al., 2019). Currently, companies such as 
Microsoft, Amazon and Apple invest large amounts of money 
in research for improvements and more advanced 
developments of this technology, since it is used in their 
commercial products such as Cortana, Alexa, and Siri among 
others (Fantinuoli, 2017). 
• Visual recognition (Visual Recognition in English): 
Through algorithms and methods such as convolutional neural 
networks, automatic encoders and scattered and restricted 
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Boltzmann machines, it has been possible to recognize and 
locate faces, people, objects, images, videos, places (Liu et 
al., 2020). 
 
3. Robotics: It is a component of artificial intelligence 
and is the branch of mechanical, electrical, electronic, 
biomedical engineering and computer science that seeks to 
develop machines that can automatically perform complex 
actions or tasks (Wang & Siau, 2019). Robotics is made up of 
several subsystems such as: locomotion actuators, 
manipulators, control systems, sensors, energy sources, 
quality software (Jones et al., 1998). The result is the creation 
of intelligent robots or mechanical creatures (Raj & Seamans, 
2019). Robots are currently classified into three categories: 
robotic arms, mobile or hybrid robots (Porcelli, 2020). 
According to the International Federation of Robots, these can 
be called industrial or services (IFR, 2020). According to an 
international industrial group focused on commercial robotics, 
an industrial robot is defined as a reprogrammable 
multipurpose manipulator, automatically controlled, 
programmable in three or more axes, which can be fixed or 
mobile for use in industrial automation applications. According 
to the ISO 8373 standard and the International Organization 
for Standardization, service robots are those that perform 
planned and useful tasks for humans and that do not require 
their intervention (IFR, 2020). These robots can have partial or 
total autonomy and can be used for multiple personal or 
professional uses. 
 
4. Expert system: They are machines capable of 
collecting and emulating the knowledge and thoughts of the 
expert human resource in a specific area through the 
reasoning of knowledge (Strong, 2016). These systems are 
programmed and fed with specific data on how the human 
expert solves certain problems through a logical flow of yes or 
no questions (Tan, 2017). According to Strong (2016), these 
systems are made up of three parts: 
 
• Knowledge or neural network: all the information, 
rules, data, and relationships they need are stored. 
• Inference engine based on fuzzy logic: searches the 
database for information related to the problem presented, 
analyzes it and responds to the requestor with a solution or 
recommendation just as a person would. 
• Norms or rules: links the given conditions to the final 
solution. 
 
5. Big Data (Big Data in English): It is used to describe 
huge amounts of structured, unstructured, and semi-structured 
data that cannot be processed or analyzed through the use of 
traditional tools (Benke & Benke, 2018; Moreno, 2014). So far, 
the volume of data or its nature has not been relevant. What is 
important is the potential value that this information would 
have for new technologies (Moreno, 2014). On the other hand, 
the challenge of Big Data is to capture, store, search, share 
and add value to the large volume of data collected from 
various sources worldwide (Benke & Benke, 2018). The 
Gartner consultant Doug Laney twelve years ago defined this 
technology as the three Vs of Big Data, but in subsequent 
years two more were included (Benke & Benke, 2018; 
Moreno, 2014). These are: 
• Variability (Lack of structure, consistency, and 

context) 
• Variety (audio files, images, numerical data and text 
data from mobile devices, audio, video, GPS systems, 
countless digital sensors in industrial equipment, cars, electric 
meters, wind vanes, anemometers, etc.) 
• Speed (real-time processing and with high capacity 
and transmission speed) 
• Veracity (that the answer is too fast and precise) 
• Volume (extremely large data group) 
All these technologies have marked a great advance in 
developments related to artificial intelligence. However, current 
results remain limited, as artificial intelligence has not been 
able to achieve functions such as self-understanding, self-
control, self-awareness, and self-motivation (Lu et al., 2018). 
Despite this, the fact that artificial intelligence has transcended 
borders and it is used in areas such as medicine, commerce, 
law, science, education, manufacturing, and others cannot be 
ignored (Strong, 2016). Another advantage in favor of mass 
production is that by using intelligent machines they are 
connected all the time and if a mistake is made, all 
autonomous systems would take it into account and prevent 
he same mistake from being repeated the next time (Lu et al., 
2018). In addition, another advantage is the easy transfer 
between machines of already programmed knowledge and the 
arbitrariness and neutrality in decision-making which will be 
based on facts and not on human emotions (Strong, 2016). 
Many companies in Asia have become world leaders in 
artificial intelligence. South Korea and Singapore, for example, 
have the largest number of robots and artificial intelligence in 
the operations of their companies (Johnson & Tyson, 2020). 
Singapore pursues the goal of becoming the first nation with 
the most artificial intelligence in the world. At present, it is 
Japan that holds such worldwide recognition. In this country, 
artificial intelligence is even used in the care of the elderly. 
According to the IBA Global Employment Institute, small and 
medium-sized companies may not replace employees by 
adopting artificial intelligence or automation technologies 
(Wisskirchen et al., 2017). Everything will depend on the hiring 
of qualified personnel to manage the systems and the financial 
capacity that SMEs may have to acquire new technologies. 
These researchers indicate that only 12% of jobs in SMEs in 
the United States could be affected by the adoption of these 
technologies. Research has been carried out to find out the 
opinions on the impact that artificial intelligence has to cause 
worldwide (Johnson & Tyson, 2020). According to the World 
Economic Forum, the more people interact with artificial 
intelligence in their daily lives, the more positive they see it 
and the more they support it (Hawksworth, 2018). Asian 
countries are the most supportive of these advances. The 
survey conducted in late 2019 and early 2020 revealed that 
72% from Singapore, 69% from South Korea, 67% from India, 
66% from Taiwan, 65% from Japan, 60% from Spain and 60% 
from Sweden believe that artificial intelligence is positive for 
society (Johnson & Tyson, 2020). In the United States and the 
United Kingdom, opinions are varied, some think that it is a 
good thing, but that it is also bad. However, in France the 
results indicate that society understands that the integration of 
artificial intelligence is negative. Although artificial intelligence 
offers great advances and technological scope with which 
many complex economic and social problems could be solved, 
there is also a long way to go that allows us to better 
understand the dilemmas that may arise (Porcelli, 2020). So 
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far, in the world of work, those with higher levels of education 
and who have taken science courses are the most supportive 
of artificial intelligence and automation in the workplace (WEF, 
2021). However, the disruption in the labor world of the 4.0 
industrial revolution for which artificial intelligence is its 
greatest driver is in a very early stage, for this reason more 
research is needed to know its implications (Duan et al., 
2019). Although there is still a long way to go, artificial 
intelligence has advanced to such levels that it has the power 
to even provoke a technological revolution that is understood 
to impact the economic, social, and military systems (Leyva-
Vázquez & Smarandache, 2018; Ormerod, 2021). Ng (2018) 
affirms that today artificial intelligence is the electricity that 
revolutionized industries 100 years ago. 
 
4.2 Industrial Revolution 4.0 
Technological progress has been the engine of the 
development of human society since the beginning of 
civilization (Sima et al., 2020). For academics, technological 
changes have always been the spearhead of their concerns. 
For this reason, part of the research carried out recently is 
aimed at studying the marked and constant changes in how 
humans interact with technology and artificial intelligence 
(Philbeck & Davis, 2018). This patent behavior has led to the 
emergence of a new industrial revolution called 4.0 (Philbeck 
& Davis, 2018; Wisskirchen et al., 2017). However, this is 
preceded by three revolutions that marked history with the 
implementation of innovative technologies used in their 
respective times for the development of products and services 
(Philbeck & Davis, 2018). Each of them led to forceful changes 
around the world allowing humanity new ways of acting, 
thinking and perceiving life. The first emerged around 1800 in 
the UK when the power of steam marked the transition from 
manual to mechanized production (Porcelli, 2020; Philbeck & 
Davis, 2018). For the first time, goods and services were 
produced by machines (Wisskirchen et al., 2017, Sima et al., 
2020). The first railways, mining, heavy industry, and steam 
were created. This caused social clashes and riots as 
machines began to displace human capital from their work 
areas. The second industrial revolution began in the late 19th 
century between 1867 and 1914 in the United States (Philbeck 
& Davis, 2018). This introduced electricity, mass 
manufacturing, the telephone and the specialization of workers 
in certain areas (Porcelli, 2020; Wisskirchen et al., 2017; 
Morrar et al., 2017). Aviation was ventured and this in turn 
allowed products to be transferred from one continent to 
another. After World War II and the Great Depression came 
the third industrial stage called the digital revolution (Porcelli, 
2020). It was distinguished by information technologies and 
the power of data. It gave way to the development of nuclear 
energy, the double helix, research, the development of space 
science and the automation of processes through electronics 
to achieve greater production of goods and services (Porcelli, 
2020; Philbeck & Davis, 2018). After the 1970s, with the arrival 
of personal computers and the Internet, global connectivity 
was achieved, the reduction of many manual labor steps and 
value was given to the data and information extracted by 
technology. All this progress resulted in the replacement of 
human labor by serial production machines and strengthened 
the context of what is now becoming known as the Industrial 
Revolution 4.0 (Morrar et al., 2017). This revolution was 
introduced in 2016 by Klaus Schwab, founder and CEO of the 

World Economic Forum, when he published his book entitled 
The Fourth Industrial Revolution (Philbeck & Davis, 2018; 
Sima et al., 2020; Hudson, 2017). It is used to frame and 
analyze the impact of emerging technologies on 
manufacturing, society, national political attitudes, international 
relations and economic development (Philbeck & Davis, 2018; 
Sima et al., 2020; Dopico et al., 2016). According to Sima et 
al. (2020), in this stage the economic and social 
transformations do not have their origin in the discovery of a 
new form of energy but are based on a technological 
phenomenon. Computing, robotics, advanced materials, 
genetic modifications, the Internet of Things (IoT), drones, 
neurotechnology, autonomous vehicles, intelligence and 
machine vision are increasingly being integrated into physical 
spaces, social and political. Changing not only personal life but 
also professional life, since now the interaction between 
machines and people is being emphasized (Sima et al., 2020). 
According to Philbeck & Davis (2018), human behavior is 
being altered, creating changes in their identity and in the 
ways in which they appreciate the world.  Therefore, Dopico et 
al. (2016) indicated that this new industrial era is directly linked 
to artificial intelligence, with which it is intended to make 
systems discover their environment to meet the demands of 
consumers or society individually. This exposes that the 
production lines of the future will need automation to access 
endless data and information that is generated from the 
environment to meet the requirements of consumers with little 
interaction with them. Therefore, Schwab (2017) emphasized 
that industry 4.0 is one of the most important leaps for 
industries and the global economy. Schumacher et al. (2016) 
and Wang et al. (2016) emphasized that the industrial 
revolution 4.0 is a combination of advanced technologies that 
use the internet and intelligent machines that are combined 
with human beings to carry out a series of technical 
manufacturing processes that generate constant value chains. 
Wang et al. (2016) expressed that the smart factory helps to 
implement a sustainable production mode that allows facing 
global challenges. This supports the progressive 
implementation of technical advances to enable the integration 
of so-called industry 4.0 technologies to obtain smart factories. 
Hyun Park et al. (2017) outlined the fact that many countries 
are preparing and implementing national strategies so that 
industries can cope with the changes brought about by the 
industrial revolution 4.0. For example, Germany implemented 
a plan to promote automation and data sharing in 
manufacturing technologies such as cyber physical systems, 
the internet of things (loT), and cloud computing. The United 
States adopted a strategic plan for advanced manufacturing. 
China for its part announced the implementation of a plan 
called "China Manufacturing 2025" with which it seeks to 
become a manufacturer of quality rather than quantity. 
Similarly, Korea introduced the strategy known as "Industrial 
Manufacturing Innovation 3.0" with which it seeks to integrate 
manufacturing, but under an innovation scenario. Schwab 
(2017) indicated that in all industries there is clear evidence of 
technologies that support the fourth industrial revolution as 
entrepreneurs seek new organizational structures that allow 
them to improve their products, innovate and meet customer 
expectations to serve them better and better. Likewise, it 
states that the same adjustments must occur in governments. 
Otherwise, all those who do not embrace the disruptive 
changes that allow efficient and transparent work structures 
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will face fighting for their survival. The world, jobs, people's 
daily lives and future jobs have to change before the arrival of 
this new industrial revolution 4.0 (Schwab, 2017). Our identity, 
privacy, consumption patterns, the notion of what is owned or 
not, the time we dedicate to work, leisure, meeting other 
people and even cultivating relationships will be affected. The 
industrial revolution 4.0 will bring many advances, but also 
disadvantages (Sima et al., 2020). Automation will lead to the 
substitution of human capital for machines and technology. 
This could lead to reduced creativity as devices are 
programmed to do a task regardless of the consequences. 
Interpersonal relationships, the environment, data security and 
the quality of things that are produced could be affected. 
Schwab (2017) understanded that humanity will witness 
profound changes in all areas. However, the expertise, 
knowledge and capacities of human capital are still required to 
manipulate, configure, make decisions, and properly operate 
automated and intelligent systems (Sima et al., 2020). 
 
4.3 Human capital 
According to Lee et al. (2016) and Prajogo & Oke (2016), the 
skills and knowledge of human capital can be one or the most 
important investment of the company. These are the most 
distinctive and inimitable resource that companies can have, 
through which they can manipulate and transform other 
organizational resources effectively (AlQershi et al., 2019). 
These have a level of creativity, skills and knowledge that 
allow the development of ideas or projects that reside and are 
used by organizations (Prajogo & Oke, 2016; Lee et al., 2016). 
For companies, human capital could be their most important 
asset, through which and with their knowledge they can create 
wealth for the business (AlQershi et al., 2019). In previous 
research, during the past ten years, human capital has been 
identified as a key element to achieve the expected 
organizational performance (Suroso & Anggraeni, 2017; 
AlQershi et al., 2019). His preparation, determination and 
possession of the required knowledge related to the company 
make him worthy of being a key piece to respond effectively to 
changing market conditions (Suroso & Anggraeni, 2017; 
Bornay-Barrachina et al., 2017). Through their intervention and 
organizational knowledge, they have been able to solve 
specific problems of the companies for which they work 
(Prajogo & Oke, 2016). This is not expected to change over 
time, but with the expectation of the early arrival and incursion 
of artificial intelligence and the industrial revolution 4.0 in 
companies, the number of employees hired by them could be 
lower (Sima et al., 2020; Wisskirchen et al., 2017; Raj & 
Seamans, 2019). This according to Raj & Seamans (2019) 
and Ernst et al. (2019) is due to the fact that advances in 
technology historically are those that have defined the 
organizational structures of the workforce and work 
environments. Therefore, machines over time have replaced 
humans in the performance of routine, tedious and repetitive 
tasks. However, not all tasks can be carried out by machines, 
robots or artificial intelligence, but the need to hire workers will 
be less and less (Wisskirchen et al., 2017). For example, in 
the United States, 47% of the total employee population are at 
risk of losing their jobs due to the intervention of intelligent 
algorithms or a robot (Wisskirchen et al., 2017; Raj & 
Seamans, 2019). According to Raj & Seamans (2019) in 
Germany 59% of the workforce could be susceptible to 
automation and in Finland 35% of jobs present a high risk of 

substitution. Everything will depend on the differences 
between countries, training requirements, supervision, 
production capacity, tax incentives and social benefit systems 
(Ernst et al., 2019). In other cases, it may be that the 
employee continues to provide services to his employer, but 
with a job description adjusted to the new needs of the 
organization. Since the objective of artificial intelligence is to 
simulate or exceed human intelligence, the similarities or 
differences that exist between the two should be considered. 
Currently, for artificial intelligence to develop concepts, 
inferences, or strategies, it is necessary to program and inject 
large amounts of data so that they can be successful and carry 
out their actions (Gauglitz, 2019). Today, even with new 
programming tools, self-learning algorithms, almost unlimited 
computing power, and neural networks, artificial intelligence 
has not been able to recognize patterns and identify intentions 
outside the parameters of its original creation. However, 
humans, due to their human intelligence, could understand, 
judge and reason in different events, conflicts or situations 
(Gauglitz, 2019; Wisskirchen et al., 2017). According to Lee et 
al. (2016) and Prajogo & Oke, (2016), the skills and 
knowledge of human capital can be one or the most important 
investment of the company. These are the most distinctive and 
inimitable resource that companies can have, through which 
they can manipulate and transform other organizational 
resources effectively (Barney, 1991, AlQershi et al., 2019). 
They have a level of creativity, skills and knowledge that allow 
the development of ideas or projects that reside and are used 
by organizations to create innovation and wealth for the 
business (Prajogo & Oke, 2016; Lee et al., 2016). Computers 
will be invincible with the handling of extravagant amounts of 
data and advanced control of experiments, but human 
intelligence will always be superior to artificial intelligence 
(Gauglitz, 2019). Therefore, it is important to recognize the 
importance of human capital in the face of the arrival of an 
industrial revolution that has been quickly accepted by 
international companies which only seek positioning, 
production and high-quality standards (Sima et al., 2020). At 
this stage, training, creativity, critical thinking, and knowledge 
of human capital will be the basis for the development of this 
new industry, as well as their own. 

 
7 METHODOLOGY 

 
7.1 Type of Research 
To carry out this research, a qualitative study was carried out 
with the purpose of deepening the knowledge about how 
artificial intelligence in the 4.0 industrial revolution could have 
an impact on the transformation of the roles of human capital. 
It was also sought to detail the properties, characteristics, and 
important features of the phenomenon under analysis. 
According to Hernández et al., (2014) this type of study seeks 
to discover or refine research questions in an interpretation 
process without using numerical data. In the case of this 
research, two research questions were asked. The qualitative 
study that was carried out is exploratory, since through the 
existing literature in peer-reviewed journals it was sought to 
expand the state of knowledge on the subject studied (Hair et 
al., 2016). Seventy-nine articles were reviewed and analyzed 
on topics related to the industrial revolution 4.0, artificial 
intelligence and human capital from 2014 to 2021. This with 
the interest of establishing the implications of artificial 
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intelligence in the role of human capital in the industrial 
revolution 4.0 and find the possible factors that influence this 
relationship. 
 
7.2 Acknowledgments 
The preferred spelling of the word ―acknowledgment‖ in 
American English is without an ―e‖ after the ―g.‖ Use the 
singular heading even if you have many acknowledgments. 
Avoid expressions such as ―One of us (S.B.A.) would like to 
thank ... .‖ Instead, write ―F. A. Author thanks ... .‖ Sponsor and 
financial support acknowledgments are included in the 
acknowledgment section. For example: This work was 
supported in part by the US Department of Commerce under 
Grant BS123456 (sponsor and financial support 
acknowledgment goes here). Researchers that contributed 
information or assistance to the article should also be 
acknowledged in this section. 

 
8 CONCLUSION 
 
8.1 Findings 
At the heart of the Industrial Revolution 4.0 it is artificial 
intelligence, automation, digitization, and communication and 
information technologies, which are changing the way 
corporations conduct their operations (Sima et al., 2020). 
Artificial intelligence that leads to the automation of many 
processes, questions about its promises and the effects that 
have accompanied its advances for a long time are not a new 
phenomenon (Manyika et al., 2017). According to the research 
carried out by the Faculty of Informatics of the University of 
Gondar in Ethiopia, globalization and competitiveness are the 
elements that are forcing companies to rethink about the 
processes of how they do things (Dagnaw, 2020). Recent 
studies argue that companies will adopt artificial intelligence to 
carry out their production processes and serve their 
customers. According to Makridakis (2017), within twenty 
years many industries will have implemented artificial 
intelligence. For this, Dagnaw (2020) in his research 
concluded that companies to take advantage of the 
opportunities offered by artificial intelligence and the industrial 
revolution 4.0 must be prepared as well as their workers. 
According to the literature review outlined above, there are 
many artificial intelligence factors that influence the definition 
of these new roles that human capital has to assume. Among 
them are the speed of intelligent machines, accuracy, easy 
transfer of programmed knowledge, constant work without 
interruptions, neutrality in decision-making free from emotional 
influences and the possibility of zero errors. These factors 
become great and impossible challenges for human capital to 
achieve. Therefore, human capital will then have to possess 
skills to work with automation, digitization, and technology. In 
addition, they must have good judgment, critical thinking, and 
decision-making power, since they will be required to carry out 
complex tasks in different work teams (Wisskirchen et al., 
2017). Today, the employees who fear job automation the 
most are those whose formal education is precarious (Sima et 
al., 2020). Therefore, Sima et al. (2020) in their research on 
the influence of the industrial revolution 4.0 on the 
development of human capital revealed that universities will 
have to temper themselves to meet the new requirements for 
academic preparation that society must need to be able to 
insert and meet the demands of industry 4.0. Ernst et al. 

(2019) pointed out that the careers with the greatest demand 
that will be required will be related to the areas of science, 
computer science, communications, health, and education. 
For this reason, certain professions of physical and routine 
work that are currently known in the coming decades will 
disappear (Sima et al., 2020). A new generation of intelligent 
machines, driven by rapid advances in artificial intelligence 
and robotics, could gradually replace a large proportion of 
existing human jobs (Hawksworth, 2018). Everything will 
depend on the activities, professions, salaries, and skill levels 
that companies require from human capital (Manyika & 
Bughin, 2018). Some forms of automation will increase the 
requirement for highly qualified employees, medium-skilled 
jobs will also be required on a smaller scale, which will 
produce a polarization effect. Basically, all professions whether 
they are highly skilled workers or will not be affected at some 
point by automation. Ormerod (2021) in his research carried 
out to know how artificial intelligence would affect practices in 
operating rooms, found that it can take decades for artificial 
intelligence to dominate and replace the jobs of professionals 
in an operating room. But nevertheless, this indicates that time 
will not prevent the adoption of automation and artificial 
intelligence processes in the future. While some new jobs 
would be created as in the past, the concern is that there may 
not be enough work for everyone (Hawksworth, 2018). The 
company McKensy & Company carried out an investigation to 
evaluate the impact that may arise from the adoption of 
artificial intelligence and the industrial revolution 4.0 taking into 
consideration a period of dates from 2016 to 2030 and found 
that about 15% of the workforce globally it could be displaced 
(Manyika & Bughin, 2018). Likewise, Manyika et al. (2017) in 
recent research found that globally about 1.1 billion active 
employees could be replaced by automated processes and 
artificial intelligence. Still, there are a few economic, political, 
regulatory, and organizational factors that could significantly 
block or delay automation (Hawksworth, 2018). Ernst et al. 
(2019), Sima et al. (2020), Porcelli (2020) and Hawksworth 
(2018) recommend that when artificial intelligence dominates 
work areas, companies should assume a leading role by 
providing their employees with the opportunity to re-educate 
and train in areas related that are less easy to automate, but 
also allow them to stay active at work. This will imply that 
human capital reinvents itself so that it can assume new roles 
more directed to jobs that have to do with the intellect and less 
or nothing with the manual. For this to happen, authors in 
recent research recommend that governments should support 
higher, continuous, and advanced education centers in their 
countries so that the labor needs that companies of the so-
called industrial revolution 4.0 will require can be met (Sima et 
al., 2020; Porcelli, 2020 and Ormerod, 2021). Consequently, 
Jordan (2019) expressed that academia and researchers will 
play a fundamental role in the establishment of innovative 
techniques for the implementation and implementation in 
companies of the industrial revolution 4.0 and artificial 
intelligence. It indicates that they will also contribute with their 
contributions and perspectives on how all these advances will 
impact disciplines such as the humanities, social sciences, 
statistics, and others. Artificial intelligence will arrive and 
although it will not happen overnight, it will bring positive and 
negative things with it (Ormerod, 2021; Porcelli, 2020; Ernst et 
al., 2019). For its part, although human capital is and will be 
the most important resource for companies, the greater the 
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automation, the lower the demand for workers. And the lower 
the demand, the higher the requirements to hire highly 
qualified employees (Wisskirchen et al., 2017). 
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