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Chapter 1
Vital Characteristics of The Ongoing
Fourth Industrial Revolution

In the late 1890s, Thomas Edison was developing a nickel-iron battery when his friend, Walter
Mallory, visited his laboratory and asked, “Isn't it a shame that with the tremendous amount
of work you have done, you haven't been able to get any results?” To this Edison quipped,
“Results! Why, man, I have gotten lots of results! I know several thousand things that won't
work” [101]. Given that Benjamin Franklin and others discovered electricity in the 1750s and
Michael Faraday showed how to produce electricity in the 1830s, it still took innovators several
decades to invent new gadgets for humans to use electricity. Indeed, such innovations and
their commercialization would not have been possible without inventors’ relentless pursuit to
innovate. And as discussed throughout this book, this feature constitutes one of the hallmarks

of all scientific and industrial revolutions.

During the last three hundred years, the world has witnessed three industrial revolutions.
As will be discussed in this chapter, all these revolutions had eight characteristics in common.
In December 2015, Klaus Schwab mentioned that we are amidst the fourth revolution [102].
Throughout, this book provides ample evidence that since 2011, these eight characteristics
have been exhibited by society and the scientific community, thereby implying that the fourth
revolution began in 2011 and is continuing vigorously. Unsurprisingly, these characteristics

will manifest even more during the next few decades.

This chapter is organized as follows. Section 1.1 briefly discusses key inventions of the current
industrial revolution which will be discussed later in detail. Since all industrial revolutions are
based on scientific discoveries, it is important to understand the structure of scientific revolu-
tions which is discussed in Section 1.2. Sections 1.3 through 1.8 discuss eight shared character-
istics of previous industrial revolutions, and how these characteristics are exhibiting them-
selves in the current revolution. The first three characteristics are discussed in Section 1.3. Two

of these characteristics were vital for each industrial revolution because one led to the creation
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of a new infrastructure, whereas people used another pervasively. Section 1.4 contends that it
usually takes a substantial amount of time for scientific innovations to percolate through
human society. However, since revolutions usually create euphoria and hype, Section 1.5
discusses the boom-and-bust cycles that often occur during the process. Section 1.6 argues that
once these key inventions seep into society their effects are significantly more than anticipated
by their inventors. Section 1.7 examines how these revolutions upended the status quo and
created new jobs while destroying older ones, thereby impacting society immensely. The role
played by various governments in these revolutions is the eighth characteristic and is dis-
cussed in Section 1.8. Finally, Section 1.9 concludes by depicting the interplay between scien-

tific and industrial revolutions and their implications for the current industrial revolution.

1.1. Key Inventions of The Current Industrial Revolution

Each previous industrial revolution is marked by the rise of several new inventions, and the
existing revolution is no different. Given here are the key inventions of the current and fourth

industrial revolution:

Generation, Distribution, Cleansing, Harmonization, and Use of Data — Although data is mul-

tifaceted and markedly different than electricity (to be discussed further in chapter 12), its
infrastructure is like that of electricity, which is produced at generating stations, transmitted
via wires and cables, modified at sub-stations (e.g., by reducing voltage), and then used by
organizations and individuals. Similarly, datasets are produced by a plethora of sources, trans-
mitted via electronic communication, stored in personal devices or those that are on the Inter-
net or Intranets, cleansed, transformed (e.g., harmonized with other datasets), and then used

for improving workflows, processes, and other inventions.

Artificially Intelligent (Al) Systems Becoming Pervasive — Al systems try to mimic non-trivial

human tasks with high accuracy. Although Al systems were invented in the 1950s, their ram-
pant commercialization only became possible in 2011. And today, Al systems are analogous to

electric motors which come in numerous forms and sizes.

Internet of Things (IoT) — IoT includes sensors and devices that collect and transmit data typi-
cally via the Internet or Intranets. For example, a video camera and an internal fire sprinkler
may cover a portion of an office to collect data and then send that data to a computer that can

determine if there is a fire in that office.
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Inventions Related to Predicting, Mitigating, and Adapting to Climate Change — Undeniably,

the rapid rate of climate change will be catastrophic for human society, especially if it is left
unchecked. Hence, several inventions are coalescing around predicting, mitigating, and adapt-

ing to rapid climate change.

Blockchains — Instead of being centralized systems like banks, Blockchains are comprised of
decentralized systems for conducting financial and non-financial transactions where the entire
community is in charge (rather than a few entities), and where all transactions are immutable,
auditable, and transparent. The digital currency related to financial blockchains is called cryp-

tocurrency.

Metaverse — Virtual Reality (VR) is a simulation of a three-dimensional world that people
experience after wearing special headsets or similar equipment. The computer gaming and
entertainment industries are already using VR. In its simplest form, Metaverse extends this

concept to allow buying, selling, and renting of virtual real estate.

Robotics, Driverless Vehicles, and Three-Dimensional (3D) Printing — Substantial improve-

ments with respect to Robotics, autonomous vehicles, and 3D printing have already occurred,
and many more will occur during the next ten to fifteen years. For example, 3D printing is

already being used to build new Robots.

Key Inventions Related to Healthcare — Researchers are discovering new and exciting ways to

edit genes, fold proteins, and discover new drugs, a lot of which are being powered through
Al

Quantum, Graphene, Photonics, and Other Computing Methods — Since we are reaching phys-
ical limits regarding the underlying hardware, researchers are pursuing other avenues
for complementing classical computing. Most promising among these include Quantum,

Graphene, and Photonics computing.

Eventually, all industrial revolutions are built on scientific inventions and discoveries. Accord-
ingly, these industrial revolutions can sometimes slow down if the corresponding advances in
science and engineering have stalled. Hence, scientific revolutions are required to get out of

this quagmire, and their structure is briefly discussed next.
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1.2. The Structure of Scientific Revolutions

A revolution refers to a fundamental change in the way of thinking about or visualizing some-
thing, a change of paradigm, a changeover in the use or preference, especially in technology,

or a movement designed to effect fundamental changes in the socioeconomic situation.

In 1962, Thomas Kuhn published a book titled, The Structure of Scientific Revolutions [103]. In his
book, Kuhn provided a thesis about how scientific revolutions occur, which is briefly dis-

cussed here, and which will be discussed within the context of Al in Chapters 2 and 17.

Science Works with Paradigms: In Kuhn’'s viewpoint, “normal science” works within
“paradigms.” These are philosophical and theoretical frameworks of a scientific discipline
within which theories, laws, and generalizations are formulated and experiments performed.
Roughly speaking, paradigms are “theoretical belief systems” followed by scientists at any

given point of time.

The Process of “Normal Science” and Occurrence of Anomalies: Once a group of scientists
begins to follow a paradigm, Kuhn believed that “normal science” aims at expanding the cur-
rent paradigm. However, at some point in time, this expansion ends because one or more
anomalies are observed. A crisis occurs when several anomalies become inexplicable and lead
to an “explicit discontent ... and the debate over fundamentals.” In other words, the status quo
with the current paradigm (i.e.,, with the current theoretical belief system) does not help in

resolving these anomalies, and the quest begins to find a new one.

New Paradigms Are Adopted: Eventually, scientists provide new ideas that lead to the
creation of new paradigms. Once the new paradigms begin to resolve current anomalies and
paradoxes, they foment a “revolution” by creating a fundamental change in the way scientists
think. Soon, many begin to follow the new paradigm (i.e., the new theoretical belief system).

After which, these steps are repeated.

For example, in Physics, the Copernican Revolution helped Copernicus, Galileo, Newton,
and others in creating a new paradigm. Roughly speaking, this paradigm implied that an
entity can be either matter or a wave but not both. This paradigm worked well and was even
expanded for two centuries but eventually ended in anomalies and paradoxes that confounded
Physicists in the 1880s. In the early 1900s, Albert Einstein provided special and general theo-
ries of relativity, and Max Planck introduced quanta which led to the field of Quantum
Physics. These new paradigms implied that in various experiments, an entity can demonstrate

properties related to matter at one point of time and that of a wave at another. Indeed, these
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new paradigms were so radical that they not only toppled the Copernican paradigm, but they
even shook Einstein up, who stated, “God does not play dice with the universe.” A sentiment

to which Neils Bohr retorted, “Einstein, stop telling God what to do with his dice” [104].

Regarding the fourth industrial revolution, such a scientific revolution occurred in the 1950s
that led to the genesis of Artificial intelligence. This genesis will be discussed in detail in
Chapter 2. Furthermore, Chapter 17 contends that although research in Al has made signifi-
cant strides and is now being commercialized enormously, the most general form of Al may

not be achieved without another scientific revolution.

1.3. The Structure of Industrial Revolutions and
Three Key Characteristics

During the last three centuries, three industrial revolutions occurred between 1760-1840,
1870-1914, and 1950-2010 respectively. A good way to understand the fourth revolution and its
characteristics is to give examples of these characteristics from previous revolutions. Hence,
this section discusses the following three traits and their distinct presence in each of these

revolutions.

One Key Invention Led to Creating a New Infrastructure — In each industrial revolution,

within a few decades, one invention led to the creation of a new infrastructure which became

an integral part of the infrastructure and human society.

Cambrian Explosion of Another Key Invention — Almost simultaneously, in each industrial

revolution, another invention had its own “Cambrian” explosion and became ubiquitous. The
Cambrian explosion of living species started approximately 540 million years ago and lasted
for roughly twenty million years. Before this period, most organisms were individual cells or
were small and multicellular in nature. During the Cambrian period, diversified and complex
multicellular organisms started appearing in large numbers, and the variety of life became
substantially more complex and began to look like it is today. Like the Cambrian explosion,
each industrial revolution had its own equivalent with one invention becoming abundantly

diversified and appearing in numerous forms, structures, and sizes.

Each Revolution Was Marked by Several Key Inventions — Many inventions constituted each

revolution, and many others were created almost simultaneously and in conjunction with

each other. Moreover, these innovations were created several decades after the corresponding
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scientific revolutions in Physics, Chemistry, and other sciences because innovating them was

laborious and time-consuming.

The First Revolution (1760-1840) took place primarily in Britain. The two iconic inventions of
this era included (a) the generation, distribution, and use of steam and (b) the introduction and
diversification of steam engines. By the end of this revolution, the invention related to efficient
generation and distribution of steam had become a part of the enabling infrastructure, and

most inventions in Britain and elsewhere used steam power.

In 1776, James Watt markedly improved the steam engine that was developed earlier by
Thomas Newcomen [105]. The new steam engines were so efficient that they began to be used
in conjunction with other inventions, thereby transforming some of the largest industries
(e.g., textile manufacturing, machine tools, cement, chemicals, flour, paper, distilleries, water-
works, and canals). Due to the inventions by Trevithick, Stephenson, and others in the early
1800s, steam-powered locomotives started transporting passengers and freight, and steam-
powered boats and ships began carrying goods across canals, rivers, and the seas. By the end,
steam engines had their equivalent of a Cambrian explosion and became so pervasive that

including them in other inventions was a cakewalk.

Additionally, key inventions of this revolution included the spinning jenny, water frame,
and the spinning mule. James Hargreaves, Richard Arkwright, Samuel Crompton, and several
others kept improving these inventions for decades until they made textile manufacturing
more efficient and less laborious [106]. Notably, all these inventions relied on the fundamentals
that were created during scientific revolutions, specifically the Copernican revolution several

decades earlier.

The Second Revolution (1870-1914) was led by the United States and Europe. The two most
widespread inventions of this era included (a) the generation, distribution, and use of electrici-

ty and (b) the introduction as well as the diversification of electric motors.

The backbone of this revolution was the generation, distribution, and use of electricity. By the
mid-1920s, this infrastructure had become a vital part of society’s infrastructure and people

had started using electricity in numerous ways.

Simultaneously, electric motors had a Cambrian explosion and began to be built in diverse
forms, shapes, and sizes. Today, motors are everywhere and usually invisible. In fact, their
worldwide market is expected to be 220 billion US Dollars by 2030 and they are so deeply em-

bedded that including them in a new gadget is a no-brainer [107]. For example, motors are
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