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Chapter 1

Digital Disruption and the 
Fourth Industrial Revolution
The Evolution of Digital 
Technologies

We are living in an era defined by remarkable tech-
nological advances. Since the mass adoption of the 
personal computer in the 1980s, we have seen and 
lived through many changes in our work and leisure 
activities. Significant shifts have taken place in the 
economy, finance, businesses, education, government, 
health care, manufacturing, charity, and even art as 
the result of developments in digital technologies. 
Particularly notable is how quickly those digital tech-
nologies have evolved. To name a few examples, while 
floppy disks sound archaic, they were widely used 
throughout the 1990s, only three decades ago. Their 
storage capacity of the 3.5-inch floppy disk was 1.44 
MB. Today’s much smaller USB drive holds 128 GB or 
more. It was less than thirty years ago, in August 1991, 
that the very first web page on the World Wide Web 
by Tim-Berners Lee went live.1 Now, we can no longer 
imagine the world without the World Wide Web. It has 
become a platform for almost every human activity. It 
was in 2007 that Apple’s iPhone, the first smartphone 
that enabled people to fully access and navigate the 
World Wide Web, was released. Less than a decade 
later, the smartphone became ubiquitous.

With the exponential increase in computing power, 
digital technologies are continuing to advance at a 
rapid pace. Recent breakthroughs in machine learning 
techniques of artificial intelligence (AI) have enabled 
machines to take on tasks that had been regarded as 
things only humans could perform. Such tasks include 
image classification, translation, speech recognition, 
and medical diagnosis. Virtual reality systems, such as 
HTC Vive and Oculus Rift, have become affordable for 
the consumer electronics market. A drone, which used 
to be an obscure military technology, is now widely 
used for recreational and commercial purposes. Syn-
thetic biologists are building genetic circuits and bio-
logical parts to assemble organisms, hoping to make 
biology and electronics fungible.2

Digital Disruption

These technological advances have brought signifi-
cant changes in many fields. The term digital disrup-
tion tries to capture this all-encompassing impact of 
today’s fast-advancing digital technologies on our 
society. It refers to “an effect that changes the fun-
damental expectations and behaviors in a culture, 
market, industry, or process that is caused by, or 
expressed through, digital capabilities, channels, or 
assets.”3 The emphasis is placed on the nature of the 
change. Digital technologies are disruptive in that 
they drive changes in the expectations and behaviors 
of both consumers and businesses, which are funda-
mentally different from those in the past. There is no 
shortage of examples of digital disruption around us.

Amazon Go, Amazon’s brick-and-mortar store, is 
a good example. The first Amazon Go store opened in 
2018. In appearance, an Amazon Go store is not much 
different from many other physical stores where food 
items are stocked on shelves for shoppers to browse 
and purchase. But it has neither a cashier nor a check-
out line. Shoppers at an Amazon Go store simply grab 
the items that they want to buy, and Amazon auto-
matically charges their credit cards when they leave 
the store. How is that possible?

Leading-edge digital technologies, such as sen-
sor fusion, computer vision, and deep learning algo-
rithms, are brought together to make this “Just Walk 
Out Technology” a reality.4 An Amazon Go store is 
fitted with many cameras and sensors that track an 
item’s location, weight, temperature, and so on, and 
with computing devices that process the data from 
those sensors and cameras.5 These electronics detect 
changes when a shopper takes a product from the shelf 
or returns it and keep track of the picked-up item in 
a virtual cart. When shoppers enter or exit the store, 
they scan a QR code with the Amazon Go app on their 
smartphones. This allows the store to identify shop-
pers and mark the beginning and end of each shop-
ping trip. When a shopper leaves the store, Amazon 
automatically charges their credit card for the items 
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taken and sends a receipt. At the time of this writing, 
there are seventeen Amazon Go stores, and six more 
are planned in Chicago, New York City, San Francisco, 
and Seattle. Amazon intends to open as many as three 
thousand stores by 2021.6

The Amazon Go store offers advantages to both 
shoppers and Amazon. Time-constrained shoppers 
will no doubt welcome the fast shopping experience 
without having to wait in a long line to check out. 
Shoppers also no longer need to carry a means of pay-
ment, such as cash or a credit card. The Amazon Go 
app on a smartphone is all that is needed. This will be 
quite convenient for those who have not planned to 
shop but have a few things to buy. If they happen to 
pass an Amazon Go store, they may drop in for a short 
visit. To Amazon, an Amazon Go store also presents 
a clear value proposition. With everything automated 
and handled by sensors and computing devices includ-
ing the checkout process, Amazon does not have to 
hire cashiers nor many store clerks, thereby saving on 
wages. Since the store needs much less labor to oper-
ate, it can stay open for longer hours at a much lower 
cost, which is likely to increase the revenue. In addi-
tion, the store requires much less space since it does 
not need checkout stands and space for lines, yet it 
can handle a large number of shoppers because their 
shopping trips will be completed much more quickly 
without the separate checkout process.

It would not have been possible to realize these 
benefits without the necessary digital technologies. 
In that sense, technology has been pivotal in creating 
this type of new business opportunity and customer 
experience. Thus, digital technologies can make busi-
nesses operate differently than they had in the past. 
An Amazon Go store’s everyday operation depends on 
the performance of the software and hardware com-
ponents of the store. Without them, it cannot function 
as a store at all. By contrast, store clerks and man-
agers are much less important because sensors and 
data analytics can generate needed information to 
optimize the store operation without requiring much 
input or help from those store clerks and managers. 
Naturally, Amazon will invest heavily in the IT side 
of the Amazon Go store and prioritize it over the HR 
side.

New types of businesses, such as Amazon Go, may 
also lead to different expectations from customers. 
People will no longer care much about the cheerful 
attitude and the helpfulness of store clerks. While 
those have been traditionally important factors for 
customer satisfaction, a store that does not require a 
separate checkout process makes them simply irrel-
evant. Instead, the smooth functioning of the Amazon 
Go app and the accurate and fast tracking of picked-
up items become crucial to a good shopping experi-
ence. Shoppers at an Amazon Go store will also spend 
much less time than at other physical stores. For this 

reason, they are likely to be less interested in how spa-
cious or nice the store is.

Right now, not many people shop at an Ama-
zon Go store, so their experience is not the typical 
shopping experience. But imagine a future in which 
all stores would work like the Amazon Go store. We 
can immediately see how this would change the way 
we live our lives and organize our daily activities. A 
smartphone would be a must-carry item since it would 
function as a de facto wallet. There would be no more 
anonymous purchases because all shopping activities 
and purchased items would be associated with the 
person who picked up and paid for them. Since the 
store would track every item’s location on the shelf in 
real time, shoppers would be instantly able to check 
if an item was in stock, and if so, exactly where in the 
store it was placed. Even at peak times, stores would 
be much less crowded since people would not have to 
wait to check out. Stores would become very comput-
ing-heavy as they would be fitted with a large number 
of sensors, cameras, and other electronics to detect 
purchases. They would also no longer be designed as 
spaces where people roam around and explore. Stores 
would be used more and more like large vending 
machines, where few store staff would be around and 
shoppers would be quick to arrive and leave with the 
items that they needed.

The Fourth Industrial Revolution

What the Amazon Go store accomplishes may appear 
to be simply reducing shopping time. But we need to 
observe a more important trend here. For the first time 
in human history, machines are starting to perform 
not only physical and mechanical but also cognitive 
tasks. Digital technologies have been increasing auto-
mation in many areas. But now, with the recent break-
throughs in AI, automation is spreading to areas that 
used to be seen as the exclusive domain of humans.

Two MIT economists, Erik Brynjolfsson and 
Andrew McAfee, named this phenomenon “the sec-
ond machine age” in the book of that title published in 
2014.7 In the book, they stated that the industrial rev-
olution was the first machine age, in which machines 
complemented humans by performing physical labor; 
now we have entered the second machine age, in 
which the automation of cognitive tasks substitutes 
for rather than complements humans. In their more 
recent 2017 book, Machine, Platform, and Crowd, 
McAfee and Brynjolfsson argued that many decisions, 
judgments, and forecasts currently made by humans 
should be turned over to algorithms, with humans 
sometimes in the loop and other times completely out 
of the loop.8 They acknowledged that incomplete or 
biased data can produce faulty algorithms whose use 
generates erroneous or unfair results. But they also 
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see intelligent machines complementing the weak-
nesses of inaccurate and irrational human decisions 
and judgments often resulting from the so-called 
“System 1,” the fast and intuitive part of the human 
brain that operates automatically but cannot be logi-
cally scrutinized or turned off at will.9

The fourth industrial revolution is another con-
cept that attempts to capture this phenomenon of the 
all-encompassing and fundamental changes brought 
on by digital technologies. The advocates of the 
term fourth industrial revolution distinguish today’s 
era from the computer or digital revolution, which 
began with the developments of semiconductors in 
the 1960s and was further catalyzed by the spread 
of mainframe computing, personal computers, and 
the Internet in the 1970s, 1980s, and 1990s respec-
tively. They observe that the first industrial revolu-
tion mechanized production, using water and steam 
power; the second industrial revolution created mass 
production with electricity and the assembly line; 
the third industrial revolution automated production 
with electronics and information technology.10 The 
fourth industrial revolution began at the turn of the 
twenty-first century and is characterized by a much 
more ubiquitous and mobile internet; smaller, more 
powerful, and cheaper sensors; and AI, particularly 
machine learning.11 Klaus Schwab, author of the 2016 
book, The Fourth Industrial Revolution, emphasized 
that what differentiates the fourth industrial revolu-
tion from the previous digital revolution is not sim-
ply a multitude of novel technologies—such as 3-D 
printing, gene sequencing, nanotechnology, renew-
able energy, and quantum computing—but the fusion 
of these technologies and their interaction across the 
physical, digital, and biological domains.12

The idea that the recent advancement in digi-
tal technologies has reached a qualitatively distinct 
stage of digital revolution is becoming more widely 
accepted as new digital technologies bring changes 
that are much more rapid and comprehensive than in 
the past to the way we live, work, and interact with 
one another. As Schwab argued, the newest technolo-
gies are indeed blurring the lines between the physi-
cal, digital, and biological spheres. They are also dis-
rupting almost every industry in every corner of the 
world, transforming entire systems of production, 
management, and governance.13

In the following chapters, I will highlight some 
of the areas where such digital disruption is already 
blurring the lines between the physical, digital, and 
biological spheres. I will also examine what kind 
of transformations today’s digital technologies are 
enabling in production, management, and governance. 
Lastly, I will discuss how those changes, disruptions, 

and transformations will impact libraries. How can 
libraries and library professionals prepare for the dig-
ital disruption? How can libraries adopt and utilize 
new technologies to make library services, programs, 
and operation more successful and innovative and at 
the same time contribute to social progress? If we are 
indeed at the dawn of the fourth industrial revolution 
as some argue, then now is certainly a good time to 
ask these questions.
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