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Machine and deep learning can be supervised, unsupervised, and reinforced.
In the first, the program is given data (that has already been labelled by
humans or other machines), which establishes the subject to be learnt; in the
second case, there are no labels, and the program just finds patterns in data
according to rules. In the third version, artificial intelligence independently
tests various solutions and selects the best to achieve a set goal. The poten-
tial of reinforced learning was shown in 2016, when AlphaGo, a program
developed by Google’s DeepMind team, defeated a South Korean Go cham-
pion (Go is an ancient Chinese game that is much more complex than
chess). The program, fed with data on games previously played by humans,
learned to play at a master’s level in just three days, playing a million rounds
with itself. But the real breakthrough was heralded by AlphaGo Zero.® The
self-learning neural network was given no previous data — it independently
tested various solutions and selected the best to achieve a set goal. Just like
Alpha Go in three days achieved the master level of a human, AlphaGo
Zero in 40 days learned how to beat all its predecessors. Such impressive
reinforced learning involves huge amounts of computational power, and
the cost of training deep neural networks are exorbitant.** Widespread rolling
out of this technology requires further advances in computing and the design
of the algorithms themselves.

It is worth noting that today’s artificial intelligence in no way resembles the
type which science-fiction films would have us imagine. Successes in the field
of building strong (deep) Al, i.e., a machine whose intellectual abilities are
indistinguishable from human intellectual abilities, are so modest that some
experts doubt whether it is possible at all.¥” No matter: the economic, social,
and political implications of rolling out of the applied or narrow AI, which
relies on advanced information processing, are revolutionary enough. Kai-Fu
Lee, author of the book AI Superpowers: China, Silicon Valley, and the New World
Order (2018),% and one of the foremost experts in artificial intelligence, who
was also the creator of one of the first speech recognition programs, claims that
the development of artificial intelligence will proceed in four waves:

e Internet Al is already widely used today. It consists of user-profiling rec-
ommendation algorithms that learn from the masses of data about what a
particular person does on the web. This type of Al is responsible for cor-
rectly tailoring ads, recommending products (Amazon, Alibaba), proposing
new content (YouTube), optimising user involvement through natural lan-
guage processing and computer image processing, and labelling users.

e Business Al is increasingly being used. Algorithms can bring together
threads in historical data that a human could never have associated with
each other, and discover hidden correlations between data and events,
something which is used in the banking and insurance sectors, and which
is beginning to be used in the health service and the judicial system. This
allows organisations to optimise expenses, minimise losses, and better tailor
loans and insurance policies.
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*  Perceptive Al is on the way, thanks to which the virtual world will merge
with the real world. Ubiquitous sensors of the Internet of Things will allow
artificial intelligence to gain senses, accelerating Al’s evolution. This kind
of artificial intelligence ‘will bring the convenience and abundance of the
online world to offline reality’ and will pave the way for smart factories,
homes, and shops, as well as intelligent consumption.

*  Autonomous AI will be able to feel and respond to the real and virtual
worlds surrounding it, move and act productively, and optimise its own
actions. An example of this will be, for instance, drones, which thanks to
computer image processing will be able to recognise and destroy weeds
growing amongst crops. Alternatively, heat-resistant drones will extinguish
fires on their own, or — most incredibly of all-humanoid robots will be used
in everyday life and the army.

In simple terms, artificial intelligence is tantamount to intelligent algorithms,
most often based on supervised learning, that allow for faster and cheaper
searching, analysing, matching, recommending, and predicting. Ajaj Agrawal,
Joshua Gans, and Avi Goldfarb in aptly argue that the intelligence they offer
is rather of ‘Central Intelligence Agency’ kind, not the ‘human intelligence’
kind.* But it is more than enough to revolutionise the operational and business
models of the companies (and the operations of other kinds of institutions). The
IT companies from nine countries surveyed by Deloitte in 2020 claimed that
the Al technologies allow for ‘making processes more efficient’ and enhance
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Figure 1.9 Global Al market size (in billion USD, 2015-2023).
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existing products and services. And most importantly, rolling out Al to auto-
mate, optimise and enhance the tasks of human workers no longer requires
building an expensive inhouse software infrastructure — it can be bought in the
cloud. Only one in five surveyed companies invested more in building than
buying the Al potential.”

Further democratisation of Al is provided by automated machine
learning (AutoML): a company may buy a ready model of machine learning,
which was already trained (it usually takes weeks and requires in-house data
science expertise) and its outcomes were analysed.’! ‘Al for hire’ is becoming
the flagship product of the biggest technological companies. There is an unpre-
cedented symbiosis going on here: it was only the emergence of huge data sets
that enabled the application of artificial intelligence. No wonder that the com-
panies to pioneer intensive investment in this area have been corporations such
as Amazon, Google, and Facebook, which have access to vast amounts of client-
generated data.”? Amazon empbhasises that without machine learning it ‘couldn’t
grow its business, improve its customer experience and selection, and optimise
its logistic speed and quality’.”? In 2020 the 57% of its operating income was
generated by Amazon Web Services, which offer, among others, the cloud-
based Al services such as Amazon Lex (which enables building automated con-
versational interfaces into applications) or Amazon Rekognition (that allows
for image analysis).”* Google declares that machine and deep learning are a
priority for the company because they allow it to apply ‘Al to products and to
new domains, and developing tools to ensure that everyone can access A’
On its own website AI Google sports stories on how Al may help to advance
social good. Facebook Al Research, meanwhile, is headed by Yann LeCunn, a
French computer scientist who is one of the fathers of deep learning. His team
say they are committed ‘to advancing the field of machine intelligence and are
creating new technologies to give people better ways to communicate’.”® One
of the instances of their work is GrokNet, a system that develops image rec-
ognition for commercial purposes.” Access to operational Al becomes easier
and cheaper even for small and medium companies, forming the necessary
conditions for digital transformation.

The properties of the digital economy

Now it is the time to get back to the properties of the digital economy and
brave another approximation at its definition. Digital economy builds on the
basis of the internet economy — it takes computerisation, automation, and
internet connectedness to the next level of ubiquitous computing via
digital devices, intelligent automation everywhere, and platformisation.
It is also characterised by the extraordinary pace of innovation. As we have
shown earlier in this chapter, digital devices such as smartphones consist of four
layers: device (hardware), connection (network), service (software), and content
(data). Innovations may appear on each layer independently, and they frequently
enhance each other, producing yet another innovation. The truly transformative
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innovations now are less often in the device or network, but in the way software
and data are used. As noted by Hal Varian, Google’s chief economist,

Now what we see is a period where you have Internet components, where
you have software, protocols, languages, and capabilities to combine these
component parts in ways that create totally new innovations. The great
thing about the current period is that component parts are all bits. That
means you never run out of them. You can reproduce them, you can
duplicate them, you can spread them around the world, and you can have
thousands and tens of thousands of innovators combining or recombining
the same component parts to create new innovation. So there’s no shortage.
There are no inventory delays. It’s a situation where the components are
available for everyone, and so we get this tremendous burst of innovation
that we're seeing.”®

The innovations in software and content contribute to the development of new
organisational and business models. As we will show in the next chapter, the
innovative business model of platform revolves around the use of an ingenious
algorithm and abundant data. More and more companies deftly use the poten-
tial of data and networks to optimise their functioning by adopting the ‘data
first, Al-first’ rule. Digital models and solutions now permeate almost every
sector of the economy in most countries, from service industries to manufac-
turing, and agriculture. As a result, we are seeing a change in the functioning of
the market for production factors, the market for goods and services, the finan-
cial system, enterprises, governments, and households.” Consumption, produc-
tion, and work are all being revolutionised by multiple digital transformations
propelled by datafication and datafied networks.

Datafication

Datafication is a growing tendency to create digital representations of
ever more areas of the real world in order to derive value from information
obtained.'” It involves extracting useful insights from data about a phenom-
enon or a process with the support of analytical tools. The word refers to the
practical results of the virtuous circle between the growing amount of data and
the growing application of intelligent algorithms. For example, I have recently
datafied my sleep by wearing a smartband at night that measures my sleep effi-
ciency. In the morning, a smartphone application tells me how well I slept.
Now I know that I sleep better than 60% of users but wake too many times
during the night. Perhaps I will put this information to use and quit drinking
coffee after 8 pm. Individuals have access to more and more data, which they
can use to make life-related, professional, and consumer decisions.

But the real beneficiaries of datafication are elsewhere. Companies — from
corporations to small and medium-sized enterprises — have never before
faced such a spate of data, data which can be used to increase productivity,
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Figure 1.10 The mechanisms of datafication.

Source: Own elaboration.

optimise business processes, improve management, make more accurate real-
time decisions, personalise products, adjust offerings, and expand into new
markets.'”" This data can be bought, but it is also generated by those using a
company’s products and services and churned out during production in indus-
trial facilities kitted out with the Internet of Things. As Erik Brynjolfsson, dir-
ector of the MIT Initiative on the Digital Economy, notes: ‘More and more
important assets in the economy are composed of bits instead of atoms’, and
therefore data should be treated as a completely new type of capital:

Computing hardware used to be a capital asset, while data wasn’t thought
of as an asset in the same way. Now, hardware is becoming a service people
buy in real time, and the lasting asset is the data.!*

It had been said, with only slight exaggeration, that data have become for
the modern economy what coal and steel were initially for the industrialised
economy, followed by oil in the 20th century. Data not only affect the efficiency
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of doing business; they also determine the development of new business
models, solutions and economic relations.!® Treated as capital, data have a host
of interesting properties:

*  They are non-fungible — a single data set cannot be replaced by another,
because it contains completely different information. Products such as
barrels of oil are completely replaceable.

*  They have a non-rivalrous nature — a single data set can be used simultan-
eously by many algorithms or applications and analysed without losing its
basic value. Meanwhile, money or a piece of equipment/infrastructure can
be used by only one actor at a time.

*  The value of a data set is equal to the information it contains, and so this
value can be assessed only after obtaining the information. However, the
information acquired can be easily replicated. By contrast, the value of a
durable good can be attained only by taking possession of it; merely having
information about it is useless.'"*

This huge resource is not always properly appreciated, priced, or even noticed.
Tom Godwin’s witticism has gone down in legend;in 2015 he stated that:‘Uber,
the world’s largest taxi company, owns no vehicles. Facebook, the world’s most
popular media owner, creates no content. Alibaba, the most valuable retailer, has
no inventory. And Airbnb, the world’s largest accommodation provider, owns
no real estate. Something interesting is happening’'® He was clearly right.
Companies like Uber, Alibaba, and Airbnb do not have tangible resources, but
they have gigantic resources of data and the technology to derive economic
value from it. According to researchers from MIT, many companies ‘are light
on physical assets but heavy on data assets’.'" Specifically, standard economic
indicators find it hard to capture the specificity of the new business models
being developed by tech firms and platforms. A financial audit carried out at
Facebook for 2011 showed the company had $6.3 billion of resources: com-
puter hardware, office equipment, and other items. The value of the data in
its possession was deemed by the auditors to be worth precisely zilch.'”” This
failure of standard economic indicators to deal with the new reality shows
how new technologies and the deluge of data are driving a radical change in
economies.

The ability to derive value from data is increasingly determining firms’ com-
petitive position in the market through the development of intelligent services
and products (personalisation), automation of business processes, new ways of
building networked relationships, and data-driven management (new business
models).

At the most basic level, more efficient and faster analysis of large data sets
allows organisations to optimise decision-making processes. Intelligent automa-
tion makes faster, more accurate, and cheaper analysis available to an increasing
number of companies, including those that cannot afford to employ a team
of researchers. Better still, the analysis is as easy as using a spreadsheet. A com-
pany may, for example, go to the Data Robot platform, which cleans up and
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reformats inputted data, and then runs it through dozens of algorithms. It can
find a more accurate solution than those built on standard statistical models,
with no prior preparation. It works ‘Out of the box, with the push of one
button; that’s pretty impressive’, as one user puts it.'”® In commerce, where
data can be obtained not only from the marketing, sales and customer ser-
vice departments but also from pricing reports and social media, the ability
to process it allows for a more complete view of buyer behaviour and of the
competition. Personal data, obtained by purveyors of online services, is used to
create more effective marketing campaigns that reach the right target groups.
Financial institutions have gained the ability quickly to detect and respond to
fraud attempts. The public sector has also reaped the benefits of data analysis —
it has, for example, made it possible to optimise public transport, thanks to the
information gleaned from ticket readers, or to improve health care thanks to
readings taken by various sensors worn by patients.!”

Datafication lays the groundwork for new business models developed by
big technology companies and platforms (for more on this, see Chapter 2).
However, at the same time, datafication comes with significant social and eco-
nomic consequences as it creeps into many aspects of human life, such as social
relations, consumer behaviour, production processes, and political engage-
ment. For example, childhood is being subjected to datafication, something the
Children’s Commissioner for England criticised in a report entitled Who knows
what about me? (2018). Children’s data is not only posted by the kids themselves
or by their parents on social media; it is also collected by intelligent toys, virtual
assistants (such as Siri or Alexa) and other devices connected to the internet,
and it is gathered via wearable devices worn by youngsters. Data, including
biometric information, is also collected by public institutions, from schools to
public transport and healthcare services.!'” As we will show in a detailed way
later, datafication is the necessary condition for personalisation of products and
services. At the same time, datafication often makes privacy a delusion. The
greatest challenge for the digital economy is how to strike the balance between
the companies’ — and governments’ — hunger for data and the rights of the
consumers.

Networks

The digital economy takes networks that were already typical in the earlier
days of the internet economy to a more sophisticated level. The rise of the
internet, and then of mobile technologies and better connectivity, paved the
way for society and the economy to be ‘networked’.""! That created more ties
(relationships) between a larger number of actors (nodes of the network). Socially,
this has meant the emergence of new relationships resulting from the possibility
of freely participating in a variety of groups and circles. For example, in 2017
40% of heterosexual couples in the USA met online; the authors of the research
called this phenomenon ‘disintermediating your friends’.!? In economic terms,
this expansion of connected networks has changed the relationship between
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businesses and customers. Both sides now have more knowledge at their dis-
posal. Customers know the ranges of products better, and firms know their
customers’ preferences in more detail.!?

In the digital economy, networks are ‘thicker’ because people and machines
are connected all the time.There is no online or offline but onlife, as suggested
by Luciano Floridi, of the Oxford Internet Institute. And communication is
going on not only between humans but also between humans and machines
and between machines themselves (by 2023 half of all connections will be
machine-to-machine).""* Constant digitisation (turning analogue data into
digital, machine-readable data) saturates networks with more and more data.
At the same time, the recommendation engines propelled by Al allow for faster
and better-tailored searches and matches between the nodes.

Thicker and datafied networks have additional effects which platforms
(such as Amazon, Google, or Facebook) use via their business models (for
more see Chapter 2). In the traditional economy, the cost of producing a good
or service generally decreased as volume rose. In the case of platforms, econ-
omies of scale enhanced by network effects occur both on the supply side (the
more things are offered, the lower the costs of distribution). Meanwhile, on the
demand side, the more end-users, the more valuable the service provided.'
Platforms are connecting various parts of the market efficiently and quickly
because they make use of new possibilities for data collection, processing,
and analysis. As a result, platformisation is expanding into yet more sectors of
the economy, and the development of networks is accelerating datafication.
This in turn enables more and more personalisation in products and services,
making the network even more beneficial from the point of view of con-
sumers. Platforms are being recognised as the key feature of a digital economy.
The European Parliament goes as far as to define the digital economy as ‘a
complex structure of several levels/layers connected with each other by an
almost endless and always growing number of nodes. Platforms are stacked
on each other, allowing for multiple routes to reach end-users and making
it difficult to exclude certain players, i.e. competitors’''® To sum up, digital
platforms with their products, services and whole ecosystems create digital
infrastructures built upon existing internet networks. Platforms easily
expand into traditional sectors of the economys; also their business and oper-
ating models are also emulated by companies from these sectors, adding to
expanding platformisation of the economy.

Digital transformations

Digital transformation is a comprehensive change in the functioning of
organisations (companies and public institutions), enabled by digital technolo-
gies, and resulting in operational and business model build upon datafication
and networks.'” In a wider sense, separate multiple digital transformations add
to the comprehensive digital transformation of the economy and society, under-

stood as the paradigm shift in rules governing the economic and social activity.
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This process is essentially dispersed and uneven, and its effects are obviously
spread over time, and thus often barely discernible. In a research conducted
in 2018 by McKinsey, only 16% of respondents (out of a sample of 1,793
representatives from companies from around the world) claimed that a digital
transformation in their company had increased efficiency and that the changes
would be long-lasting.!"® The perception of the ‘success rate’ and the impact of
digital transformation may be akin to a productivity paradox.

In the USA in the 1970s and 1980s, the ICT sector was among the most
dynamic and fastest growing sectors of the economy. Yet, to the considerable
surprise of economists, research failed to show that ICT had any real influence
on productivity; its average yearly growth in this period was a paltry 0.7%.'"°
In 1987 a Nobel prize winner in economics Robert Solow quipped that “You
can see the computer age everywhere but in the productivity statistics. Other
researchers hastened to explain that when a company adopts new technology,
that may affect the productivity of the individual firm, but not necessarily of
the entire sector.”® Technology can help a company to raise its market share
(through better market recognition or marketing), but it does not mean that
production within the sector will change. Increasing one company’s sales may
mean a loss of market share for another.'!

More importantly, some researchers have suggested that there may be a gap
between the swift development of new technologies and the rate at which
they have been applied. Besides, the technologies deployed by companies may
be ineffective or mismatched — the sheer pace of technological change leaves
little time for testing solutions. Organisations require time to comprehend the
possible applications of a given technology and only after a certain amount of
time has elapsed do they begin to reap the rewards. Phasing in new technolo-
gies does not necessarily mean that companies see increased efficiency in the
short term, but it may allow a company to respond better, more flexibly and
faster to the market situation.'?* Lower costs for information processing and the
introduction of advanced production management systems enable enterprises
to handle more products and more variants of them. Investments in new tech-
nology often require a company to introduce organisational changes and com-
plementary investments in business processes, organising work, communication,
etc. These are costly processes and do not always translate into an increase in
sales volume.' But they do translate into more flexibility, better personalisation
of the products, more transparent supply networks, and at the end of the day —
into survival on the more and more competitive market.

Changes induced by technological breakthrough are occurring in the smallest
businesses. Thanks to the spread of cloud services and the development of intel-
ligent software, digital change has become far more affordable. Twenty years ago,
only large companies could employ advanced warehouse management systems
or accounting programs. Nowadays, any store can track sales and inventory using
intelligent cash registers, which are basically personal computers with a drawer
for cash. Small business owners can handle their accounts with the aid of soft-
ware or online services. Because there is no need for programming skills to set up
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an online store, local, small manufacturers can now develop their sales through
e-commerce, even selling their wares globally. Inexpensive and simple solutions
allow them to communicate easily with potential customers, collect data on con-
sumer preferences, and then analyse it using Al-based cloud solutions.'** Thanks
to global digital platforms, small and medium-sized enterprises are gaining
opportunities for global expansion. The internet straddles national boundaries
and transforms conventional concepts of location and distance. Companies gain
access not only to domestic markets but also to global ones at relatively low costs
(more on this in Chapter 6). At the same time, those using local markets have
obtained free access to global products. This creates new opportunities, but also
requires considerable investment not only in technology, but also in organisa-
tional changes, and particularly in employees’ digital skills.

In the next chapters of the book, we will trace those separate digital
transformations in various areas making up the comprehensive digital trans-
formation of economy and society.

Key takeaways

*  The digital economy builds upon the internet economy due to the
increasing resources of data flowing from billions of hyperconnected
digital devices and the development of artificial intelligence.

*  The digital economy is characterised by two interrelated mechanisms of
datafication and expansion of networks.

»  Datafication boils down to deriving value (economic, social, and pol-
itical) from abundant data generated en masse via digital devices and
analysed in an increasingly efficient, faster, and cheaper way by intelli-
gent algorithms. The value may consist in the processes (e.g., planning,
production, and management) being made autonomous or in products
(goods and services) being personalised, i.e., tailored to the needs and
expectations of the customers.

*  The enhanced access to the internet through the digital devices contributes
to the growth and thickening of online (and in consequence also offline)
networks connecting people, companies, public institutions, machines,
and systems. Such networks become the source of data in their own right —
i.e., they become datafied. The emergence of the new platform business
model results in strengthening some of the existing networks as well as cre-
ating new ones through the operation of matching and recommendation
algorithms. This way online networks become increasingly datafied.

*  The intensification and extension of datafication processes into new areas of
economic, social and political life is leading to a digital transformation.
This is paving the way for the emergence of a new model for the functioning
of markets, enterprises, households, and the public sector. Production and
consumption processes are changing, as are: the nature of work, forms of
employment, companies’ business models, and the way public institutions
function (and, as a result, the way the global economy does too).
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