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PREFACE
We would like to open this preface by stating the obvious. The most striking feature of the modern
economy is the rapidity of innovations in virtually every sector. Innovations can happen almost
everywhere –from places as diverse as backyard sheds to university halls to corporate laboratories.
But whatever the place, innovation is about people. The people who create the new idea, the people
who develop and deliver that idea, and the people who benefit from that innovation. Many
innovations occur because people want to make money with their creative efforts. As a result,
innovation becomes an economic activity to be taken seriously.
We believe that there is a need to adequately prepare the layperson for understanding what is going
on in the modern economy and we hope that this book will enable readers to get a better picture of
the world in which they live.
The purpose of Understanding the Creative Economy is to help a broad audience to acquire a
working knowledge of the contemporary economy. Indeed, the present book aims at being
accessible to readers with only superficial knowledge (if any) in economics and is thus largely selfcontained. Throughout the book we keep the exposition at a level appropriate to a wide audience.
The key concepts are relatively easy to grasp because they are illustrated with practical examples
taken from the real world.
As the title suggests, it is a book designed to provide readers with insights and intuition about the
workings of a modern economy with sharp focus on new ideas. In writing this book we have
followed to the letter the principle introduced by Albert Einstein: “Everything should be made as
simple as possible, but not simpler.”
A salient feature of this book is its adherence to a discursive, non-mathematical style. We rely on the
power of the written ordinary language, not on mathematical diagrams or formulas. Generally
speaking, we keep the mathematical technicalities to a minimum. The first six chapters contain only
sporadic use of arithmetic. The only chapter with some elementary mathematical diagrams and
formulas is Chapter 7, but we are confident that it is possible to follow the thread of the argument
without any special mathematical competence.
The present book has been written under the assumption that what readers initially want is clarity
combined with conciseness. The core of each chapter is relatively brief. Brevity has been achieved by
supplementing the themes in each chapter with appendices. We are confident that these two
features (brief core and appendices) will help avoid reader’s fatigue.
In this book we use non-mathematical diagrams to succinctly summarize concepts and conceptual
frameworks in a visual fashion. Somewhat roughly, a non-mathematical diagram is a snapshot that
encompasses the main points or relationships between concepts associated with a specific topic.
These schemes do not prove anything but we believe they are useful to encode information in the
reader’s biological memory.
Eduardo Pol and Charles Harvie
January 2019
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A GLIMPSE INTO THE CONTENT OF THIS BOOK
In broad terms, the thread of the argument of this book can be easily outlined.
Chapter 1 ¤ A Bird’s-eye View of the Economy and Economics
This introductory chapter will not turn anyone into an economist, but it will provide everyone with
an overview about the economy and economics. The ‘economy’ and ‘economics’ are terms that
should not be used interchangeably. The term economy refers to innumerable activities of
production and consumption that constitutes the economic reality. Economics is the discipline that
studies the economy. Economists use guiding insights to understand how the economy works and
evolves. In particular, they formulate predictions or prognostications of the future based on
evidence from the past.
Chapter 2 ¤ What a Creative Economy Is and How It Works
A Creative Economy is one in which the increase in the standard of living at a country level is based
on the capacity for innovation. Understanding the Creative Economy requires two steps. The first
step consists of conceiving innovation as an economic activity. This activity involves three
dimensions: creativity, intellectual property, and innovation environment. The second step entails
the statement of the principles that govern the behaviour of a Creative Economy.
Chapter 3 ¤ Creativity and Intellectual Property
The first dimension in the innovation process is creativity. Innovators perform creative thinking to
produce new ideas. Different types of thinking are explained and exemplified. The act of innovation
typically gives rise to intangible property. This is why we have a second dimension called intellectual
property (ownership of an idea by the person who came up with it). It is important for innovators to
have the right to prevent others from using their new ideas without authorization. Different tools for
protecting intellectual property are explained and illustrated.
Chapter 4 ¤ Innovation Environment
Even if creativity has a powerful grip of the nation’s collective imagination and the country in
question has an excellent protection of intellectual property, the production of new ideas with
economic value may be low. Innovators require an appropriate innovation environment. The third
dimension –innovation environment– has two constitutive parts: an innovation infrastructure
(macro factor affecting the production of profitable new ideas throughout the nation) and a system
of interconnected components (micro factor conducive to competitive advantage within a cluster).
Chapter 5 ¤ Microeconomic Aspects of Innovation
Innovation as any economic activity uses inputs to create outputs. There are three risks associated
with this economic activity: technical, commercial, and economic. The allocation of inputs may not
create any output (risk 1: the new product is not technically feasible). It may be the case that the
new product is technically feasible but it does not merit commercial introduction (risk 2: the cost of
production is prohibitive. It may also be the case that the new product is commercialized but the
market rejects it (risk 3: the innovation is not profitable).
In practice, there are two types of innovative companies. Some companies create new products by
modifying existing products (type 1), e.g. creation of a new binary digital electronic computer based
on transistors and capacitors where the novelty is just a curved screen; other companies focus their
x

creative energies on the generation products that represent an important shift from anything that
comes before (type 2), e.g. creation of a quantum computers (completely different from binary
digital electronic computers based on transistors and capacitors) . Typically, type 1 companies enjoy
a successful –but risky– life because type 2 companies tend to inflict irreparable damage on them.
The Innovator’s Dilemma is about the risk of type 1 companies of becoming complacent with
implementing small changes to existing products and lose market dominance under unexpected
attacks launched by type 2 companies.
Types 1 and 2 companies are merging into a third type of innovative companies following the fast
innovation approach which emphasizes differentiation to attract premium prices, speed-to-market
to avoid commoditization, and disruption to protect themselves against random shocks.
Chapter 6 ¤ Looking to the Near Future
Artificial Intelligence (AI), automation, and robotics leading to new products or process processes or
new forms of organization are increasingly focussing on cost-reductions and efficiency gains. For
example, a worker can have the skills and capabilities to perform a productive job, but if a robot is
cheap to buy and can do the same job at a lower cost a profit-seeking firm will buy a robot.
Productivity and output could increase dramatically, but these robots would bring severe
dislodgements to the labour market. Quite obviously, every economically rational employer would
prefer robots because they provide at least equal capability at a lower cost. Even those managers
who initially resist replacing humans with robots eventually would have little choice but to reduce
the number of workers to make the transition once their competitors do so. Consequently, profitseeking employers would replace most human workers. AI may allow tasks once thought to be out
of reach from automation (think of driving cars and making medical recommendations) to succumb.
The current debate between the technology enthusiasts and technology sceptics about the future of
employment is not about whether jobs will be lost but whether the economy will create enough new
jobs to compensate for those jobs taken by robots forever. Technology enthusiasts use historical
evidence to show that there is nothing to worry about. In opposition to this view is the contention
emerging from the sceptics that this time is different.
Chapter 7 ¤ Looking to the Distant Future
After being concerned in Chapter 6 with the near future in this (final) chapter we shift our attention
to the distant future. There are no data coming in from the future so that economic logic is essential
to envisage the creative economy of the remote future. If there are increasing returns to automation
–meaning a relentless progression toward even more automation– the creative economy will
converge to a situation where robots substitute for workers entirely and no one will have an income
from any type of labour. The solution to this paradox may be to abandon capitalism.
This speculative narrative is in line with Schumpeter’s prophesy –capitalism is doomed– but the
reasons for the collapse are different. Schumpeter claimed that the breakdown of capitalism would
be caused by a toxic sociology inherent to the capitalist system. In contrast, the line of reasoning
here is that capitalism is the victim of its own success because the creative economy will lead to
pervasive unemployment.
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Chapter 1 ¤ A Bird’s-eye View of the Economy and Economics

Concise Preview

o The words ‘economy’ and ‘economics’ tend to be used
interchangeably but they do not mean the same thing. This chapter
draws the line of separation between the economy and economics
o The way of thinking employed by economists –known “thinking like
an economist”– involves models in a fundamental way.
o Two kinds of economic models –mathematical models and narrative
models– are succinctly described.
o It is emphasized that progress in economics is cumulative in the sense
that previous economic knowledge accumulates and feeds into the
development of new economic models.
o This chapter contains an overview of the insights that economists use
to understand the behaviour of the economy.
o Chapter 1 concludes with a few comments about the limitations of
economic predictions.
o Appendix A proffers a working definition of the economics discipline
that focuses on problem areas. We show that innovation as an
economic activity should be one of the problem areas.
o Appendix B shows that the Invisible Hand of Adam Smith also reaches
innovation as an economic activity.

1

1. What is an Economy?
We start by defining an economy in the loosest possible way. Naturally, this implies that there will
be many details hidden in the definition. In general, the term economy refers to a collection of
interrelated economic activities within a geographic area. Sometimes the term economy has sharp
focus on a nation state and we talk about a national economy (for example, the Australian
economy) and at other times we are interested in regional economies (for example, the economy of
South East Asia). In this book, when we use the word economy we are talking about a national
economy that lies within the borders of a nation state.
Prices and Profits
An economy includes economic agents such as, for example, consumers, managers, innovators,
venture capitalists and the government as well as laws, regulations, taxes, subsidies, and many
factors that affect the allocation of resources. Prices and profits are the signals that determine
where the resources will flow. Earnings (positive profits) emerging from a particular activity attract
resources into that activity, and losses (negative profits) induce resources to move elsewhere.
Performance, Strong Economy, Weak Economy
The main goal of nation states in regard to the economies for which their government’s claim
responsibility is to provide a high and rising standard of living for its residents. The ability to do so
hinges on the performance of the economy. Aggregate economic performance depends on the
degree of national competitiveness. Indicators of economic performance include, but are not limited
to, the level and growth of Gross Domestic Product (GDP), foreign debt, household debt, inflation,
and unemployment.
Speaking loosely, good economic performance involves an appropriate combination of several
factors, including: keeping costs to a minimum; low prices; increasing real wages; high innovation
rates; and fairness in the distribution of income, wealth, and opportunities. Bad economic
performance occurs when one or more of the above mentioned factors are not present.
Good economic performance implies a strong economy. There are many drawbacks associated with
a weak economy. If the economy is performing poorly, the country cannot provide high employment
levels; cannot sustain a growing investment in health, education, and roads; cannot afford to defend
the nation; and cannot deliver security to the residents so that they can live their lives in peace.
Scarcity and Choice
It should be clear that resources (e.g. arable land, fish in the ocean, human capital, and
entrepreneurial talent) are scarce in the sense that they are not available in unlimited quantities for
free. Economies exist because scarcity is a pervasive and important phenomenon.
Given that resources are scarce and wants of people and institutions are virtually insatiable, an
economy has less to offer than people wish to have. Hence choices have to be made as to how to
use those resources and how they might be distributed. It goes without saying that these choices are
often difficult to make when faced with competing uses.
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The Economy as a Complex Variable System
One of the fundamental ideas to keep in mind is that the economy is a system with interconnected
parts: a disturbance or change to one part may cause reverberations in in many others. For example,
the banking crisis of 2007-2008 caused a recession in the USA. Thus, a shiver in one part of the
economy brought about a chill in many others.
Economists agreed that the distinguishing features of any economy are complexity and variability.
Complexity is due to the fact that an economy typically involves millions of interconnections
between economic agents operating in a variety of economic sectors. Variability arises, in a
substantial part, because of human creativity. Incessant innovation changes the economic
landscape.
The economy, like a large airplane carrier, does not change direction quickly. For example, at the
beginning of the 20th century the Australian economy was based on bulk-processing of resources
such as coal and grain. In the 21st century, the Australian economy revolves around both bulkprocessing of resources and deliberate creation of profitable new ideas.
Time Travelling
To visualize the attribute of variability, we can consider a science-fiction exercise. Imagine that you
are a time-traveller and you decide to visit England and the United States during the First Industrial
Revolution which occurred in the period 1760 – 1830. You will see the transformation of economic
activity due to three innovations: the steam engine, cotton gin and the power loom.1
Then you jump into the Second Industrial Revolution that took place in Europe and the United States
roughly between 1860 and 1911 to see the introduction of important innovations such as, for
example, electricity (in particular, electric light and electric motors), internal combustion engine (e.g.
automobile and air transport), telegraph, telephone, phonograph, motion pictures, radio, and
television. These mega-innovations implied a dramatic change in the economy. Furthermore, you
would see that everyday standard of living improved dramatically due to the introduction of running
water, indoor plumbing, and urban sanitation infrastructure.
Note 1

ß General Purpose technologies

Economists call innovations that have important impacts on many sectors of the economy GeneralPurpose Technologies (GPTs). Steam power, electricity, and the internal combustion engine are
typical examples of GPTs. The cotton gin was important within the textile sector at the start of the
19th century, but insignificant outside this sector. Consequently, the cotton gin cannot be considered
as a GPT.
-----------------------------1

As a reminder, James Watt invented the steam engine in 1765 but it was not until Matthew Boulton
contributed some ‘missing elements’ that a commercially viable steam engine was installed in 1776 (11 years
of research and development). Eli Whitney invented the cotton gin in 1793. The cotton gin was a device that
increased the processing of raw cotton by over 50 times. The power loom was invented in the United States in
1814 by Francis Cabot Lowell. The power loom allowed large amounts of cloth to be made in a shorter time
than a human could do it. For the first time mass production of finished textile products became possible.
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Then, you will see the Third Industrial Revolution associated with the Information Technology
Revolution. The introduction of mega-innovations such as, for example, the PC by IBM in 1981,
Windows by Microsoft in 1985, the Internet in 19952, the iPhone by Apple in 2007, and the iPad by
Apple in 2010, giving rise to the ‘digitized’ economy characterized by the existence of computer
networks which leads to network economies which in turn lead to temporary monopolies.
We are living through the early period of a Fourth Industrial Revolution (4IR).3 Computer technology
combines with Artificial Intelligence, automation, and robotics to create a general-purpose
technology capable of delivering productivity-enhancing innovations across many economic sectors.
The resulting products, processes, and new forms of organization are substituting for and
augmenting human brain power in much the same way that the steam engine and associated
developments in mechanical engineering, chemistry and metallurgy substituted for and augmented
human muscle power.
Technological Progress and the Profit Motive
The foregoing suggests –correctly – that the complex entity we call “economy” is an evolving object
propelled by technological progress (or technological change). Technological progress is the result
of innovations and imitations.
But technological progress does not happen without a reason. The profit motive has strong
influence on technological progress. This point was forcibly made by Nobel Prize winner Paul M.
Romer (1990) in his model of endogenous technological progress. Somewhat roughly, the argument
presented by Romer revolves around three premises: first, technological progress lies at the heart of
economic evolution; second, market incentives (profit motive) play an essential role in the
production of new ideas (innovations); and third, ideas can be used over and over again by many
people simultaneously. As to the second premise, Romer observes:
The second premise is that technological change [technological progress]
arises in large part because of intentional actions taken by people who
respond to market incentives. Thus the model is one of endogenous rather
than exogenous technological change. This does not mean that everyone
who contributes to technological change is motivated by market incentives.
An academic scientist who is supported by government grants may be totally
insulated from them. The premise is that market incentives nonetheless play
an essential role in the process whereby new knowledge is translated into
goods with practical value. Our initial understanding of electromagnetism
arose from research conducted in academic institutions, but magnetic tape
and home videocassette recorders resulted from attempts by private firms to
earn a profit.
(Romer 1990, p. S72)

2

The computer scientist Sir Tim Berners-Lee submitted his proposal for the web in 1989. He is considered as
the inventor of the Internet.
3
The person who coined the term ‘Fourth Industrial Revolution’ was Professor Klaus Schwab, the founder and
executive chairman of the World Economic Forum, using it as the title of a 2016 book.
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2. What is Economics?
An economy is an enormously complex and variable system, ripe with a myriad of interdependencies
and feedback loops. Change one parameter (say the tax rate on profits) and a variety of effects are
likely to cascade through the system, some of which may counteract the expected effects of the
initial change. The economy is the reality that we want to understand. It should be clear that
understanding this complex and variable system is not an easy task.
Economies are created by human beings, but we find it difficult to understand our own creation due
to their complexity and variability. In part this is due because economies are rarely, if ever, designed
on a systematic basis as some sort of original, grand plan for human societies. They grow on a
relatively unplanned basis for long periods of time.
Economics is not a clearly defined discipline. Its frontiers are constantly changing, and their
definition is constantly a subject of controversy. It is not necessary to get bogged down in
definitional issues as far as this book is concerned. The loosest possible characterization of
economics, namely: economics is the scientific discipline that imparts an understanding of the
economy, is good enough.4
Macroeconomics and Microeconomics
Macroeconomics is the study of the behaviour of the economy as a whole by focusing on broad
aggregates such as national income and total employment. Underlying the behaviour of the
economic aggregates are the decisions of individuals. Microeconomics is the study of the actions of
individual economic agents (e.g. consumers, firms, innovators, and venture capitalists) and the way
that those actions interact with each other.
This well-established dichotomy “macro-micro” is useful for pedagogical purposes but the line of
separation between macro and micro tends to be fuzzy because fluctuations in the broad aggregates
are influenced by the actions that individuals take.
Thinking in General
Economics helps develop our ability to think ‘in general’ rather in terms of ‘particular cases.’ For
example, the study of innovation allows us to understand the economic implications of this activity
in general rather than only to understand specific historical cases such as, for example, the impacts
of the introduction of Gillette’s sensor razor in the razor industry in 1990. This is not to indicate that
empirical cases are unimportant. Historical examples enable economists to develop general models
about innovation as an economic activity.
Economics is regarded as a set of tools useful for understanding the world we live in and for
analysing real economic problems. It is also regarded as a way of thinking known as “thinking like an
economist.”

4

This broad description is the starting point of a working definition of economics that we succinctly discuss in
Appendix A.
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Thinking Like an Economist
Every discipline has its own language and its way of thinking. How do economists go about analysing
economic issues? Economists use a particular way of thinking which is reflected in the expression
“thinking like an economist.” Thinking like an economist means to use the economic language with
precision and follow the model building approach.
The vocabulary of economics is vast. Economic profit, demand, supply, market equilibrium, marginal
analysis, externalities, and money multiplier are terms that constitute an integral part of the
economics terminology. The economics vocabulary is difficult to follow because economists use
familiar words in highly specialized ways. Examples abound: opportunity cost, sunk cost, accounting
profit, economic profit are a few. Furthermore, economists use, for entirely different things, the
same word. For example, the term ‘institutions’ may refer to a central bank, other banks, and hedge
funds, or laws and regulations that affect the material incentives to invest in physical capital, human
capital, and innovation.
Economic Models
But a working knowledge of the language of economics is not enough. "Thinking like an economist"
requires the use of economic models. Economic models are mental constructs designed to capture
the essence of specific economic issues by concentrating on what seems to be the core features of
an economy and the relationship between economic phenomena.
More precisely, an economic model is a simplified conceptual framework in which economists
isolate some relevant variables and consider the remaining variables unchanged to answer one or
more economic questions without cluttering the issue with unnecessary detail. Models contain
imaginary humans or economic agents (consumers, producers, innovators and so on) that make
decisions to influence the selected variables.
Economic models involve assumptions in a fundamental way. Assumptions are formulated to make
the world easier to understand. For example, a first simplification commonly used is to assume an
economy populated by profit-seeking imaginary people. In doing so, we leave out of the model many
other elements, e.g. benevolence, or the fact that people are most definitively not single-minded
profit-seeking machines. It is not that the ignored elements are totally meaningless; rather, the
omitted elements are seen to be less important for gaining an understanding of what an economy is
and how it works.
Keep in mind once and for all: it is impossible to have a model without assumptions. An assumption
shared by all economic models is the ceteris paribus assumption which means that "all other things
remain unaltered“. This is understandable. To analyse a complex economic reality, economists
confine attention to the relationship between a few variables and assume that all other variables do
not change.
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Two Different Kinds of Models
An economic model is merely a conceptual framework, and there is no inherent reason why it must
be mathematical. If the model is mathematical, it will usually contain equations formalizing the
assumptions. Through the application of the relevant mathematical operations to these equations,
the economist derives conclusions which logically follow from the assumptions.
Purely descriptive models were the first stage in the historical development of economics. However,
as quantitative relationships were formulated in increasing numbers, purely verbal analysis became
more difficult to formulate consistently. Mathematical relationships underlay most of these early
models, though they were seldom made explicit. Nowadays, economic models tend to be cast in
mathematical terms.
Without striving for rigor, we can say that there are two kinds of economic models useful to gain an
understanding of the economy: Mathematical models which facilitate the deduction of testable
conclusions from initial assumptions on the basis of deductive logic. Narrative models derive
conclusions from initial assumptions on the basis of verbal analyses but the conclusions do not
necessarily display logical compulsion.
In this book we prefer verbal analysis. You will find some simple diagrams useful to organize the
discussion, but they are not indispensable to follow the argument. Anyhow, we do not assume any
previous knowledge of mathematics or plane geometry. When a diagram is presented, its
interpretation will be explained.
Two Types of Imaginary Humans
There is a long tradition in economics viewing the imaginary human as an optimizing creature
seeking satisfaction (e.g. a profit-maximizing agent), sometimes known as homo economicus or
economic man. This fictitious human –who deals with existing products, processes and
organizational schemes– is an optimizing machine that has no creative demands on his
consciousness. He does not undertake wasteful experimentation to introduce new products or
processes. In brief, the creature in question is a stylized ideal useful in the study of an imaginary
economy without innovation.
However, there is nothing to prevent us from introducing another type of imaginary human,
resembling a real profit-seeking innovator. Homo creativus or creative man is both a profit-oriented
creature (like his cousin homo economicus) but he is also a novelty seeking person. He is a decision
maker unable to optimize because uncertainty pervades the innovation process. However, he is able
to create in a proactive sense. His job is to create new ideas with economic value and put them into
effect. For him today’s practice is never good enough for tomorrow.
We can think of the empirical counterparts of homo economicus and homo creativus as being the
manager and the entrepreneur, respectively. This distinction is not intended to denigrate the
importance of managerial activity, merely to stress that innovation springs primarily from the efforts
of the entrepreneur.
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Progress in Economics
Economics has progressed far enough to provide insights about the best way to organize an
economy or to answer other important questions such as, for example, what kind of economy is able
to overcome scarcity and diminishing returns and deliver sustainable increases in the living
standards of its residents?
Progress in economics is cumulative and based on the great economic thinkers of past and present
times, as well as the less dramatic findings of lesser scholars and practitioners. Previous economic
knowledge accumulates and feeds into the generation of modified and new models. Generally,
knowledge is made obsolete by the emergence of newer, superior models.
An economist today sees further than her predecessors because she stands on the shoulders of
earlier giants. Or, to put it differently, in the process of creating new models theorists build on
insights embodied in previous models. They achieve success by standing upon the shoulders of
giants (Newton aphorism).5 A very small sample of intellectual giants of economics and some of their
insights can be seen in Table 1.1.
These great economic thinkers were fascinated by the economic world around them. They are
sometimes referred to as “worldly philosophers” because their philosophical ideas revolve around
the most earthly of human activities, namely the pursuit of wealth. It is no exaggeration to say that
the extraordinary power of their visions helped shape and sway mass psychology in many countries.6
It would be hardly necessary to mention that an economic issue such as, for example, economic
development, is never exclusively economic; other important aspects (psychological, political,
cultural, etc.) always exist. Economics helps in answering many important questions in conjunction
with other disciplines. For instance, does economic growth cause happiness? To answer this
question one needs not only information about economic growth itself but also a variety of
subjective well-being indicators (e.g. family life satisfaction, work stress, and tiredness after
returning from work) that are outside the scope of economics.
To reiterate, economics has progressed far enough to be able to provide valuable tools to shed light
on the answer to important problems. However, it would be unwise to form exaggerate
expectations about the power of economics. One should not believe that economics is the key that
will unlock the answer to all of the great social problems of the day. There are confronting questions
that economics is unable to answer. These include, but are not limited to, how much poverty is
acceptable and fair? and which economic goals and individual values make for a good quality of life?

5

Sir Isaac Newton (1642-1727) was a scientific genius. It is well known that he was the formulator of the law of
gravity. It is less well known that he was an alchemist. Alchemy was an addiction in which he dabbled to the
end of his life, slowly poisoning himself by the repeated and unwise handling of mercury. It is even less well
known that Newton was an unsuccessful stock market investor (gambler?). He lost a lot of money in the
famous South Sea Bubble of 1720.
6
The term “worldly philosophers” was coined by Robert L. Heilbroner in his book The Worldly Philosophers:
The Great Economic Thinkers, first published in 1955.
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Great Economic Thinker
Francois Quesnay

Life span
1694 – 1774

Adam Smith

1723 – 1790

Jeremy Bentham

1748 – 1832

David Ricardo

1772 –1823

Alfred Marshall

1842 – 1924

John Maynard Keynes

1883 – 1946

Joseph Alois Schumpeter

1883 – 1950

Insight
Economic sectors are
interrelated
Economic freedom enables the
economy to get the best it can
from its scarce resources
Economic behaviour is
governed by the desire to
experience pleasure and avoid
pain
The crucial element for gains
from international trade is
comparative advantage
Prices are determined by a
vast set of complex interacting
forces
Economic freedom does not
guarantee full employment
Innovation is the prime mover
of economic dynamism

Table 1.1
A small sample of great economists
Note 2

ß Why are we in a sweet spot?

Scientists often face important questions which they are unable (but not unwilling) to answer. The
distance between the Earth and the sun is 93 million miles. This distance is perfect for life. Why are
we in a sweet spot? The German astronomer and mathematician Johann Kepler (1571-1630) asked
that very question and he spent years trying to find a physical reason, some law of nature that
requires the earth to be 93 million miles from the sun. But Kepler never found it because it does not
exist. There is not any physical law requiring the Earth to be 93 million miles from the sun. It is
simply one possibility of the many you would expect to find in a universe we know is full of solar
systems.
--------------------------------------To sum up, the aim of economics is to understand how the economy works and evolves. To this end,
economists use precise language and models. Models are conceptual frameworks for organizing
thinking about a problem. They simplify the economic reality by making assumptions and leaving
out many details of the real world in order to concentrate on the essentials. No model is perfectly
correct.
Note 3

ß Models and theories

The reader may have noticed that we have tried to avoid use of the word ‘theory’. But we need to
say something about the difference (if any) between a theory and a model. Sometimes economists
use the words ‘model’ and ‘theory’ interchangeably. At other times, a theory is understood as a
9

collection of models about a specific phenomenon. In Appendix C you will find the expressions ‘old
growth theory’ and ‘endogenous growth theory’ and each of these theories include a number of
models. Unfortunately, there is no unanimity among economists about the line of separation
between models and theories.
3. Guiding Insights
Before going into the main theme of this book –the Creative Economy– it is helpful to have an
overview of the insights that economists use to understand how an economy works and evolves.
Each insight captures fundamental truths that serve as foundation stones of contemporary economic
reasoning.
Insight : Economies are complex and evolving objects
An economy is a complex object because it involves the decisions of millions of people interacting
through a variety of communication channels. An economy is an evolving object chiefly because of
the changes induced by human innovation.
Insight : Models are necessary
Models are mental constructs with two useful characteristics: they are representations of
components of the ‘real thing’ being analysed that are simpler than the thing itself and capture the
most important characteristics of the problem under investigation.
Insight : Material incentives matter
Human beings typically respond to material incentives (e.g. profits for firms and income for
households). These incentives are the signals that guide the allocation of resources (such as financial
capital and human capital) to produce already existing products and to create new products and new
and better ways to producing them.
Insight : Prices and profits decide the allocation of resources
Market prices and profits are the key factors governing the allocation of resources. Sometimes
market prices do not exist because the product does not exist; in those cases, potential profits
associated with new products or new production techniques govern the allocation of resources.
Insight

: Innovation is a prime mover of the modern economy

Innovation as an economic activity is important in the modern economy. In particular, no complete
understanding of the modern economy is possible unless competition through innovation is brought
into the picture.
These fundamental insights are at the heart of our book (see Diagram 1.1)
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Diagram 1.1
Guiding insights
4. Economic Predictions
Economists want not only to understand the behaviour of the economy but also predict the direction
in which the economy as a whole (of part of it) is moving. In general, economic predictions relate to
the future and, consequently, economists face two obstacles: first, nobody knows with certainty
what the future holds; and second, there is no data streaming in from the future. The evidence on
which economists base their predictions comes from the past. It may be the recent past, but it is the
past nonetheless.
It is important to realize that an economic prediction is a statement of the form
“This is what will happen if something does not come up to prevent it.”
These statements are weak propositions. On the one hand, underlying the statement is the ceteris
paribus clause (“other things being equal”). The problem here is that we can give examples of the
elements assumed to be constant, but we are usually unable to give a list of all the things those
“other things” may be.
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On the other hand, there may be disturbances emerging from outcomes that do not exist today. It is
impossible to specify, or even imagine, all future outcomes that can occur and nullify the prediction.
A simple thought experiment can clarify this crucial feature. Suppose time travelling to the past is
possible; locate oneself at the beginning of the twentieth century, and then try to imagine the
launching of the Internet in 1995. The point is that, in the case of fundamental technological shifts,
past experiences and events are no guide to future developments and outcomes.
Where all this leave us? Economic predictions are always doubtful and in many instances turn out to
be wrong. The following quote – attributed to the Canadian-born economist John Kenneth Galbraith
(1908-2006) – illustrates the widespread lack of credibility concerning economic predictions: “The
only function of economic forecasting is to make astrology look respectable.” One position adopted
by defeatists is that anything can happen and, therefore, we can never know what to expect. We
believe that this is the position of the obscurantist.
We suggest the truth lies in the following advice coming from the great English economist Sir John
Richard Hicks (1904-1989):
But even if our propositions are weak, it does not follow that they are useless.
Far from it. It is better to have some knowledge of what to expect than no
knowledge at all. Prognostications of the future have to be made, as a basis
for current action, and it is very desirable that they should be as good as
possible. But we should see them for what they are. It is not desirable that
more should be claimed for them than they deserve.
(Hicks 1984, p. 217)
We mention, in passing, that the 1972 Nobel Prize in economics was awarded jointly to John R. Hicks
and Kenneth J. Arrow “for their pioneering contributions to general economic equilibrium theory and
welfare theory."
Our advice to the readers is as follows. When economists try to convince you about the plausibility
of their predictions by means of technicalities (such as, for example, esoteric language and abstruse
econometric models) ask them: “Would you mind terribly if I asked you to state in plain English what
are the basic assumptions of your policy recommendations, including what factors are assumed to
be constant and what are the most important outcomes for the foreseeable future envisaged in your
model?”

Chapter Summary
n The term economy refers to the system of economic activities carried
out in the real world by real humans.
n The economy is a complex and variable system propelled by
technological progress and the profit motive.
n Economics is the discipline that explains the behaviour of the economic
system as well as the behaviour of its parts.
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n Modern economists do not subscribe to a uniform definition of their
subject but there is universal agreement about the way of thinking in
economics.
n Thinking like an economist means to use the economic language with
precision and follow the model building approach.
n Models are simplifications of the real world. These imaginary worlds
postulate the existence of imaginary humans (economic agents) and
involve assumptions formulated to make the economic reality easier to
understand.
n The usefulness of a model depends on whether it succeeds in explaining
the set of phenomena that it is intended to explain.
n Mathematical models use equations to formalize the assumptions and
derive conclusions with logical rigor.
n Narrative models derive conclusions from the assumptions but the
derivation does not guarantee logical compulsion as in the case of
mathematical models.
n Economic models deal with two types of imaginary humans: Economic
man (optimizing machine that does not innovate and never will) and
creative man (someone who introduces novelty to make money).
n Progress in economics is cumulative and based on the great economic
thinkers of the past and present.
n The insights economists use to understand the economic system and its
parts are the following five:
: Economies are complex and evolving objects;
: Models are necessary;
: Material incentives matter;
: Prices and profits decide the allocation of resources; and
: Innovation is a prime mover of the modern economy
n Even though economic predictions are plagued with difficulties, it is
better to have some knowledge about what to expect than no
knowledge at all.
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APPENDIX A: INNOVATION AS A PROBLEM AREA OF ECONOMICS
Jacob Viner (1892-1970) is reported to have said that “Economics is what economists do.” This is a
slightly disturbing statement. However, the predominant interpretation of Viner’s quip is that the
subject of economics is too broad to be usefully pinned down in a concise definition. In this appendix
we proffer a definition of economics based on an “incomplete and open” list of problem areas that
includes innovation as an economic activity and provide reasons for the inclusion.
Pitfalls with the Standard Definition of Economics
A commonly used definition characterizes economics as the study of how people deal with scarcity.
We believe that from a pedagogical viewpoint it is not entirely a good idea to define economics in
this Omni-comprehensive and abstract way.
There are four reasons for our claim. One, the definition is too brief to be of much value, especially if
it is not followed by a fuller discussion of what is implied by the definition. At best it has a ‘signpost’
value, indicating the direction in which a fuller discussion and definition should proceed. Two,
scarcity is not a problem confined to economics. Humans have to deal with issues such as status,
reputation, meaning of life, and so on. The means to achieve any of these ends are notoriously
scarce and do not necessarily fall into the domain of economics. Three, it appears to cast a rather
negative light over economics, suggesting that it is all about problems associated with poverty and
lack of income whereas a great deal of economic thought is about exciting, challenging topics
characterized by hopefulness such as, for example, achieving higher standards of living through
business innovation. Finally, a sharp focus on scarcity fails to indicate that economics deals with an
evolving system.7
A Working Definition of Economics
One thing is clear. There is no perfect definition of economics. A working definition of economics
useful for the purposes of the present book has two parts. Economics is the discipline that studies
how the economy works and evolves (part 1) and involves problem areas (part 2) such as, for
example, resource allocation, income distribution, economic growth, unemployment, inflation,
economic institutions, human development, and innovation as an economic activity (see Diagram
1.2).
Innovation as a Problem Area: Logical Justification
Nowadays, no one needs to be convinced that innovation plays a vital role as a catalyst for economic
progress. CEOs know that the most successful firms are those that find new ways of doing things
such as creating new products or developing new markets. Economists and particularly policy
makers are well aware that business innovation is the prime mover of economic prosperity.
The incorporation of innovation as a distinct economic activity on the list of problem areas of
economics can be logically justified. Economics is the study of how an economy works and evolves.
Economic evolution is brought about by innovation in a fundamental way. Consequently, nothing
could be plainer that the proposition that innovation is a problem area of economics.
7

For more definitional issues, see Backhouse and Medema (2009).
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Diagram 1.2
Working definition of economics
Innovation and Mainstream Economics
The history of economic thought shows that not all problem areas are automatically included in
mainstream economics. A case in point is the last problem area on the list in Diagram 2. Interest in
innovation as an economic activity is stronger today than it was when Joseph Alois Schumpeter
wrote many years ago. There was little or nothing in the writing of economists about the economics
of innovation before Schumpeter.
Until the appearance of his Theory of Economic Development in 1911, economics was under the
influence of what philosophers have called the “principle of plenitude.” This bizarre principle
postulates that every conceivable entity already exists, and therefore, it follows at once that
innovation is out of the question.8
Schumpeter was the 20th Century’s defining scholar of the economics of innovation but he was
underrated by most of the mainstream economists. Other major pioneers of innovation were Allyn
A. Young, Simon Kuznets, Nathan Rosenberg, Richard R. Nelson, and Sydney Winter, to name some
of the most prominent scholars in the economics of innovation. None of them were considered
mainstream economists.
In the 1950s, the work of Nobel laureate Robert Solow established that economic growth is caused
primarily by the contribution of technological progress (or technological change). It became
increasingly clear that the engine of technological progress is innovation and imitation. However,
8

A discussion of the principle of plenitude can be found in the book by David Warsh (1984).
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innovation as an economic activity could hardly be considered as one of the problem areas for
mainstream economics during the forty-year period 1950-1990.
It was not until the early 1990s that innovation entered mainstream economics as a tidal wave,
largely due to the formal contributions of what is often called New Growth Theory. This theoretical
field includes the endogenous growth theory as developed by 2018 Nobel Prize winner Paul M.
Romer (1990), and Aghion and Howitt (1992). More on this in Chapter 2.
List of problem Areas: Incomplete and Open
Quite obviously, the list of problem areas in Diagram 2 is incomplete. Environmental protection, for
example, should be included in the list of problem areas. The environment has never been a bigger
issue than it is today. We value clear air, clean water, wildlife, and unspoiled natural scenery.
Protecting the environment has a cost, and therefore, we can use the tools of economics to
understand what the associated costs and benefits might be.
It should be emphasized that the list of problem areas facing economics is open in the sense that the
number of problem areas is not fixed. Two examples will help clarify the openness of the problem
areas. Space pollution may well be a new problem area. To see this, remember that the outer space
(located between 700km and 1,000km up) was seen to be too vast to fill up. This intuition is being
proved to be wrong. Today thousands of satellites are orbiting the Earth. Unfortunately, there are
collisions between satellites creating dangerous junk that litters the outer space (even a small
fragment of such junk can destroy a satellite or a shuttle). This is known as ‘space pollution’ and has
an economic dimension.
Another illustration –particularly relevant for this book– is the economics of robots. We are
accustomed to the dizzying speed of innovation in Artificial Intelligence (AI), automation, and
robotics. Nowhere in recorded history do we find such a rapid rate of improvement. The economic
possibilities and limitations of these devices have become so fashionable that they are discussed in
newspaper articles almost daily. Moreover, we already have at our disposal ground breaking books
such as Brynjolfsson and McAfee (2014) The Second Machine Age and Ford (2015) The Rise of the
Robots, and a myriad of scientific papers on this emerging problem area.
Assuming that there will be a relentless progression toward full automation, some of the important
questions that the economics of robots should answer are: Will robots replace humans like the
internal combustion engine replaced horses? What is the future of employment? Will governments
have to introduce a “universal basic income” to assist technologically unemployed workers? Should
robots pay tax? Can capitalism survive? These questions will be addressed in Chapters 6 and 7 of the
present book.
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APPENDIX B: THE INVISIBLE HAND AND INNOVATION
Physiocrats
The first systematic attempt to found an economic discipline was made in France around the middle
of the 18th century by the Physiocrats. The Physiocrats consisted of a small group of French
statesmen and philosophers under the leadership of Francois Quesnay, the physician of Louis XV
(King of France 1715-1774). Agriculture occupied a central position in physiocracy. The favourite
phrase of physiocracy was “Laissez-faire, laissez-passer” which means “there should be both free
access to the market and free mobility of resources between countries,” but this principle was only
to be applied in regard to the agricultural sector.9
Adam Smith
Adam Smith (1723-1790) resided several years in France and interacted with the Physiocrats. In that
epoch, new technologies were being created and applied to the manufacture of products such as
cotton, wool, and iron, in what came to be called the First Industrial Revolution. Adam Smith was
keenly interested in technological innovations because he wanted to understand the sources of the
wealth of nations.
However, Smith undertook the task of founding the economic discipline focusing on existing
products, and, thereby, he left the issue of introducing new products into the market untouched.
Quite obviously, the fact that business innovation was left out of the picture does not imply that
technological innovation was irrelevant to him. It was left to Schumpeter’s acute powers of
observation and abstraction to go inside the black box of technological progress and pull out
business innovation as the most important factor underlying economic change.
Wealth of Nations
In 1776, at the age of 53, Adam Smith published An Inquiry into the Nature and Causes of the Wealth
of Nations. Due to this book (usually referred to as Wealth of Nations) economists regard Adam
Smith as the founder of modern economics. One of Smith’s enduring contributions to the economic
discipline was the insight of the “invisible hand” of the market-oriented economy. This immortal
metaphor alludes to the power of the market as a guiding Invisible Hand conducive to economic
prosperity and is mentioned in nearly all contemporary economics textbooks.
Invisible Hand Passage
It is generally agreed that Adam Smith invoked the Invisible Hand –an expression that occurs only
once in the Wealth of Nations– to send a message to posterity that prices and profits are the unseen
forces guiding economic behaviour conducive to prosperity. Adam Smith’s justly famous Invisible
Hand passage is this:

9

According to John Maynard Keynes, the first writer to use the maxim laissez-faire and emphasize the
undesirability of government intervention was the Marquis d’Argenson: “the Marquis was the first man to wax
passionate on the economic advantages of governments leaving trade alone. To govern better, he said, one
must govern less.” (Keynes 1928, p. 278).
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Every individual necessarily labours to render the annual revenue
of the society as great as he can. He generally, indeed, neither
intends to promote the public interest, nor knows how much he
is promoting it. By preferring the support of domestic to that of
foreign industry, he intends only his own security; and by directing
the industry in such a manner as its produce may be of the greatest
value; he intends only his own gain, and he is in this, as in many
other cases, led by an invisible hand to promote an end which was
no part of it. Nor is it always the worse for the society that it was
not part of it. By pursuing his own interest he frequently promotes
that of the society more effectively than when he really intends to
promote it.
(Smith 1976, p. 423) [Italics added]
Invisible Hand: Context and Individuals Alluded
What is the context in which the Invisible Hand works its magic? It is a market-oriented economy,
that is, an economy revolving around economic freedom and private property of resources. Such an
economy is able to generate prices able to coordinate the interactions between individuals and
engenders a continuous flow of innovations that add to economic prosperity. The individuals
decipher the signals sent by either the prices of existing products or potential profits associated with
products not yet introduced in the market.
Smith is saying that individuals are motivated by self-interest and the Invisible Hand of the
marketplace guides these profit-seeking creatures into promoting economic prosperity. It should be
clear that the ‘individual’ involved is any person acting economically.10 As a result, the Invisible Hand
passage does not exclude profit-seeking innovators in any imaginable way.
Smith did not formally prove anything in relation to the Invisible Hand of the market mechanism.
Strictly speaking the Invisible Hand of Adam Smith is a conjecture about the virtues of the marketoriented economy.11
Reasonable Income Distribution: Not Guaranteed
Whenever a market economy allocates its scarce resources a market outcome emerges (think of
final products such as computers and cars) and two distinct phenomena happen. First, when the
products are sold there will be a certain amount of money called income that will be generated.
Second, the resulting money value is apportioned among the economic agents (workers, producers,
innovators, etc.12) and generates a distribution of income. The distribution of income is determined
10

People act economically when an opportunity for gain is presented to them and they take it.
The Invisible Hand Theorem and the Invisible Hand Doctrine are related to the Invisible Hand conjecture but
they will not be considered here. In Pol (2013) it is shown that failure to distinguish the Invisible Hand
Theorem from the Invisible Hand Doctrine distorts thinking about Adam Smith’s message, creating the
misconception that the Invisible Hand passage excludes innovators.
12
People receive income from wages, from the profits of the firms they own (or own shares in), from
successful innovations introduced in the economy, and from the capital that they invest.
11
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by a variety of factors, including wealth, effort, talent, health, and luck. It is a fact of life that people
are not equally endowed with these factors.
Does the Invisible Hand of the market-oriented economy ensure that the most deserving people
obtain their just income? In a word, no. The Invisible Hand says nothing about the reasonableness of
the distribution of income thrown up by the market-oriented economy. Certain groups (e.g.
successful innovators) may receive lots of income and other groups (e.g. the “working poor”) very
little.
The Invisible Hand works its magic under conditions of strong economic competition. It brings
economic prosperity but remains silent about the distribution of prosperity. Unfortunately, the
Invisible Hand cannot guarantee a good job, an adequate income or a safe environment.
Darwinism and the Invisible Hand
The Invisible Hand of economic competition resembles Darwin’s theory of evolution through natural
selection of those best adapted to survive in the struggle for existence. In “The End of Laissez-Faire,”
published in 1926, John Maynard Keynes described a parallelism between the Invisible Hand of
Adam Smith and Darwinism in two concise passages:
This [Invisible Hand] implies that there must be no mercy or protection for those
who embark their capital or their labour in the wrong direction. It is method of
bringing the most successful profit-makers to the top by a ruthless struggle for
survival, which selects the most efficient by the bankruptcy of the less efficient.
Just as Darwin invoked sexual love, acting through sexual selection, as an adjutant
to natural selection by competition, to direct evolution along the lines which
should be desirable as well as effective, so the individualist invoke the love of
money, acting through the pursue of profit, as an adjutant to natural selection, to
bring about the production on the greatest possible scale of what is most strongly
desired as measured by exchange value.
(Keynes 1926, p. 284)
Nowadays, the expression “economic Darwinism” refers to the survival of the fittest in the rough
and tumble market-oriented economy.
Summary
More than two centuries ago Adam Smith imagined that a market-oriented economy populated by
self-interested individuals is apt to promote economic prosperity. In pursuing his own gain in a
particular economic activity, the individual is led by an Invisible Hand to promote an end that he
does not intend, and which is conducive to economic prosperity.
Adam Smith’s Invisible Hand alludes to guiding role of prices and profits in a market-oriented
economy. If market prices do not exist because the products do not exist, potential profits engender
a legion of innovators that substantially contribute to economic prosperity by creating new products,
new processes and new forms of organization. Innovation is an economic activity where the Invisible
Hand shines through.
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Chapter 2 ¤ What a Creative Economy Is and How It Works

Concise Preview
o It appears that the term ‘creative economy’ was first introduced by
Peter Coy in Business Week (August 2000) to mark the association
between creativity and economic prosperity.
o Economies evolve over time. A factor-driven economy progresses to an
efficiency-driven economy, and then, reaches the status of innovationdriven economy.
o Innovation as an economic activity is a complex phenomenon requiring a
conceptual model to identify the elements (dimensions) making up this
activity.
o The critical inputs in the production of innovations are ideas and human
capital.
o The functioning of a creative economy revolves around incessant
production of new ideas and “creative destruction” and can be
encapsulated in a simple conceptual model.
o

There are two Appendices adding material to what is explained in the
text. Appendix B provides the framework to understand the difference
between ideas and human capital as economic products. Appendix C
locates the Creative Economy in the context of endogenous growth
theory.
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1. Introduction
This chapter defines the notion of a ‘creative economy’ and describes the way an economy evolves
over time to attain the innovation-driven status. The notion that creativity is an important factor in
achieving economic success was broached by Joseph Alois Schumpeter a century ago in his book The
Theory of Economic Development, although Schumpeter never used the term ‘creative economy’ in
his writings.
‘Innovation’ is a term associated with Schumpeter. Schumpeter’s book The Theory of Economic
Development emphasized the importance of the innovator, the person who introduces “new
combinations.” Schumpeter throughout his various works defines the essence of innovation to be
the “carrying out of new combinations.” He writes further:
As a rule, the new combinations must draw the necessary means of production
from some old combinations (…) development consists primarily in employing
existing resources in a different way, in doing new things with them (…)
(Schumpeter 1934, p. 68)
As will become apparent, innovation as an economic activity is the essential ingredient of a creative
economy. To study this distinct economic activity we need a conceptual model. The proffered
model of innovation as an economic activity is called ‘background model ’. But this model remains
silent about the way a creative economy functions. A different conceptual framework is required to
understand the behaviour of a creative economy. We call this mental construct ‘basic model’ of a
creative economy.
2. Defining Characteristics of a Creative Economy
It appears that the introduction of the term ‘creative economy’ to mark the association of creativity
and economic prosperity was first introduced by Business Week in August 2000:
Now the Industrial Economy has given way to the Creative economy, and
corporations are at another crossroads. Attributes that made them ideal
in for the 20th century could crippled them in the 21st. so they will have to
change, dramatically. The Darwinian struggle of the daily business will be
won by the people –and organizations– that adapt most successfully to
the new world that is unfolding.
(Coy, 2000)
When creativity is applied to producing ideas with economic value there is the potential to improve
living standards. For example, when Joanne Rowling on a train to London dreamed up the story of a
boy wizard (Harry Potter), she engendered enormous amounts of wealth and public happiness.
More and more people are coming to understand that innovation is a means by which most
residents of an economy can improve their living standards. ‘Innovation’ can mean different things
for different people. However, it is generally agreed that an innovation is a new idea and the
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generation of a new idea tends to be associated with a creative act. Thus, to be innovative means to
be creative.13
Creative Economy
Definitions do not change economic reality but may change the lenses with which we look at the
economy. We believe that the essence of a creative economy can be captured by the following
definition: a creative economy is a profit-oriented, market guided economy in which the
improvement of the standard of living of its residents is substantially based on the production of
profitable new ideas. This is the kind of economy envisaged by Joseph Alois Schumpeter and
rigorously formalized by Paul M. Romer, a winner of the Nobel Prize in economics.14
Many real economies resemble a creative economy. A small sample of innovation-driven economies
includes Australia, France, Germany, Singapore, United States, and United Kingdom. The opposite
extreme of a creative economy is the stick-in-the mud economy, one populated by individuals lacking
initiative, opposed to new ideas, progress and novelty. The isolated communities of feudal Europe
illustrate this polar case.
Creative Society
A creative society is one in which innovation has a powerful grip of the community’s imagination
and new ideas abound. Is an economy embedded in a creative society necessarily a Creative
Economy? Strictly speaking the answer is ‘not necessarily’ because an ‘esoteric case’ may happen. A
society where new ideas abound but the innovations have little or no economic relevance falls into
the category of ‘creative society.’ However, the corresponding economy cannot be considered as a
creative economy because one of the defining characteristics of this special type of economy is the
production of profitable new ideas.
A case in point is the Athenian society (500 BC or thereabouts). Many new –and fundamental– ideas
were created: democracy, procedures to establish (or confute) arguments, and philosophical
insights. The Athenian society was a creative society. However, those ideas did not have economic
value in a fundamental way, and therefore, the economy associated with the Athenian society was
not a creative economy.15
As will become apparent, the notion of a creative economy was also envisaged by Michael E. Porter.
Porter’s (1990) pioneering four-year study of the patterns of competitive success in ten leading
trading nations (Denmark, Germany, Italy, Korea, Japan, Singapore, Sweden, Switzerland, the United
Kingdom, and the United States) is the origin of his narrative model presented in Chapter 10 of The
Competitive Advantages of Nations. According to Porter, economic development (or economic
evolution) is a sequential process where the economy travels across different stages over time to
increase the standard of living of its residents.
13

There is one slightly ambiguous feature of the characterization of an innovation as a new idea. In practice,
the word ‘new’ requires qualifications (“new to the world”, “new to the market” and so on).
14
For more details, see Appendix C.
15
Socrates (469-399 BC) invented the Socratic Method, an important innovation in the field of critical thinking
but not a profitable new idea.

23

3. A Narrative Model of Economic Evolution
Economic evolution can be thought of as a sequential process. The economy follows a pattern of
change over time consisting of different stages accompanied by a specification of both the order in
which the economy progresses through the stages and the conditions required for the transition
from one stage to another.
Stylized Economies
To fix ideas, suppose that a hypothetical economy goes through three stages of evolution. Whenever
the economy is located in a particular a stage of evolution, the economy is characterized by a set of
distinguishing features i.e. an economy will display different defining characteristics depending on
the particular stage of evolution.
The representative economy of the first stage is called “factor-driven economy.” The factor-driven
economy is focused on resource extraction, assembly, and labour-intensive manufacturing. Firms
produce primary commodities or relatively simple products of long-standardized technology
designed abroad. Unskilled labour is pervasive. Low labour cost and unprocessed natural resources
are the dominant sources of competitive advantage and exports. Primary economies are those that
compete on both price and low cost of resources. This kind of economy is highly sensitive to
commodity price fluctuations and exchange rate volatility.
After a period of transition, the factor-driven economy transforms into an “efficiency-driven
economy.”
In the efficiency-driven economy the emphasis is on efficiency in producing standard products. In this
type of economy manufacturing plays a major role. Capital-intensive firms are more dominant.
Efficiency in producing standard products becomes the key source of competitive advantage, but
technological change is largely exogenous for the economy in question (new technology and designs
come from abroad although some domestic firms begin to develop the capacity to improve on
them). Price competition is the predominant form of economic competition.
Finally, after another transitional phase the efficiency-driven economy morphs into an “innovationdriven economy”. Innovation becomes a pervasive and important economic activity. Price
competition is still highly relevant for the economy as a whole, but competition through innovation
is intense in sectors where technological change is important, such as telecommunications and
computers. In this kind of economy, the ability to produce new products at the global technological
frontier becomes the dominant source of competitive advantage. An innovation-driven economy is
likened to –or perhaps indistinguishable from– a creative economy.
These three stylised types of economies do not purport to capture everything about real economies.
No country will fit a stage exactly. Furthermore, it should be clear that there are two transitional
phases (from stage 1 to stage 2, and from stage 2 to stage 3) that have to be taken into account in
order to articulate the notion of economic evolution as a sequential process. Given the appropriate
circumstances, the hypothetical national economy gradually moves from one stage to another.
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Porter Development Path
The Global Competitiveness Reports published by the World Economic Forum have established
intervals of GDP per capita (in $US) to identify stylized economies in the real world. For example, any
economy with GDP per capita greater than $17,000 is considered an innovation-driven economy
operating in phase E of Diagram 1.
In brief, this imaginary and stylized economy evolves along a path in five phases: phase A (or stage
1), phase B (transitional phase), phase C (or stage 2), phase D (transitional phase), and phase E (or
stage 3). We call this path the Porter Development Path.
What is the use of all this? The Global Competitiveness Reports are used to associate national
economies with stylized economies. For example, according to the Global Competitiveness Report
2016-2017, GDP per capita for Argentina and Australia were US$13,589 and US$50,962, respectively.
Therefore, Argentina is an economy in transition operating in phase D and Australia is an innovationdriven economy operating in phase E (see Diagram 2.1). It should be emphasized that there is no
guarantee that moving along this path will occur for all economies. In practice, relatively few
countries are successful. Some may get stuck in a particular phase.

Diagram 2.1
Different types of economies
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4. Innovation as an Economic Activity: A Three-dimensional Model
One of the striking features of our society is the incessant urge for the creation, adoption and
diffusion of innovations. There are many sorts of innovations: business, social, artistic, for example.
A creative economy has sharp focus on business innovations. These innovations are new ideas (think
of new products or new processes or new marketing methods or new forms of organization)
introduced in the economy with the intention of making money. Consequently, the production of
business innovations is an economic activity.
Innovation as an economic activity is a complex phenomenon. To understand complex phenomena it
is often necessary to construct simple models to organize our thinking. The simplest model
innovation as an economic activity affirms that there are three discernible ‘dimensions’ that lie in
the background of this activity, namely: creativity, intellectual property, and innovation
environment.
Dimension 1: Creativity
To see the inner meaning of this dimension, we just have to note that there would be no new ideas
without people using their personal creative energies. Innovators pursue the three Fs: Fame,
Fortune, and Freedom. They are the stuff of which dreams are made. It is no exaggeration to say that
the vast majority of new ideas emerge because people and organizations want monetary gains from
their creative efforts.
Dimension 2: Intellectual Property
The act of innovation typically creates intellectual property, and governments help innovators to
protect this kind of property. Innovators protect their new ideas using patents, copyrights, trade
secrets, and trademarks.
Dimension 3: Innovation Environment
Innovators do not operate in a vacuum. They need a fertile ecology to produce new ideas.
Innovation is unlikely in a society that is extremely traditional because the creation of new ideas
requires diversity and tolerance.
The three dimensions of innovation can be assembled in one picture that provides a visual model.
For lack of a better term we will refer to it as the Background Model (see Diagram 2.2). It is not
difficult to see that any relevant topic concerning business innovation is included at least in one of
the three dimensions.16

16

Although the dimensions were described separately, this is done only for expository purposes. In the real
world the three dimensions are intertwined.
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Diagram 2.2
The three dimensions of innovation as an economic activity
5. The Essentials of a Creative Economy: Ideas and Human Capital
Research pioneered by Paul M. Romer has unravelled the codes of a creative economy. Stripped to
its bare essentials a creative economy revolves around two elements: ideas and human capital. The
mastery of the meaning of these terms is absolutely essential for anyone willing to understand how
the creative economy works.
Ideas and Human Capital
Ideas and human capital are familiar notions. These concepts are often conflated but are logically
distinct. The concept of ‘idea’ means any conception such as, for example, any opinion, knowledge,
view or belief, existing in the mind; ‘human capital’ consists of the intangible resources (e.g. personal
knowledge) possessed by individuals and groups within a given population.

27

Almost thirty years ago Nobel Prize winner Paul M. Romer emphasized that ideas and human capital
are inherently different products. Romer refines this familiar characterization of ‘idea’ and ‘human
capital’ by locating these concepts on two distinguishable planes. On one plane, ideas are
knowledge or information that can be stored in places outside the human brain such as books,
videos, compact disks, and memory sticks (USBs). On the second plane, human capital is the stock of
education, training, and experience stored in the human brain.
To understand the conceptual difference between ideas and human capital, it helps to have
concrete examples in mind. Sir Isaac Newton (1642-1727) formulated the law of gravity (idea). His
human capital does not exist any longer, but the law of gravity has lived on after he died. The great
English economist Alfred Marshall (1842-1924) introduced the idea of elasticity of one variable with
respect to another. His human capital does not exist any longer but the concept of elasticity lives
after he is gone. Additional examples pointing out the difference between ideas and human capital
abound.
Ideas and human capital are tightly linked in real life. For example, ideas are used in the educational
process (think of textbooks) to produce human capital and human capital produces ideas (e.g. a new
statistical tool).
Note 1

ß Socrates and the written word

The separation between ideas and human capital is a deep insight. Historically speaking, the
separation became clear with the invention of writing to represent the spoken word. Apparently, the
Greek philosopher Socrates was the first thinker to point out an implication of the bifurcation of
ideas/human capital. According to Plato’s Phaedrus, Socrates lamented the development of writing.
Specifically, he feared that as people came to rely on the written word (as a substitute for the
knowledge they used to carry inside their brains), they would slow down the exercising of their
memory, become forgetful and less creative. He could not foresee that the many ways of writing and
reading would serve to expand our memory and spur fresh ideas. This should not be surprising
[Remember that the arrival of Gutenberg’s printing press happened in the 15th century (1453)]
Note 2

ß Tacit knowledge

Human capital includes the skills absorbed in early childhood programs, the skills accumulated in
primary school, secondary school, tertiary education, and on-the-job training. But there are also
other skills stored in the human brain referred to as tacit knowledge. The key insight underlying this
type of knowledge is that a person can know how to do things, without being able to describe how
to do it. This is a special type of knowledge used by those who possess it, but it is not easily
communicated to others.
Tacit knowledge is difficult or impossible to put in a codified form (perhaps ‘indefinable knowledge’
might be a better expression). The skills of a master craftswoman are not learned from a textbook,
but during years of experience and apprenticeship. Tacit knowledge tends to be transferred by
teachers to students by doing things together (think of a dance class) and by working through
examples (doing mathematics depends to some extent on intuitive understanding that sometimes
cannot be put down).
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Ideas with Economic Value
There are many kinds of ideas but in this book we are interested in ideas with economic value, that
is, ideas created with the intention of making money. It should be clear that ideas with economic
value and business innovations mean the same thing. It should also be clear that any new idea with
economic value might be rejected by the market, and therefore, would be an unsuccessful business
innovation.
Example
Necessity is an important source of new ideas. A new parent would pay just about anything to get a
baby to sleep after weeks of sleepless nights. Hana-Lia Krawchuk could not get her son, Elijah, to
sleep through the night. Hana-Lia came up with a new idea with economic value: at the kitchen
table, with needle and thread, she stitched a swaddling suit with sleeves raised above the head. Her
swaddling suit worked remarkably well. Elijah was able to sleep through the night. Hana-Lia
patented her innovation (the swaddling suit) and created a new firm, Love to Dream. The company
grew at 35% a year in the period 2014-2016, with exports to 45 countries.
Profitable New Ideas
Reverting to the notion of a creative economy, we can observe that an integral part of the definition
is “profitable new ideas”. Profitable ideas are economic ideas that in fact earn money. It follows at
once that profitable new ideas and successful business innovations are indistinguishable. The
introduction of the Personal Computer (PC) by IBM in 1981; Windows by Microsoft in 1985; iPhone
by Apple in 2007; iPad by Apple in 2010, and Snapchat by Murphy and Spiegel in 2011 are
outstanding examples of successful innovations in the IT sector.
6. The Mechanics of a Creative Economy
One question immediately suggests itself. How does a creative economy work? The mechanics of a
creative economy involves two principles that allow us to see what is truly important in this special
kind of economy. Both principles emerge from direct observation of the real economic world and
recognize the deep insights contributed by Joseph Alois Schumpeter.
Perpetual Innovation
Before going into the principles that govern the way a creative economy works, we must pause for a
moment and ask: is innovation in the real world likely to stop? It is very unlikely that innovation
stops. To see this, consider the line of reasoning inaugurated by Paul M. Romer. An innovation is a
new idea, and a new idea is always the recombination of old ideas (this tenet is called ‘recombinant
innovation’). For instance, the innovation ‘body-pump’ introduced in the fitness industry in 1995 is a
physical exercise consisting of a combination of weights (old idea) and music (old idea).
The number of new ideas is fantastically large because combinatorial possibilities explode very
quickly. For example, if the number of existing ideas is equal to twenty (20), the number of new
ideas (denoted by NI) that can be generated by reconfiguring 20 ideas turns out to be: NI = 1018.4 (10
to the power of 18.4). This number results from selecting and arranging, in order, 20 objects from 20
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objects. The size of this number is beyond imagination.17 In brief, reordering existing ideas is an
immense source of NI.
Basic Model of a Creative Economy
A conceptual model highlighting the essential mechanisms underlying a Creative Economy consists
of three building blocks (ideas, human capital and non-human capital) and two principles that we do
not propose to question. Because this model is just a starting point we will call it the Basic Model.
Principle 1 (Recombinant Innovation): There is incessant reconfiguration of ideas into new valuable
ideas that themselves have the possibility of later becoming reconfigured into yet new ideas.
Principle 2 (Creative Destruction): Profit-seeking innovators try to achieve market dominance by
creating better products than their competitors. Over time the new products displace old ones, earn
substantial profits for some period of time, and are replaced in turn.
These principles are consistent with the empirical evidence and we do not propose to challenge
them. Both principles are associated with the Harvard economist Joseph Alois Schumpeter. The
notion of recombinant innovation goes back at least to Schumpeter (1934). In his 1942 book
Capitalism, Socialism, and Democracy, he described capitalism as a process of “creative destruction”
in the sense that new innovations replace old technologies (think of new products destroying old
products).
It should be clear that Principles 1 and 2 mean that in a creative economy the interaction between
ideas and human capital is never ending. This reciprocal influence resembles a perpetual motion
machine.18 It should also be clear that any model of a creative economy based on Principles 1 and 2
presupposes the existence of creative people (homo creativus) in a fundamental way. Homo
economicus cannot be the central economic agent in this type of economy simple because he does
not innovate and never will.
Diagram 2.3 assembles the components of the Basic Model (building blocks and principles) in a
single picture. Recombinant innovation and creative destruction constitute useful conceptual tools
to gain an understanding of the workings of a creative economy, but innovations do not fall like
manna from heaven. Instead, they are created by human beings, in the process of trying to solve
production problems, to find new and better ways of doing things, to profit from opening up new
markets. To gain further understanding of the mechanics of a creative economy it is necessary to
develop the content of the three dimensions of the Background Model.

17

See Romer (1993) “Ideas and Things.” Mathematically speaking 1018.4 = 20! The symbol “!” means “factorial”
and factorial, in turn, means the product of an integer and all the integers below it; for example, factorial four
(denoted by 4!) is, by definition, 4´3´2´1 (equal to 24).
18
A perpetual motion machine is a theoretical device that would continue to operate forever without receiving
any internal energy.
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Diagram 2.3
The components of the Basic Model

Chapter Summary
n The notion of a creative economy was initially envisaged by Joseph
Alois Schumpeter in The Theory of Economic Development (first
published in German in 1911), empirically isolated by Michael M.
Porter in The Competitive Advantage of Nations (first published in
1990), and theoretically analysed by Paul M. Romer in his pathbreaking paper “Endogenous Technological Change” published in
1990). Neither of them used the expression ‘creative economy’ in
their writings.
n An innovation is a new idea and the generation of a new idea tends
to be associated with a creative act.
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n A creative economy is defined in this book as a profit-oriented,
market guided economy in which the improvement of the standard
of living of its residents is substantially based on the production of
profitable new ideas.
n New ideas introduced in the economy with the intention of making
money are called business innovations.
n The simplest model of innovation as an economic activity
(Background Model) identifies three dimensions: creativity,
intellectual property, and innovation environment.
n Ideas and human capital are often conflated but are logically distinct.
n Ideas are knowledge or information stored outside the human brain.
n Human capital is the stock of education, training and experience
stored in the human brain.
n Ideas with economic value and business innovations mean the same
thing.
n Profitable new ideas are successful business innovations.
n The simplest model of a Creative Economy (Basic Model) is made up
of three building blocks –ideas, human capital, and non-human
capital– and two fundamental principles: incessant production of
innovations (Principle 1) and destruction of old products by new
products (Principle 2).
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APPENDIX C: IDEAS AND HUMAN CAPITAL AS ECONOMIC PRODUCTS
We have now finished our broad sweep of the creative economy. The time has come to get out the
microscope and to bring into sharp focus the different attributes of ideas and human capital as
economic products. In thinking about the various products in the economy, it is useful to classify
them according to different characteristics.
There are two different classifications of products. One classification is based on whether or not the
use of a product by one person precludes its use by another. The second classification revolves
around property rights.19
I.

Classification of Products # 1: Rivalness

w Rival products

A product is rival if its use by one person precludes its use by another person.
A hard copy of a book is a rival product because when I read it at home you are precluded from
reading it at the same time. Likewise, human capital is a rival product under the assumption that we
do not put what we know in writing or any other means of communication.
w Non-rival products

A product is said to be non-rival if its use by one person does not reduce the ability of another
person to use the same product.
Ideas are non-rival products because knowledge store outside the human brain can be used by many
people simultaneously without reducing the ability of any person to use the same knowledge (see
Diagram 2.4).

Diagram 2.4
Classification # 1: Rival/ non-rival products

19

Appendix B draws heavily on Romer (1992)
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Examples of non-rival products abound: an e-book (when I read it at home you are not precluded from
reading it simultaneously), a recipe for making a cake (its use by one person does not preclude another
person from using the same recipe simultaneously), access to the Internet (the use of the Internet by
a particular person does not prevent another user from getting on to the same network), a radio
broadcast (it can be received by any number of listeners without any reduction in the ability of other
listeners to tune in), and digital information are a few.
Hypothetical example
It should be noticed that the difference between rival and non-rival products is subtle. To see this,
consider a hypothetical example. Suppose that a firm carries out research and development and
creates a new software product consisting of a software code. Assume, in addition, that the software
product is embedded in a USB. This means that the software product can be “bifurcated” into an
idea (software code) and a physical object (USB). This is illustrated in Diagram 2.5.

Diagram 2.5
Conceptual bifurcation of a software product using classification # 1

Note

ß The 3-4-5 triangle rule and the carpenter

The difference between ideas and human capital can be illustrated with a concrete example. A right
triangle is a triangle in which one angle is a right angle (that is, a 90-degree angle). The longest side
opposite the right angle is called the hypotenuse. The Pythagorean Theorem says that “the square of
the hypotenuse of a right triangle is equal to the sum of the squares of the lengths of the other two
sides.” In symbols Pythagoras’ theorem states that a2 + b2 = c2, where a and b are the lengths of the
other sides, and c is the length of the hypotenuse. For example, a = 3, b = 4 implies 32 + 42 = 52.
The Pythagorean Theorem is an idea that can be found, for example, on the Internet. Carpenters use
this idea to build square corners by constructing a triangle with sides in the proportions, 3, 4, and
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5.20 Human capital here consists of connections between neurons in the carpenter’s head, a rival
product. Note that every carpenter in the world can use the 3-4-5 triangle rule at the same time
without reducing the ability of the other carpenters to use the same rule.
II.

Classification of Products # 2: Excludability

As a reminder, you have property rights on an item when you own or have exclusive rights to use
that item.
w Excludable product: property rights can be enforced.
For example, the mobile phone that I own is excludable. Legally, you cannot use my mobile phone
without my consent. Also, human capital is an excludable product: there is no way for anyone to use
my human capital without my consent –at least unless they use force. Ideas protected by trade
secrets are also excludable products.
w Partially excludable product: property rights exist but are difficult to enforce.
Property rights on elephants and rhinos are not easy to enforce. Patented ideas are partially
excludable products because competitors “invent around” using the information contained in the
patents.
w Non-excludable product: property rights cannot be established or enforced.
Fish in the ocean beyond maritime boundaries is a non-excludable product. Ideas in Wikipedia are
non-excludable products.

Diagram 2.6 takes advantage of classification # 2 to discern different kinds of ideas.

Diagram 2.6
Different degrees of excludability
Hypothetical Example (Cont.)
We revert to our hypothetical example to make the following point: property rights can be
established on the software code (e.g. a patent or copyright) but copy protection can be infringed
(software piracy is a pervasive phenomenon). The USB is totally excludable. As a result, the software
code is at least partially excludable (it might be completely excludable using a trade secret) and the
USB is excludable. This (second) bifurcation of the software product is illustrated in Diagram 2.7.

20

A 3-4-5 triangle is a right triangle where 3 and 4 are the lengths of the shorter sides, and 5 is the length of
the hypotenuse. If a triangle has sides measuring 3, 4, and 5 feet (or any other unit) it must be a right triangle
with a 90º angle between the short sides. If you can "find" this triangle in your corner, you know the corner is
square.
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Diagram 2.7
Conceptual bifurcation of a software product using classification # 2

III.

Two-way Classification of Products

Using the preceding classifications we can generate different categories of products. This can be
easily seen: superimposing classifications # 1 and # 2 yields a two-way classification of products (see
Diagram 2.8).

Diagram 2.8
The two-way classification of products with examples
Category I (Private goods)
Private goods are both rival and excludable. Most products in the economy are private goods, like
computers, coffee makers, washing machines, deodorants and so on. Human capital is a private
good. Unless my human capital is converted into a non-rival product (for example, by putting what I
know in writing) my human capital is both rival and excludable.
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Category II (Quasi-private goods)
Rival products which are partially excludable (e.g. elephants, rhinos) may be called quasi-private
goods.
Category III (Common resources)
Products that are rival and non-excludable are called common resources. A typical example is fish in
the ocean beyond national boundaries. The product ‘fish in the ocean’ is rival because when one
person catches fish, there are fewer fish for you to catch and we mentioned before that it is nonexcludable. In some African countries, elephants are a common resource. They are a rival product
without any owners.
Category IV (No name)
In this category we find ideas that are fully excludable.
Category V (No name)
This category includes ideas protected by patents or copyrights.
Category VI (Public goods)
Public goods are both non-rival and non-excludable. A public good is available to everyone
everywhere (normally within national boundaries) and people are not charged for the use of the
public good. ’Free-to-air-TV signals’ and ‘national defence’ are standard examples of public goods.
Linchpin category
Categories IV and V can be agglomerated to create a conceptual category for sharpening thinking
about a creative economy. In fact, the agglomeration yields a linchpin category for understanding
ideas as economic products. Ideas with economic value are always non-rival and at least partially
excludable
It should be clear that ideas and human capital have different attributes as economic products. Ideas
are always non-rival and at least partially excludable. Human capital is a private good. A glance at
Diagram 8 shows that equating ideas with human capital is misleading.
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APPENDIX D: THE CREATIVE ECONOMY AND ENDOGENOUS GROWTH THEORY
Opening Remark
There are many mathematical models that develop the deep insights provided by Principle 1
(Recombinant Innovation) and Principle 2 (Creative Destruction). These models fall within the socalled “endogenous growth theory.” The outstanding pioneers are Paul M. Romer (1990) and Aghion
and Howitt (1992) for principles 1 and 2, respectively. But there are many others. 21
Because we assume that the readers of this book may not be familiar with the progress in economic
growth theory, we must pause for a moment to briefly explain recent developments in the
economics of growth. We start by introducing a very useful formula that expresses the economy’s
growth rate as a combination of simpler components.
Solow Decomposition Formula
We must pause for a moment to introduce a very useful formula that expresses the economy’s
growth rate as a combination of simpler components. The simple, yet fundamental question in
economic growth theory is: what determines the rate of economic growth? The short answer is
factor inputs (labour and capital) and technological progress (elements that affect productivity such
as innovation and imitation). The standard formula used to separate the components of economic
growth is as follows. If g represents the economy’s growth rate, then
g = l + k + r,
where l denotes the contribution of labour, k the contribution of capital and r is technological
progress. This formula –known as the Solow decomposition formula– separates out the contributions
of the three immediate elements driving observed economic growth.
Note carefully that the Solow decomposition formula does not make any behavioural assumptions
on its components (singly or jointly). For example, looking at the Solow formula alone we cannot say
whether ρ is given (exogenous) or is explained by market incentives (endogenous).
Old Growth Theory
Old growth theory, as developed by Nobel Prize winner Robert M. Solow in his 1956 paper “A
Contribution to the Theory of Economic Growth”, Quarterly Journal of Economics, dominated
economists’ thinking about long-run economic growth for more than 30 years. The old growth
theory assumes that technological progress is exogenous, that is, technological progress is a black
box, and technology is a public good, i.e. technology is available to everyone for free.
Solow (1957) empirically showed that the lion’s share of economic growth was accounted for by
technological progress emerging from the contributions by innovations and imitations. Increases in

21

Readers interested in the foundations of modern growth theory, from the neoclassical paradigm to the
current frontier in growth theory, can find valuable material in the ground-breaking book Introduction to
Modern Economic Growth by Acemoglu (2009).
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factor inputs (labour and capital) could empirically explain only a small proportion of observed
growth in industrial countries. The interpretation of this result is that economic growth cannot be
understood solely in terms of the accumulation of labour and capital.
The fact that technological progress is the most important component of economic growth stands to
this day. But in the old growth theory technological progress is a black box. Consequently, the old
growth theory left the most important part of economic growth (r in the Solow decomposition
formula) unexplained.
Endogenous Growth Theory
Endogenous growth theory goes inside the black box and provides an explanation of technological
progress in terms of innovations taking place largely in response to the profit motive. Furthermore
endogenous growth theory drops the assumption that technology is a public good and assumes that
technology has proprietary aspects.
Endogenous growth theory started with the seminal 1990 paper “Endogenous Technological
Change” by 2018 Nobel Prize winner Paul M. Romer. This paper ended the dominance of the
Solowian approach.
Aghion and Howitt (1992) operationalized Schumpeter’s notion of creative destruction. Their
approach was initiated in 1987 at MIT, where Philippe Aghion was a first-year assistant professor
and Peter Howitt a visiting professor on sabbatical from the University of Western Ontario. More
precisely, Aghion and Howitt (1992) constructed a mathematical model of the competitive process
by which innovators are constantly looking for new ideas that will render their rivals’ ideas obsolete.
By focusing on innovation as a distinct economic activity, this approach opens the door for further
understanding of how firms, institutions, and government policy interact.22
Innovation and Economic Growth
The Royal Swedish Academy of Sciences awarded the Sveriges Riksbank Prize in Economic Sciences
in Memory of Alfred Nobel 2018 to William D. Nordhaus (“for integrating climate change into longrun macroeconomic analysis”) and Paul M. Romer (“for integrating technological innovations into
long-run macroeconomic analysis”).

According to the Royal Academy of Sciences,
Romer’s solution, which was published in 1990, laid the foundation of what is now
called endogenous growth theory. The theory is both conceptual and practical, as it
explains how ideas are different to other goods and require specific conditions to
thrive in a market. Romer’s theory has generated vast amounts of new research into
the regulations and policies that encourage new ideas and long-term prosperity.

22

The extension of the old growth theory to the endogenous growth theory exemplifies the fact that
knowledge in economics is cumulative.
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Models of endogenous growth theory are developed using advanced mathematics. In particular
Romer’s model involves fairly difficult mathematics. However, the essence of Romer’s model can be
described in non-mathematical terms.
Romer’s Model: Integration of Five Premises
One of the most important achievements of Romer’s work is the integration of five premises in a
general equilibrium model.
Premise : Recombinant innovation
ß (Schumpeter 1934, p. 68)
The act of innovation consists of reconfiguring old ideas to produce new ideas.
Premise : Profit motive and new ideas
ß (Schmookler 1966, p. 208)
Innovation is essentially an economic phenomenon, or at least explicable in economic terms.
Premise : Proprietary aspects of new ideas
The act of innovation is typically imperfectly appropriable.

ß Nelson (1982))

Premise : Increasing returns and new ideas
ß Romer (1990a)
The existence of intangible inputs renders increasing returns inevitable.
Premise : Ideas and human capital
ß Romer (1990b)
Ideas and human capital are inherently different economic products.
What does all this mean? Somewhat roughly, the message conveyed by Romer’s model is that
economic growth can be understood in terms of the creation of new ideas. Romer explains the
intuition behind his model as follows:
Economic growth occurs whenever people take resources and rearrange
them in ways that are more valuable. A useful metaphor for production in
an economy comes from the kitchen. To create valuable final products, we
mix inexpensive ingredients together according to a recipe. The cooking one
can do is limited by the supply of ingredients, and most cooking in the
economy produces undesirable side effects. If economic growth could be
achieved only by doing more and more of the same kind of cooking, we
would eventually run out of raw materials and suffer from unacceptable
levels of pollution and nuisance. Human history teaches us, however,
that economic growth springs from better recipes, not just more cooking.
New recipes generally produce fewer unpleasant side effects and generate
more economic value per unit of raw material.
Romer (1993)
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Chapter 3 ¤ Creativity and Intellectual Property

Concise Preview

Our task in this chapter is to explore Dimensions 1 (Creativity) and Dimension 2
(Intellectual Property) of the Background Model sketched in Chapter 1.
o Innovators perform different types of creative thinking. Logical thinking,
lateral thinking, imaginary thinking, and critical thinking are described
and illustrated in this chapter.
o Intellectual property is materialized with legal tools: patents, copyrights,
trade secrets, and trademarks. This chapter draws the line of separation
between them.
o Appendix D and E explain additional details for Dimension 1 and 2,
respectively.
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1. Introduction
It is not unusual to find analysts arguing with terms such as innovation and creativity. We are not
going to undertake the task of drawing the line of separation between innovation and creativity
because the two notions are intertwined. The reason is obvious. An innovation is a new idea, and a
new idea involves a creative act.
What do we know about the creative act? Not much. Creativity is a black box or magic machine –
you have to ask your brain to think of something and hope that out of nowhere you get a “little
bolt.” However, what we do know is that creativity (be it in arts, mathematics, business or anything
else) occurs by combining existing ideas into new, different ideas.
There are basically two attitudes toward the creative act. One possibility is to claim that the “little
bolt” is an absolutely random event, and therefore, lady luck calls the shots. This view involves an
element of defeatism, i.e. acceptance of defeat without struggle. Another possibility is found at the
opposite extreme. Many analysts believe that anyone can be an innovator.
We do not know what is inside the black box sparking off the “little bolt,” but it seems reasonable to
conjecture that innovators connect ideas to create new ideas. Innovators excel at connecting
seemingly unconnected things. The creative associations often come from creative thinking.
Suppose that the “little bolt” happens and you create a new idea. Typically, you would like to protect
your new idea. Intellectual property enables people to earn recognition or financial benefit from
what they create. Protecting ideas with economic value is not new.
The recorded history shows that technologies were protected by extreme means in Venice. At the
beginning of the 15thcentury there were two competing mathematical technologies: abacists (who
used the abacus and Roman numerals) and algorists (who used algebraic formulas and Arabic
numerals). Each group of technicians guarded their technologies carefully, making their students
sign blood oaths never to reveal their secrets. Venetian glass was also protected by extreme means.
People born on the Venetian island of Murano could never leave because the might reveal the
technology used to produce glass.
2. Creative Thinking
What is inside the minds of successful innovators? How do they go about their business? The short
answer to these questions is: innovators perform “creative thinking.” They look at problems or
situations from a fresh perspective. Creative thinking involves different procedures or types of
thinking such as, for example, logical thinking, lateral thinking, imaginary thinking, and critical
thinking. These procedures tend to be dispersed in different sources of learning, and therefore, it
may be convenient to describe the distinguishing features attached to each of them.
Logical Thinking
Logical thinking is reasoning that is coherent. For example, consider an innovation policy based on
the assumption that innovators are profit-seeking creatures and proposing that their private ideas
should be freely available in order to encourage innovation as an economic activity. The policy is
incoherent. The reasoning is illogical. Innovators need to have a material incentive to create new
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ideas with economic value; they must be able to reap for themselves some fruits of their activities. If
their new ideas can be used by other people without paying for them, innovation is extremely
unlikely to happen.
If we want to be more precise, we have to mention that there are two types of logical thinking:
logical inference and reliable inference. Logical inference is an inference in which granted the truth
of the premises (or assumptions) the conclusions must be true.23 Logical inference is based on the so
called “If-then” scheme. Somewhat roughly, this means inferences of the form: “If this works like
this, and like that, the result must be such and such.” In logical inference, the conclusions necessarily
follow from the assumptions. Mathematics is a very powerful tool for making logical inferences.
Example 1
The use of logical inference is quite common in economics. In most –if not all– introductory
microeconomics texts you will find the assertion: “If a firm maximizes profits, then it can be shown
that marginal revenue (MR) must be equal to marginal cost (MC).” The assumption is profit
maximization and the conclusion is MR = MC.
In reliable inference the conclusions do not necessarily follow from the premises with logical
compulsion but there are reasons to believe that the conclusions are correct.
Example 2
The type of reasoning performed by fictional detectives to untangle seemingly intractable puzzles
falls into the category of reliable inference. For example, in “A Scandal in Bohemia” Sherlock Holmes
and Dr Watson are faced with a mystery. An unknown gentleman wants to consult Sherlock Holmes
about a strictly confidential matter (the anonymous request came by the last post). The note is
without signature or address, and says that the man will wear a mask when meeting Holmes. They
are trying to draw conclusions about the country of origin of the unknown gentleman by examining a
sheet of thick pink-tinted note-paper that came by the post. Dr Watson says:
“The man who wrote it was presumably well-to-do. Such paper could not
be bought under half a crown a packet. It is peculiarly strong and stiff.”
“Peculiar – that is the very word,” said Holmes. “It is not an English paper
at all. Hold it up to the light.”
I [Dr. Watson] did so, and I saw a large E with a very small g, a P, and a
large G with a small t woven into the texture of the paper.
“What do you make of that?” asked Holmes.
“The name of the Maker, no doubt; or his monogram, rather.”
“Not at all. The G with the small t stands for ‘Gesellschaft,’ which is the
German for ‘Company.’ It is a customary contraction like our‘Co.’ P, of
course, stands for ‘Papier.’ Now for Eg. Let us glance at our “Continental
Gazetter.” He took down a heavy brown volume from his shelves.
“Eglow, Eglonitz – here we are, Egria. It is a German-speaking country
– in Bohemia, not far from Carlsbad. ‘Remarkable as being the scene of
the death of Wallenstein, and for its numerous glass factories and
23

Sometimes logical inference is referred to as “vertical thinking.”
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paper mills.’ Ha, ha, my boy, what do you make of that?”
His eyes sparkled, and he sent up a great blue triumphant cloud from
his cigarette.
“The paper was made in Bohemia,” I said.
“Precisely. And the man who wrote the note is a German. Do you
note the peculiar construction of the sentence –‘This account of you
we have from all quarters received.’ A Frenchman or Russian could
not have written that. It is the German who is so uncourteous to his
verbs. It only remains, therefore, to discover what is wanted by this
German who writes upon Bohemian paper, and prefers wearing a
mask to showing his face. (…)
(Doyle 1982, pp. 9-10)
Sherlock Holmes performs reliable inference, not logical inference. Strictly speaking, the pink-tinted
note-paper could have been made in another German speaking region and the man who wrote the
note could have been French.
Lateral Thinking
The term “lateral thinking” was introduced by Edward de Bono (1967). The traditional Western
thinking system revolves around judgements such as yes/no, right/wrong, and true/false. This sort of
system tends to be incomplete or inadequate at dealing with change. De Bono claimed that dealing
with change requires “what can be” more than “what is.” Expressions such as “usually” and
“sometimes” are acceptable in place of the “always” and “never” of the traditional thinking system.
The system of thinking should allow you to freely associate different aspects or elements without
being constrained by logical rigour. This does not mean that ultimately anything goes; it means that
to generate new ideas one often has to disregard the rigidity associated with logical inference. For
those fond of novelty, loose thinking about vaguely formed intuitions may have potential to create
big new ideas.
Lateral thinking is a tool which seeks the solution to a problem located in a particular area by making
associations with other seemingly unrelated areas, rather than pursuing one logical train of thought
focusing on the original area. de Bono distinguished vertical thinking (logical inference) from lateral
thinking, and suggested that lateral thinking may be a more effective way of engendering new ideas.
It should be emphasized that lateral thinking is not a substitute for vertical thinking but a
complement. Typically lateral thinking generates new ideas and vertical thinking develops them. The
difference between lateral thinking and vertical thinking can be easily grasped: with vertical thinking
logic in control of the mind, whereas with lateral thinking logic is at the service of the mind.
Getting new ideas from a given set of premises following the rules of logical inference tends to
become increasingly difficult. It is like digging for oil in the same hole deeper and deeper. Lateral
thinking is trying again elsewhere. In de Bono’s own words:
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It is not possible to dig a hole in a different place by digging the same hole
deeper. Logic [logical inference] is the tool that is used to dig holes deeper
and bigger, to make them altogether better holes. But if the hole is in the
wrong place, then no amount of improvement is going to put it in the right
place. No matter how obvious this may seem to every digger, it is still easier
to go on digging in the same hole than to start all over again in a new place.
Vertical thinking is digging the same hole deeper; lateral thinking is trying
again elsewhere.
(de Bono 1968, p. 26)
The beauty of lateral thinking is that it is open to everyone because it does not depend on sheer
intelligence. Unfortunately, lateral thinking is still a primitive art.
Example 3
The use of analogies to create new ideas is an example of lateral thinking. To design a new product B
we can make an analogy between product A (which is well-understood) and product B. This may
suggest certain ways to approach the design of B and certain hypotheses to test, without implying
that because they are valid for A they are necessarily valid for B. In other words, to design product B
we see “what makes product A work.”
Imaginary Thinking
This type of creative thinking is based on mental images of entities that do not exist in reality. For
example, the kind of reasoning used by J. K. Rowling when writing about Harry Potter falls into the
category of imaginary thinking. Another example is science fiction, that is, a fiction which draws
imaginatively on scientific knowledge and speculation in its theme.
Example 4
Examples of imaginary thinking in economics do not abound but can be easily construed. Reverting
to our imaginary humans introduced in Chapter 1 (economic man and creative man), suppose that
you asked economic man “What do you do for a living? He would answer: “I optimize. I accept
reality as it is. Give me the relevant information and I will compute the most profitable outcome that
can be achieved. I am both efficient and conformist.” If we asked the same question to creative man,
he would answer: “I range widely and am determined, often in the face of opposition and scorn. I
notice, I remember, I see, and above all, I rearrange existing ideas into new ideas with economic
value. I am both creative and rebel.”
In a sense, economic man is a conservative, focused on the status quo and maximizing benefits from
the existing situation. Creative man, in contrast, is more radical, excited by change and its prospects,
rejecting the existing situation, with an eye to the future and the profits that can be gained from
new products or new processes or new forms of organization.
Critical Thinking
Critical thinking also has a role in relation to the search for new ideas. It is generally agreed that

Socrates was a pioneer of critical thinking. His method of questioning is often referred to as
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‘Socratic method’ and is the best known critical thinking teaching strategy. Confused
meanings, inadequate evidence, or self-contradictory beliefs often lurked beneath smooth
but largely empty rhetoric. In his mode of questioning, Socrates highlighted the need in
thinking for clarity and logical consistency.24
Socrates’ practice was followed by Plato (who recorded Socrates’ thought), Aristotle, and
the Greek sceptics, all of whom emphasized that things are often very different from what
they appear to be and that only the trained mind is prepared to see through the way things
look to us on the surface (delusive appearances) to the way they really are beneath the
surface (the deeper realities of life).
Critical thinking involves careful analysis and judgment of a given approach to deal with an
issue in order to determine both merits and faults of the approach. This is the loosest
possible definition of critical thinking. Critical thinking has potential to engender new ideas
especially when trying to improve inadequate or deficient aspects of the approach.
Example 5
As an illustration, consider a solution of the pollution problem based on a carbon tax. The
whole purpose of a carbon tax is to force economic agents (both producers and consumers)
to take into account their negative impact on the natural environment. The expected
outcomes from a carbon tax are that the tax will (a) encourage the big polluters to pollute
less; and (b) drive the technological innovations that will be energy-efficient and costreducing. To gain an understanding of the effects of the introduction of a carbon tax
economists use the familiar supply and demand model. The merit of this model lies in the
clear conclusions emerging from its application. It can be easily shown that a carbon tax will
increase the equilibrium price of electricity and reduce the equilibrium quantity of pollution
in comparison to a no-tax initial situation.
Let us apply critical thinking. Beyond any doubt, the supply and demand model is useful.
However, this model confirms expected outcome (a) but remains silent about expected
outcome (b). The supply and demand model is not fully adequate and has to be
supplemented because it is unable to deal with induced technological innovations. In 1932,
Nobel Prize winner Sir John R. Hicks introduced the model of induced innovation, which
states that changes in relative input prices should lead to innovations that reduce the need
for the relatively expensive input. For example, if the relative price of coal in terms of clean
energy goes up due to a carbon tax, innovations that reduce the need for coal should
happen.
3. Intellectual Property
Ideas are knowledge, and knowledge is an economic resource. Clearly, if knowledge once created is
freely appropriable by others we have a typical free-rider problem that severely limits the incentive
24

The word ‘critical’ derives etymologically from two Greek roots: ‘kriticos’ (meaning discerning judgment) and
‘kriterion’ (meaning standards). Consequently, ‘critical thinking’ entails the development of ‘discerning
judgment based on standards.’
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to create new ideas. Since the rewards for innovative activity are reduced by imitation, governments
intervene to give innovators specific protection. The term intellectual property relates to
intangible property associated with new ideas. Generally speaking, this kind of property is
materialized by means of patents, copyrights, trade secrets, and trademarks.
Patents
Patents give innovators the exclusive right to their respective new ideas (products, processes,
substances or designs) for a limited time only. Governments grant innovators property rights on
their innovations in exchange for making a public disclosure of their new ideas. Note carefully that a
patent does not give a patent holder an automatic right to commercializing her innovation. For
example, it is legal to patent the formula for a new drug in the USA but it is not legal to sell the drug
without Food and Drug Administration (FDA) approval.
s First Patent System: Venice 1474

One might be inclined to think that patents are relatively new instruments for protecting
innovations. However, this is not true. In 1474 a patent system was formally introduced in the
Republic of Venice. It is interesting to mention that the rationale for the patent system contains
much of the insight present in the current patent laws. As pointed out by the author of The
Economics of the Patent System,
In 1474 (…) a formal patent code was promulgated. Its preamble states:
“We have among us men of great genius, apt to invent and
discover ingenious devices … Now, if provisions were made
for the work and devices discovered by such persons, so that
others who may see them could not build them and take the
inventor’s honour away, more men would then apply their
genius, would discover, and would build devices of great utility
to our commonwealth.”
The code specified that the subject of invention had to be proven workable
and useful, if only by means of a model. (…) Also, no imitation was permitted
for ten years without express permission from the inventor.
(Kaufer 1989, pp. 5-6)
The example of Venice was followed gradually in Europe. For example, in 1624 England passed the
famous patent law entitled Statute of Monopolies.25
The United States has always been a leading country in the context of intellectual property. The
Constitution of the United States was signed on 17 September 1787 by the delegates to the
Constitutional Convention in Philadelphia. According to the US Constitution (1787) Article 1, Section
8, Clause 8: “The Congress shall have the power … to promote the progress of science and the useful
arts by securing to authors and inventors the exclusive rights to their respective writings and

25

The system of granting patents in the Australian colonies was based upon this law.
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discoveries.” The first USA patent act, written by Thomas Jefferson, was passed by congress in 1790.
Congress has revised this Act several times.
s Discoveries and Inventions

A glance at the formal patent code promulgated in Venice in 1474 suggests that both inventions and
discoveries can be patented. Today we know that there is a clear difference between “invention”
and “discovery.” Moreover, we know that discoveries are not patentable.
By definition, an invention creates or makes or constructs something new. The notion of invention is
inextricably linked to a new idea. For example, Thomas Alva Edison invented the light bulb (new
idea) and patented his invention in 1879. A discovery reveals or uncovers something that already
exists or has existed. For example, Galileo discovered (but obviously did not invent) the moons
around Jupiter. It should be clear that the kind of novelty associated with inventions is markedly
different from that of discoveries.
s Patentability Guidelines

Not every new idea is patentable. There is a dichotomy which is useful for organizing thinking about
patentability guidelines. The defining characteristic of a product of nature (or natural item) is that
the existence of the item is independent of human beings. For example, eagles, wombats, Jupiter’s
moon Io, rain, and gravity exist independently of human beings. Products of human ingenuity (or
artificial items) are created by human beings, and therefore, their existence depends on humans.
Patent laws specify the permissible categories of patentable subject matter. Products of nature are
not patentable. Products of human ingenuity can be patented. Theoretical ideas (e.g. quantum
theory, Big Bang theory, and laws of nature) are products of human ingenuity but they are not
patentable.
s Eligibility Conditions

A new idea26 is a product of human ingenuity and is patent-eligible if it satisfies the following three
conditions.
Non-obviousness:

The ‘concept’ is not obvious to a person trained in the relevant field and
has not been disclosed or created previously.

Usefulness:

The ‘concept’ has some practical use in the sense that it must have more
than hypothetical use.

Enabling description:

The ‘concept’ is described in enough detail to allow others skilled in the field
to make the innovation.

To obtain a patent the applicant must show that the innovation meets these three conditions. They
are necessary but not sufficient conditions. The patent authority (e.g. United States Patent and
Trade Mark Office (USPTO) and IP Australia) decides whether to grant the patent or not.

26

In patent law ‘new idea’ is referred to as ‘concept.’
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s Bogus Patents

It is the job of the bodies that grant patents to weed out non-genuine innovations. A patent is said
to be bogus if it does not entail any genuine innovation. If patents are too easy to obtain they may
stifle innovation more than promote it.
Example 6
Suppose that a drug company has a patent on the formula for the “elixir of life” and the dose is
contained in a capsule. Before the patent expires the same company applies for a new patent on the
“elixir of life” claiming that the new innovation involves change in the dose from a capsule to a
tablet while keeping the formula for the “elixir of life” intact. If the application is successful we are in
the presence of a bogus patent.
Note 1

ß Patent exclusion based on ethics

Some countries use ethics to justify the patent exclusion. Australia, Canada, and the USA do not
accept ethical grounds for exclusion. For example, the USPTO granted monopoly rights to a
computer matching technology that could help people custom-design babies through IVF. The
technology allows couples to predict the likely characteristics of their children such as, for example,
eye colour. The technology could also allow prospective parents to screen sperm or egg donors for
particular genetic dispositions. This could lead to people specifying height, eye colour, muscle
development and personal traits in selecting their children.27
s Licensing

Patent holders sometimes sell some or all of their patent rights to others. They licence patent rights
in return for a percentage of profits or loyalties. An exclusive license is a license that excludes
granting of the licensing to anyone else by the patent holder. Non-exclusive licenses are less
profitable to the licensee because the license cannot prevent others from using or selling an
innovation.
s Expiring Patents

Patents do not last forever. Patents rights are typically enforceable for a period of twenty (20) years
counted from the filing date of the patent application. This is the case in Australia and the United
States. During the life of the patent the patent holder is a monopolist and if the patent is successful
the innovator is likely to make abnormal profits. But when the patent runs out, the abnormal profits
encourage new firms to enter the market. Typically, when the patent expires the market switches
from being monopolistic to being more competitive.
Example 7
Consider the market for pharmaceutical drugs. Suppose that a company files a patent for a new drug
and obtain the patent after one year. The company cannot sell the drug until it has FDA approval.
Suppose in addition that the company passes the FDA barrier in one’s year time. At this point, we
have a government-created monopoly allowed to sell the drug for eighteen years. When the patent
27
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runs out other companies are entitled to produce and sell the same drug which receives the name
“generic drug”, and it is chemically identical to the proprietary drug whose patent has expired. The
market switches from monopoly to oligopoly because new firms will be selling the same drug. One
would expect a decrease in the price of the original drug and a reduction in abnormal profits.28
s Enforcing Patent Rights

The use of an idea protected by a patent without authorization from the patent holder is called
patent infringement. Examples of patent infringements abound. Enforcing patent rights is plagued
with uncertainties as the following examples illustrate.
Example 8
Eli Whitney invented the cotton gin, a very efficient and very simple machine to separate the seeds
out of cotton. Whitney applied for a patent and received one in 1794. He found a financial partner to
put up the money to start a business to produce the corresponding machines. Cotton planters found
it easy to copy Whitney’s machine. Whitney sued in court for patent infringements. The states of
Georgia, South Carolina, North Carolina, and Tennessee agreed to pay a lump sum to Whiney to
purchase the rights to the cotton gin. The amount paid was just enough to recoup the expenses of
Whitney and his partner.
Example 9
George Baldwin Selden invented a version of the automobile. Selden was granted a patent for a
“horseless self-propelled carriage” in the United States. Selden tried to force all car manufacturers
(including Henry Ford) to pay royalties to him. He argued that his patent covered all self-propelled,
gasoline-powered vehicles and sued the car manufacturers for patent infringement. Henry Ford and
four other car makers resolved to contest the patent infringement suit filed by Selden. Henry Ford
argued that the concept of “horseless self-propelled carriage” was too vague to be patentable and
won the legal fight in January 1911.
s Portfolio of Patents and Patent Trolls

Some companies extend and pyramid the market power derived from their patents by accumulating
a massive portfolio of patents. When du Pont scientists invented nylon,
(…) they did not rest content with patenting the basic super polymer composition
and process of producing it. They systematically investigated the whole range of
molecular variations with property similar to nylon, blanketing their findings
with hundreds of patent applications to prevent other firms from developing an
effective substitute. Similar tactics have been pursued by du Pont and many
other corporations in such fields as cellophane, plastics, synthetic leather,
synthetic rubber, photo supplies, radio, television, shoe machinery, data processing
equipment, electric lamps, telephone equipment, copying processes, and can closing

28

The original innovator does not lose all its market power because some consumer will remain loyal to the
former monopolist’s brand-name drug. Consumers may also be concerned that the generic drugs are not
identical with the drug they have been using for a long time.
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machinery, to name just a few. When one company comes to dominate a field by
accumulating a massive patent portfolio, it not only prevents rivals from operating
except on its acquiescence, but also becomes the logical buyer for related new
concepts patented by independent inventors, and so at some point the process of
patent accumulation may take on a “snowball effect.”
(Scherer 1970, 391)
Patent portfolios may contain sleeping patents. These are patents that, once obtained, are “put to
sleep” and not used. Companies that amass huge patent portfolios and sue innovative firms for
alleged infringements are known as patent trolls.
Copyrights
Copyright protects original works of authorship (e.g. books, musical composition, photographs, and
dramatic work). Copyrights are economic rights. For example, an innovator with a copyright on a
song can make money from her original song by selling her own work or licensing other people to
copy and market the work.
s Term of a Copyright

A natural question to ask is: how long does a copyright last? As a general rule, copyright protection
lasts for the life of the author plus an additional 70 years. The scope of copyright in Australia is
defined in the Australian Copyright Act 1968 (as amended). Until 2004, copyright in Australia was
based on the "plus 50" law which restricts works until 50 years after the author's death. In 2004 this
was changed to a "plus 70" law in line with the USA and European Union, but this change was not
made retroactive.
s Smiley Face: A Sad Lesson

In 1963 two companies were about to be merged. The atmosphere in one of them was tense
because employees believed that they could lose their jobs and morale was very low. The
management commissioned a marketing man named Harvey R. Hall to produce something ingenious
to boost morale and make the whole merger process more tolerable for everyone.
Ball had a brilliant new idea. He created a big yellow dot with a pair of black ovals for eyes and a
semicircle for a mouth: J. It was an instant success. ‘Smiley face’ buttons, T-shirts and stickers were
soon selling in their millions around the world. You might think that Ball became an instant
millionaire. Not at all. He made a tragic blunder. He did not protect his new idea by a copyright and
only received his original fee of $45.00 from the company.
s Warning

A copyright holder is entitled to prevent other people from making unauthorized copies or
unauthorized use of the original works. It should be emphasized that copyrights protect original
works but not the insights and principles described by those works.
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Example 10
Suppose that an innovator publishes a paper describing a new car alarm and copyrights the paper
but she does not patent the car alarm. This means that it is illegal to make a copy of the paper
without her authorization, but someone can reproduce the design of the car alarm without fear for
legal penalties. Clearly, in this case copyrights do not provide the innovator with a great deal of
protection concerning her new ideas.
s Copyright Infringements

A copyright holder is entitled to prevent other people from making unauthorized copies of her
creation. Penalties for copyright infringement can be substantial. For example, in 1976 George
Harrison (the former Beatle) was ordered to pay US$587,000 for taking the melody to his song “My
Sweet Lord” from the 1963 hit “He’s So Fine” created by Ronnie Mack.
Technologies that enable illegal uses of material subject to copyright tend to be detrimental to
copyright holders. For example, the Internet enables copy and transmission, illegally, of music and
movies. Such Internet piracy is pervasive and companies with copyrighted products sue and seek
compensation from those who infringe copyright, particularly the facilitators of piracy.
Technology firms that distribute software which lets users share files online with others are called
peer-to-peer (P2P) firms. Sometimes the content exchanged by the users of the software violates
copyrights of music companies or movies companies. P2P firms are liable for copyright infringements
if they induce their customers to violate copyright.
s Copyrights and Moral Rights

The rights of attribution of authorship (to be named in connection with one’s work) and the right of
integrity of authorship (the right of an author to object to treatment of a work that demeans the
author’ reputation) are called moral rights. Copyrights are separate and distinct from moral rights.
Moral rights remain with the author even though she may have transferred copyright in the work
concerned to another person.
Trade Secrets
A trade secret is knowledge that the holder of the secret does not disclose to others. The archetypal
example is the Coca-Cola formula: the formula is not protected by a patent, but guarded as a trade
secret. It is interesting to note that no one has been able to exactly reproduce the flavour of this
product, despite its widespread availability for many years. Additional examples of ideas protected
by trade secrets include metallurgical formulas, mechanical drawings, computer-chip designs, and
software used to find oil and gas.
Secrecy laws allow competitors to decipher each other’s secrets by legitimate means such as reverse
engineering or search on publicly available documents. Trade secrets work well only when the
information can be kept secret. This is certainly the case of innovations that are extremely difficult to
reverse engineer such as food recipes.
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Example 11
If a company creates and sells (but does not patent) a new type of motorbike alarm, then another
company can reverse engineer the motorbike alarm, discover the design, and manufacture exactly
the same alarm, without infringing the law.
s Trade Secrets Thefts

If a trade secret is used without authorization from the trade secret holder, it is a theft. The notion
of “trade secret theft” is unusual because the owners of the trade secrets are not deprived of the
use of the ideas involved. Trade secrets thefts are deemed as an act of economic espionage.
Example 12
In June 2013, the USA filed criminal charges against one of China’s biggest makers of wind turbines
and two senior executives at the company. The issue involved two companies: Sinovel Wind Group
and AMSC, a Massachusetts engineering firm. A federal grand jury in the Western District of
Wisconsin indicted Sinovel for trade secret theft, criminal copyright infringement, and wire fraud.
The indictment alleged that Sinovel stole source code for software used to control wind turbines
from AMSC. Chinese wind turbine maker Sinovel Wind Group Co was convicted in January 2018 that
it stole trade secrets from AMSC, causing the Massachusetts-based company to lose more than $800
million. In July 2018, a judge ruled that Sinovel must pay $59 million for stealing trade secrets from
wind technology firm, American Superconductor Corp.
Cyber-attacks on companies to steal commercial secrets place pressure on governments to respond
either via law enforcement or diplomatic channels. Australia condemns the cyber-enabled theft of
intellectual property from any country.
Trademarks
Trademarks are legally protected symbols, logos, words or other distinguishing features to identify
products. By registering the trademark, the owner obtains the exclusive right to that mark. The
trademark excludes others from free riding on the costs associated with maintaining the reputation
of the quality of the product. Owners of a trademark can resort to the courts to prevent others from
using their trademarks.
In Australia trademarks are registered according to the Trade Marks Act 1995. The Australia Trade
Mark Office evaluates whether the brand meets the requirements of the Act. The mark can be
registered for an initial period of ten years. In principle, the trademark can be renewed ad infinitum.
By allowing identification of the unobservable characteristics of the products trademarks play a
central role in helping consumers to recognize “experience products.” A product whose quality
cannot be observed until after the product has been consumed is termed experience product. For
example, wine trademarks play an important role in informing consumers about the quality of a
wine.29

29

Products whose quality can be assessed before they are bought are called search products. Examples of such
products are basic foods and petrol.
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s Trademarks and Packaging

The Australian Tobacco Plain Packaging Act 2011 prevents tobacco companies using branding, logos,
symbols, and other forms of advertising on cigarettes or their packaging and enables the
government to decide what will appear on the package. A group of tobacco companies argued in the
High Court that the plain packaging legislation was invalid because it meant the government was
acquiring their intellectual property, but not on “just terms,” as required by the Constitution. In
particular, they argued that removing branding from cigarette packaging is equivalent to stealing
tobacco companies’ intellectual property rights. At the heart of the case was the issue of whether
laws preventing the use of trademarks on packaging imply an acquisition of intellectual property. In
August 2012, the High Court struck down the challenge and the Australian government won.

Chapter Summary
n Dimension 1 (Creativity) encompasses different types of creative
thinking that can be used to engender new ideas. Diagram 3.1 puts
together the four creative thinking tools previously described. Although
occasionally the classification becomes blurred, it is useful to think
about creative thinking as a collection of distinct tools.

Diagram 3.1
Four different types of creative thinking
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n Would-be innovators search for innovation opportunities. Then they
carry out thought experiments where conscious and subconscious
energies mull over a problem using creative thinking. If the creative act
is materialized (Eureka! moment), a new idea with economic value has
been created.30 What comes next is the protection of the new idea.
n The act of innovation typically generates intellectual property.
Innovators want to protect their new ideas with economic value. This is
why the Background Model involves a second dimension.
n Dimension 2 (Intellectual Property) encompasses different options to
protect new ideas with economic value. The protective tools of
intellectual property can be seen in Diagram 3.2. The options are not
mutually exclusive. For example, a new idea can be protected by both a
copyright and a trade secret.

Diagram 3.2
Four options for protecting new ideas

30

Eureka is the reputed exclamation of the Greek genius Archimedes (287—212 BC) when he
discovered the amount of alloy in the crown of the king of Syracuse. Archimedes was not only a
great mathematician and physicist but also a remarkable inventor.
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Where to now? It goes without saying that this chapter has introduced a significant number of
important concepts. You are now well on your way to becoming a knowledgeable person regarding
innovation as an economic activity. But we still need to unravel Dimension 3 of the Background
Model.
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APPENDIX E: Further Aspects on Creative Thinking
This appendix supplements the general points made in Chapter 3 about creative thinking and points
out that the notion of sudden and rapid breakthroughs is unrealistic.
Logical inference and mathematics
Logical inference includes both formal logic and mathematics. Mathematical reasoning is essentially
logical in character but mathematics necessitates the introduction of a concept foreign to formal
logic: the concept of ‘infinity’ (the infinitely large and the infinitely continuous). Examples of logical
inference in economics abound.
It is quite common to use mathematics to prove ‘if-then’ propositions. We can think of the ‘if’ part of
the proposition as the point of departure of the reasoning and the ‘then’ part as a destination.
Mathematics is a quick means of transportation from a set of assumptions (point of departure) to a
set of conclusions (destination). The mathematical approach has remarkable advantages, including
(a) the use of mathematics forces the analyst to define terms precisely, and (b) the mathematical
language is more precise and concise than the verbal language.
The precise statement of the rule ”MR = MC“ mentioned in Example 1 of Chapter 3 is as follows. If
the profit function is differentiable and gives rise to an inverted U profit curve, profit-maximization
implies with logical compulsion that marginal revenue must be equal to marginal cost, i.e. MR = MC.
Generally speaking, symbols are more convenient to use in the process of logical inference (that is,
in the actual proof that B logically follows from A) than words. However, if one is not interested in
the process of deduction and knows that the conclusions follow from the assumptions (because
someone else has proven that), then it is sufficient to know that if A is true, then B is true as well.
Lateral thinking and schizophrenic thinking
Lateral thinking tends to diverge from the rules of reason. However, it should be emphasized that
lateral thinking is not based on random associations of existing ideas to generate new ideas. Lateral
thinking uses reasoning in a fundamental way.
Schizophrenic thinking consists of uncontrolled random associations. One of the most characteristic
features of schizophrenia is the “butterfly mind” which moves swiftly from concept to concept. The
essential difference between lateral thinking and schizophrenic thinking is that with lateral thinking
the process is strictly controlled by the mind. (de Bono 1968, p. 18).
Critical thinking and previous knowledge
A point implicit in our description of critical thinking should be made explicit. Critical thinking
without a sound knowledge of the subject matter tends to produce wishful thinking combined with
razzmatazz. Critical thinking cannot be efficiently accomplished divorced from knowledge. To
perform critical thinking is necessary to possess a deep knowledge of the subject matter. An
example suffices to illustrate this point.
Consider the view of some die-hard environmentalists who disregard the economic dimension of the
problem. They claim that clean air and clean water are fundamental human rights that should not be
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debased by considering them in economic terms. How can you put a price on clean air and clean
water? The environment is so important that we should protect it as much as possible, regardless of
the cost. We should eliminate all pollution. This approach is untenable because it completely ignores
the existing knowledge about the pollution problem. The economic approach to pollution shows that
the elimination of all pollution is impossible.
Students cannot learn to be critical thinkers until they have actually learned something to think
about. For example, you cannot learn to be a critical thinker in accounting if you do not have a basic
knowledge of the accounting principles. In a nutshell, critical thinking cannot be cultivated
independent of the acquisition of knowledge.
Sudden and rapid breakthroughs?
The history of innovation shows that the development of new ideas conducive to General Purpose
Technologies (GPTs) such as, for example, steam power, electric power, internal combustion engine,
and atomic energy, requires a long period before their effects are realized. This point was forcibly
made by Simon Kuznets (1901-1985).
Simon Kuznets was awarded the 1971 Nobel Prize in economics for his contributions to both the
systematic statistical measurement of economic phenomena and economic growth, including the
relationship between technological progress and population growth. Specifically, Kuznets’s view was
that high population growth spurs innovation because it increases the number of potential
innovators. In particular, Kuznets observed that the concentration of innovation occurs in cities and
argued that population and research productivity change in the same direction because higher
population allows knowledge spillovers.
The long periods of development periods following the gestation of big new ideas is best described
by Kuznets:
It took about a century for steam power to evolve from the revolutionary
breakthrough in the 1770’s to the final domination of ocean transportation
and the competition of a basic railroad network in the economically developed
countries in the third quarter of the nineteenth century. It has taken almost
as long for electric power to move from the power stations of the 1880s into
households in recent decades. It has taken the internal combustion engine in
cars over half a century to evolve from a useful capital good on U.S. farms at
the beginning of World War I to a mass consumption durable good affecting
residential housing and life in general well after World War II. One may
speculate on the time it will take before atomic energy works its way through
successive developments to tap its full potentials –not clear even today, over
a quarter of a century since its first major application for war purposes. The
long periods of developments following the gestation are particularly relevant
to the consideration of the [human and institutional] adjustments to be
discussed in the next section. These adjustments partly explain the long
development periods and can be understood only if we abandon the romantic
notion of sudden and rapid breakthroughs that produce major results within a
few years.
(Kuznets 1974, pp. 194-195)
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While Kuznets did not deny the importance of pure theory, he devoted his intellectual efforts to the
empirical research for laws or generalizations based on historical-statistical material. The common
thread of his research agenda was the search for economic laws about long-run economic change
based on empirical facts. Or, to put it differently, Kuznets always had in mind Marshall’s dictum: “It
is the business of economics, as almost every other science, to collect facts, to arrange and interpret
them, and draw inferences from them.”
We mention, in passing, that one of the insights Kuznets drew from his empirical research was the
existence of a regularity concerning the behaviour of a sector influenced by a major innovation:
rapid sectoral growth (often accompanied by a decline in the price of its output) and gradual
generation of forces leading to a deceleration in the rate of growth of the sector in question.31
The photocopier and Harry Potter
Edison’s immortal inspiration-perspiration rule applies to the innovation process: “Genius is one
percent of inspiration and ninety nine per cent of perspiration.” The photocopier and Harry Potter
illustrate this point. The idea of the photocopier is due to Chester Carlson whose work in the patent
division of a company in the 1930s induced him to explore a cheaper and faster way to make copies
of drawings and documents. He was concerned about the difficulty of copying documents efficiently.
For several years he spent a significant proportion of his spare time thinking of the problem and
browsing in potentially relevant scientific literature. Eventually, Carlson conceived the idea of
xerography in 1938. He began to design a photocopy machine by combining elements of
electrostatics with photoconductivity. In October 1938 he construed a machine that was able to
photocopy: “10-22-38 Astoria”. This is the precise date (October 22, 1938) and place (Astoria) where
the achievement was attained. After patenting his ideas between 1940 and 1944, Carlson began to
approach companies to finance research on a photocopier for commercial application. The first
commercial photocopier Xerox 914 was introduced in 1959. In brief, it took more than 20 years
between the time the new idea was conceived and the introduction of the Xerox 914.
Even when the new idea occurs as a flash of inspiration the innovation process tends to be very time
consuming. The idea of Harry Potter came to Joanne Rowling during a train journey between
Manchester and Clapham Junction:
All of a sudden the idea for Harry just appeared in my mind’s eye. I can’t tell you
why, or what triggered it. But I saw the idea of Harry and the wizard school plainly.
I suddenly had this basic idea of a boy who didn’t know who he was, who didn’t
know he was a wizard until he got his invitation to wizard school. I have never
been so excited by an idea.
(Smith 2002, p. 107)
However, it took seven years from the moment that Harry Potter appeared in Rowling’s mind to the
publication of the first book Harry Potter and the Philosopher’s Stone.

31

See Pol and Carroll (2004).
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APPENDIX F: Further Aspects on Intellectual Property
Patents and Partial Excludability
The information contained in a patent application can be used by other innovators to learn the
relevant features of the patented innovation and use that knowledge in their innovation projects.32
To see this, consider a hypothetical example. Suppose that innovator A has a patented design for a
special type of neck pillows (say neck pillows type A). No one can use the patented design to make
neck pillows type A without the agreement of innovator A. However, innovator B is free to spend
time studying the patent application for the neck pillow type A and learn knowledge that helps in the
design of a slightly different neck pillow (say neck pillow type B). This means that innovator A cannot
appropriate the totality of the benefits emerging from the innovation neck pillow type A. Some of
the benefits are captured by innovator B for free.
In general, patent protection for an innovation does not guaranteed full excludability of the benefits
derived from the innovation. With their typical verbal flair, economists say that patented products
are “at least partially excludable.”
Knowledge Spillovers
An economic resource is appropriable when economic agents (e.g. producers or innovators) can
capture its full economic value. Examples of appropriable resources are land, coal, gas, and oil.
Generally speaking, private ideas are only partially appropriable.
When private ideas are captured by individuals who have paid nothing toward their cost it is said
that knowledge spillovers occur. In addition to reverse engineering, labour mobility and
interpersonal networks are important sources of knowledge spillovers.
Externalities
Some economic activities have collateral effects on the individuals who are not directly involved in
those economic activities. These collateral effects are termed externalities. The side effects can be
positive or negative. Moreover, externalities are classified on the basis of the means of transmission.
An externality is said to be pecuniary if the collateral effect emerging from the economic activity is
transmitted through the market. The typical case is where investment in one sector enlarges the size
of the market for output in other sectors. For example, investment in the fast food sector has
beneficial effects in other sectors such as paper products and furniture, the former needed to
package fast food, the latter for persons to sit on while waiting for or eating fast food.
Technological externalities arise when economic activities bestow benefits (or impose costs) that are
not paid for in the market place. For example, innovation as an economic activity is an important
source of positive technological externalities (think of knowledge spiilovers emerging from business
innovation).

32

Studying the enabling description of a patent to find out “what makes the product work” is an example of
reverse engineering.

62

Software Protection
The intellectual property of software is protected by either patents or copyrights or trade secrets. A
software patent outlaws any other software that attains the same effect irrespective of how the end
result is achieved. A software copyright prohibits plagiarizing the software code, but allows
competitors to design a different code attaining the same end. The supercomputer Watson lives in
the “cloud.” As a result, it is unavailable to those who might wish to reverse-engineer it. The
computational nitty-gritty of Watson’s modus operandi remains IBM’s trade secret.
Protecting Magic Tricks: “Shadows”
Magic tricks are guarded as trade secrets. Typically, magicians do not tell people how a trick is done.
Profitable magic can only be performed by never giving away how it works. If the secret of the trick
is revealed, it is unlikely that the original owner of the trick can enjoy financial gain. Magicians who
reveal tricks are often brought into line by stinging rebuke of public shaming and shunning from
their own communities.
Magic tricks cannot be copyrighted. But the expression of the idea as a dramatic work or
performance can be. Trying to protect tricks from thieves by enshrining their copyright inside
performances goes back to Houdini, who used pantomimes in an effort to stave off imitators by
registering the works with the US copyright office.

There is one magic trick that remains a mystery and is considered the holy grail of magic. It is a
visual trick –called “Shadows” – created by the American magician Raymond Joseph Teller:
"Shadows essentially consists of a spotlight trained on a bud vase containing a rose. The light falls in
such a manner that the shadow of the real rose is projected onto a white screen positioned some
distance behind it. Teller then enters the otherwise still scene with a large knife and proceeds to use
the knife to dramatically sever the leaves and petals of the rose's shadow on the screen slowly, oneby-one, whereupon the corresponding leaves of the real rose sitting in the vase fall to the ground,
breaking from the stem at exactly the point where Teller cut the shadow projected on the screen
behind it." Teller registered Shadows with the U.S. Copyright Office in 1983. Teller's partner, Penn
Jillette, has publicly stated: "No one knows how Shadows is done, and no one will ever figure it out."
In 2010, Teller discovered that there was someone (Gerard Dogge of Belgium) on YouTube
performing his trick, under the name of “The Rose and Her Shadow,” offering to sell its secret to
anyone who wanted it for $US3,050. Teller tried to convince Dogge not to sell his signature

trick. Private negotiations failed, and Teller continued with legal action.

US District judge James Mahan (Nevada federal court) found that “Teller’s “Shadows” and Dogge’s
“The Rose and Her Shadow” are nearly identical twins.” The defendant challenged the validity of the
registration as a pantomime drama, but the judge waived such an objection off:
"While Dogge is correct that magic tricks are not copyrightable, this does not
mean that Shadows is not subject to copyright protection," writes Judge James
Mahan in his ruling. "Indeed, federal law directly holds 'dramatic works' as well as
'pantomimes' are subject to copyright protection, granting owners exclusive
public performance rights. The mere fact that a dramatic work or pantomime
includes a magic trick, or even that a particular illusion is its central feature does
not render it devoid of copyright protection."
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Dogge next tried to argue that in Jillette's pronouncement that "no one will ever figure it out" the
statement was a challenge and an invitation for others to copy. But the judge read what Jillette had
to say carefully and stated: "This statement merely provokes others to unearth the secret, not
perform the work."

Teller won a ruling from copyright infringement of his “Shadows.”
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Chapter 4 ¤ Innovation Environment

Concise Preview

o This chapter explores the content of Dimensions 3 (Innovation
Environment) of the Background Model.
o The exploration of Dimension 3 enriches the Basic Model.
o Inside Dimension 3 we find an innovation infrastructure, clusters, and
the relationship between them.
o Successful clusters lead to domestic competitive advantage.
o International competitive advantage requires the presence of additional
attributes.
o This chapter describes a particularly important market in the area of
innovation as an economic activity (“hidden” in Dimension 3) namely:
the venture capital market.
o Appendix G contains miscellaneous points on the Innovation
Environment.
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1. Introduction
It should be clear that in a Creative Economy firms must gain and maintain competitive advantage
through innovation. But what is meant by ‘competitive advantage’? Competitive advantage refers
to the characteristics of an economic entity (e.g. a firm or a nation) that allow it to outperform its
rivals. Competitive advantage is gained and maintained through continual change. When the
concept of competitive advantage is used in relation to a firm, analysts have in mind at least one
characteristic that allows a firm to generate greater sales or margins than its competitors.
There are two sources of competitive advantages at the firm level. Cost advantage refers to a firm’s
ability to produce a product at a lower cost than its competitors. Thus, the firm can sell its products
at a lower price than its competitors or generate a larger margin on sales. A differential advantage
exists when a firm’s products differ from its competitors or are perceived as better than a
competitor’s products by costumers. Differential advantage is typically gained by developing
innovations. In the real world, firms that are not able to innovate tend to slip behind.
To understand how the Creative Economy works we introduced the Basic Model in Chapter 2. It
would hardly be necessary to mention that in this model innovation happens in a vacuum. The
reason is not far to seek. The Basic Model completely ignores the environment in which the two
fundamental principles operate. There has to be an innovation environment (Dimension 3 of the
Background Model) conducive to the creation of profitable new ideas.
The Creative Economy is like a delicate plant whose flourishing depends on the appropriate
surroundings and climate. For example, innovation is unlikely in a society that is extremely
traditional because the creation of new ideas requires diversity and tolerance. This immediately
raises the question: what is inside Dimension 3 (Innovation Environment)? The short answer is
institutions and clusters that allow firms to develop their competitive advantages. Let us make this
answer more precise.
2. Innovation Infrastructure
Innovation infrastructure refers to the national circumstances which broadly affect the production
of profitable new ideas throughout the economy. Evidently, it is an omnibus term encompassing a
disparate collection of elements such as the political situation, legal framework, general economic
framework, technology distribution power and incentive regime. These elements singly or jointly
may encourage or retard the production of profitable new ideas.
The empirical evidence supports the view that an appropriate innovation infrastructure exists when
the political situation is stable and predictable, the general economic framework involves credible
macro and microeconomic policies, property rights are secure, Science and Technology institutions
(e.g. universities) target industry needs, and the incentives regime is materialized in government
support for innovation.
The notion of innovation infrastructure can be distilled into a working definition based on the
concept of ‘institutions.’ A terminological digression is necessary here. ‘Institution’ is a term with
several meanings. One possible meaning of the notion of institution refers to an organization for the
promotion of a particular object (usually, one for some public, education, charitable, or similar
purpose). This interpretation of the term ‘institution’ is often used in economics. Thus, a central
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bank (a public authority that supervises other banks and financial firms, financial markets and the
payment system, and conducts monetary policy) is an institution. However, there is a second sense
in which the term ‘institutions’ is used in economics, namely: institutions refer to the laws,
regulations, and policies that affect material incentives to invest in physical capital, human capital,
and innovation. Examples of institutions are patent and copyright laws, and Science and Technology
(S&T) policy, and mechanisms for supporting research and higher education.
The term innovation infrastructure can be characterized as the set of institutions which broadly
influences the production of profitable new ideas, where it is understood that ‘institutions’ is used in
the second sense highlighted previously.
3. Clusters
Geographical agglomeration is an important source of competitive advantage. This point was forcibly
made by Michael E. Porter in his book The Competitive Advantage of Nations, first published in 1990.
Michael Porter empirically shows how clusters enable innovation, reduce transaction costs, ease the
formation of new business, and create collective assets such as associations between universities
and private firms.
Clusters are geographical agglomerations of companies within a particular field of activity (e.g.
Information Technology, health care, and renewable resources). Clusters are capable of engendering
a variety of positive feedbacks and knowledge spillovers which individual firms enjoy due to the
activities of the other firms in the cluster. In particular, personal encounters for the exchange of
technical information tend to be easy, cheap, and quick within a cluster. Typical examples of clusters
are Silicon Valley and Hollywood.
Anatomy of a Cluster
The anatomy of a cluster is described by a conceptual model known as the Porter Diamond. The
model consists of a system with six (6) interconnected components (four determinants of
competitive advantage and two additional factors). We start by describing the determinants of
competitive advantage.
s Resource Endowments

Resources can be classified into two broad categories: tangible resources (e.g. factories) and
intangible resources (e.g. knowledge). Intangible resources such as ideas and human capital are the
most significant ones for attaining and sustaining competitive advantage. The modern economy has
shifted from the brute force of natural resources to the power of ideas and human capital.
Resource endowments refer to the match between resources and industry needs. Normally, the
availability of low cost and high quality resources allows firms to gain and maintain competitive
advantage. In particular high quality human capital (scientific, technical, and managerial personnel)
together with ample supply of venture capital are essential elements for gaining competitive
advantage.
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Note 1
ß Resource strengths and innovation
Abundance of resources (e.g. land, water, fishing grounds, and infrastructure) signals resource
strengths. An unfavourable endowment of resources (e.g. harsh climate, lack of domestic raw
materials, high land costs, and inappropriate health care system) implies resource disadvantages. As
a general rule, innovations to exploit resource strengths are less likely than innovations that
overcome factor disadvantages. The reason is that resource disadvantages tend to originate
pressures to innovate around them. In contrast, abundance of resources may not encourage
novelty-seeking behaviour. The case of Japanese firms clearly illustrates the positive role of resource
disadvantages in stimulating innovation:
The most obvious case of selective disadvantage is where local firms
experience the high absolute cost of a factor compared to foreign rivals.
Japanese firms in a variety of industries, for example, faced extremely
high land costs and severe factor space constraints. To circumvent these
difficulties, they created just-in-time and other space-saving production
techniques that also dramatically reduced needed inventory.
(Porter 1990, pp.83-84)
s Home Demand

Demand conditions influence competitive advantage in subtle ways. For instance, firms are likely to
exhibit novelty-seeking behaviour where sophisticated and stringent buyers induce domestic firms
to meet high standards in terms of product quality and service, rapid domestic demand leads to the
more rapid adoption of new technologies, and saturated markets create pressures to replace all
products with newer versions.
s Related and Supporting Industries

Competitive advantage may grow out of close working relationships between suppliers and
producers. Regular interactions between them are important in the innovation process. The
interplay creates opportunities for information flows and technical interchange. Suppliers help
producers to discover new methods and producers influence suppliers technical efforts. For
example, Japanese machine tools companies drew on capable local suppliers of numerical control
units, motors, and other components.
s Context for Local Competition

The nature and intensity of local competition tend to influence novelty-seeking behaviour. When
competition (actual or potential) is vigorous, firms are forced to become more efficient and more
innovative.
Note 2
ß Potential competition
We already know that there is price and non-price competition. There are two other types of
economic competition: actual competition between established firms and potential competition
arising from the potential entry of firms outside the industry. The importance of potential
competition lies in the fact that the threat of entry of new firms keeps established firms on their
toes.
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Example 1
It is the interconnections between determinants that generate competitive advantage. The
archetypal example is the Dutch flower cluster. A cold and wet climate is a resource disadvantage.
This selective disadvantage led to innovations in the glass house growing techniques, new strength
of flowers, energy conservation, etc. A strong home demand was present in Holland for fresh
flowers year-around. Suppliers of glass houses contributed to upgrading. Local competition (actual
and potential) took place at the grower, auction, and marketer levels. The Dutch flower cluster
illustrates the central point, namely: the role of any determinant cannot be viewed in isolation in the
sense that the effect of any particular determinant on competitive advantage also depends on the
other determinants.
s Government Factor

Government has a role to play as an influencer of the determinants of competitive advantage. For
example, investment in education influences resource endowments, government purchases
influences home demand, and competition policy influences local competition. Government policy
can also be influenced by each of the four determinants. For example, a strong home demand for
new drugs may induce the introduction of new safety standards.
Governments can induce creativity, collaboration and business growth by investing in collective
assets such as concentrations of university research, postgraduate students and innovative
companies in a single campus.
Note 3

ß Wollongong Innovation Campus

The Innovation Campus (iC) is led by the University of Wollongong and powered by a team
committed to business innovation. The iC is a place designed for creativity, collaboration and
business growth. Specifically, the iC sits on land given to the UOW by the NSW Government with the
purpose of clustering the best and brightest researchers, innovative companies and postgraduate
students across the country and around the world to produce new ideas with economic value. The
fields of interest of the Wollongong iC include Artificial Intelligence, biotechnology, nanotechnology,
and superconductors.
s Chance Events

Sudden occurrences beyond the control of firms and (possibly) of governments may affect
competitive advantage. Chance events abound: surges of demand (e.g. a surge in demand for
environmental quality), political decisions by foreign governments (e.g. establishment of barriers to
international trade), random shocks (e.g. droughts, epidemics, and terrorist attacks), and wars are a
few examples.
Linkages between Integral Parts
Linkages between the innovation infrastructure and the clusters constitute the final ingredient of
our discussion of Dimension 3. For example, research on human skin colour carried out in
universities (innovation infrastructure) is used by biotech companies (cluster) to treat conditions
affecting skin pigment.
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4. Competitive Advantage: Domestic and International
It should be emphasized that each of the components (singly or jointly) may either contribute to or
detract from competitive advantage. A Porter Diamond is said to be successful if the interplay of its
components leads to novelty-seeking behaviour and domestic competitive advantage.
When we open the economy to international trade, the existence of a successful Porter Diamond
does not guarantee international competitive advantage (e.g. export success). The existence of
domestic competitive advantage is necessary but not sufficient for international competitive
advantage.
Three additional attributes are required to attain international competitive advantage. First,
domestic competitive advantage must be valuable in other countries. Second, domestic competitive
advantage must be difficult to supersede, replicate or nullify. Finally, profitable opportunities abroad
are not necessarily obvious, and therefore, there must exist individuals that respond to the
opportunities for operating beyond national boundaries.
T-entrepreneurs
Moving into international markets requires expenditure of time and money on acquiring countryspecific information, such as, for example, knowledge and contacts. For lack of a better name, we
call the entrepreneurs who see the globalization of the world economy as an opportunity rather
than an obstacle, transnational entrepreneurs or T-entrepreneurs. The term T-entrepreneurs is used
here in a broad sense to include directors of international business operating in multinational firms,
export marketing managers working in medium sized firms, and individual managers conducting
internationally competitive small firms. These economic agents have a sound understanding of the
cultural and socio-economic characteristics of the foreign countries in which they operate.
T-entrepreneurs use guiding principles such as, for example, world best practices in their export
efforts; outward foreign investment as a vehicle for market access and development; and
distribution networks to gain access to overseas markets.
5. Venture Capital
There are people who sell new ideas (innovators) and people who buy new ideas (investors, often
venture capitalists). The supply of new ideas as well as the demand of new ideas plays a crucial role
in the context of a Creative Economy. The market for new ideas is conceptually located within the
category of Resource Endowments. An important part of this market revolves around venture
capital.
Venture capital is an equity-linked form of investment that implies higher risks and returns than
investing in the stock market. The venture capital market is a complex topic with a number of
concepts to fit together. The key to understand this special market is the notion of ‘innovation life
cycle.’ Before describing this cycle, we need to pause for a moment to present important conceptual
tools that have been developed by economists. These tools are applicable in many different contexts
but we will focus attention to the innovation context.
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5.1. Adverse Selection and Moral Hazard
Innovators have more information than bankers about the characteristics of their new ideas. This
asymmetry of information between the parties (innovators and bankers) has two important
implications. First, banks know that among the innovators some are better risks than others but they
do not know who are less risky due to lack of information about the risk characteristics of the new
ideas. It may happen that bankers select the innovators who are most likely to produce bad
outcomes. This phenomenon is called adverse selection. Second, once the lending decision has been
made banks do not have the resources necessary to monitor the efforts of innovators. Bankers are
vulnerable to moral hazard in the sense that the innovator may devote her energies to pursue goals
inconsistent with the repayment of the loan such as, for example, abandon the original new idea and
use the loan to do curiosity driven research with no economic value.
5.2. Innovation Life Cycle
All successful innovations have a life cycle that essentially involves four consecutive phases:
 Idea Phase:

An innovator has a new idea (e.g. a new technology) that requires
development.

 Infant Phase:

A small firm is established to develop and commercialize the new idea.

 Adolescent Phase:

The new product reaches the stage of commercialization and the firm enters
a period of growth.

 Maturity Phase:

The firm reaches both size and credibility, so that either is sold to a bigger
firm or goes into an ‘initial public offering’ (IPO).33

Innovators face an important financial barrier when they try to move from the Idea Phase to the
Infant Phase. Access to early stage capital is crucial. Money is needed to provide assets and working
capital. But it will not be available because innovators typically do not have hard assets to guarantee
their financial commitments –bankers will only finance a new business if they are able to secure the
debt against hard assets. In addition, banks are vulnerable to adverse selection and moral hazard. In
a nutshell, there is a financial void at the transitional point from the Idea Phase to the Infant Phase.
Example 2
A case in point is an innovator who owns a patent on a drug and needs to implement costly clinical
trials to gain approval from the FDA.34 Typically, innovators are not eligible borrowers. Bankers will
not normally cater for the innovator’s financial needs.

33

An IPO is the first time that the stock is offered to the public.

34

An innovator can have a patent based on her research findings, but these findings are not always
supportable by evidence obtained from clinical trials. The innovator has to show that the clinical trials yield
positive results in order to pass the FDA barrier.
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5.3. Filing the Financial Void
The fundamental issue is: how do innovators finance their innovative endeavours? Venture
capitalists (VCs) fill the financial void allowing young innovative firms to receive the financing that
they cannot obtain from the traditional financial system. More precisely, VCs finance innovators by
receiving a percentage of the equity of the company in return for the requisite funding. Equity
finance offers the important advantage of having no interest charges.
Venture-backed firms tend to enjoy a good reputation because their business plans have passed
careful scrutiny by the VCs. This, in turn, means that venture-backed firms are likely to attract
interest from other investors such as investment banks.
We do not know who can be considered as the first venture capitalist. What we do know is that the
first true venture capital firm was American Research and Development, established in 1946 by Karl
Compton (MIT president) and General Georges F. Doriot (Professor at the Harvard Business School).
This company made high-risk investments in young and small firms that were based on the
technology emerging from the World War II.
Example 3
A real-life example of the innovation life cycle is the app created by former Australian schoolboy
Nick D’Aloisio. The content of the consecutive phases can be succinctly described as follows.
Idea phase: Nick created the Trimit application when he was 15 years old. He was inspired to
develop it after struggling with information overload while doing his history homework. He saw the
need for an app that would pull in summaries of Internet searches of topics rather than the entire
text of articles. Trimit could crunch text content down into summaries of various lengths and scored
good reviews in the Apple App Store in early 2011.
Infant phase: It also attracted the attention of Hong Kong billionaire Li Kashing, who seeded Nick
with $US300,000 of venture capital. Nick revamped Trimit and relaunched it as Summly in December
2011 and attracted further funding with backers including Yoko Ono, Stephen Fry, Ashton Kutcher,
and Wendi Murdoch (former wife of Rupert Murdoch, the chief executive and chairman of News
Corporation).
Adolescent phase: Summly reached the stage of commercialization when it was available for iPhone
users through Apple’s App Store.
Maturity phase: Nick sold the new idea to Yahoo! and became one of the youngest innovators and
self-made millionaires on this planet (the acquisition was thought to be worth $US30 million).
5.4. Pattern of Behaviour of Venture Capitalists
The VCs display a well-known pattern of behaviour. In fact, VCs invest in sectors with high growth
rates (such as, for example, biotechnology, information technology, and renewable energy); avoid
both the Idea phase and the Maturity phase; buy a stake in an innovator’s new idea; nurture
innovation for a relatively short period of time; and exit at the end of the Adolescent phase. For
their services, venture capital firms receive a significant cut of any resulting capital gains.
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During the Infant and Adolescent phases VCs provide general support for the innovation project as a
whole as well as financial and business support. The Infant and the Adolescent phases constitute the
venture stage.
5.5. Profile of the Ideal Innovator
The scarcest input a VC has is time, not capital. The challenge of the VCs is to identify innovators
who can advance new ideas (e.g. a new technology) to the Maturity Phase where the company can
be sold to a bigger corporation or taken to an IPO. VCs face a difficult task because they have to
evaluate risks not only about the new ideas but also about the personal characteristics of the
innovator.
Ideally, an innovator should display several attributes, including but not limited to, the innovator has
a good reputation and is well qualified in an area of high growth (e.g. renewable energy sector); the
innovator tells a compelling story about her new idea; the innovator understands why equity has to
be allocated to other people and is not offended by that; and the innovator understands the typical
deal structure and is not offended by that. 35
5.6. Venture Capital Market
The venture capital market converts new ideas into functioning businesses. There are three
categories of economic agents in this market: Innovators (sellers of new ideas); venture capitalists
(buyers of new ideas); and limited partners of venture funds (passive investors who hold debt and
equity claims on the start-up). The venture capital market resembles an oligopsony: there are many
sellers of new ideas (innovators) and just a few buyers of new ideas (venture capitalists).
Unfortunately, we cannot apply the textbook supply and demand model because a small number of
VCs have an extraordinary degree of market power. 36
5.7. Angel Investors
Angel investors are wealthy individuals who are involved in the start-ups they back and who
typically are not professional investors such as venture capitalists. The empirical evidence shows
that firms who are backed by angel investors are more likely to survive, create more jobs, and have a
greater chance of exiting the adolescent phase than otherwise comparable firms without this
support. For example, USA angel-backed firms hire 40% more employees and angel-backing
increases the probability of successful exit from the start-up stage by 10 to 17 percent. See Lerner et
al. (2015)
Note 4
ß Business incubators
Business incubators also help young innovative firms to survive and grow, but they are not equity
partners of the supported business. They provide management, financial, business and technological
assistance to start-up firms.
35

Real-life contracts between VCs and innovators show that VCs get the lion’s share in terms of property
rights, voting rights, and liquidation.
36
As a reminder, for the familiar supply and demand model to be applicable there must be many sellers and
many buyers without market power.
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Chapter Summary

n The constitutive parts of Dimension 3 (Innovation Environment) are the
innovation infrastructure, clusters and the relationship between them.
n The components of the innovation infrastructure together with the
corresponding positive attributes required for the production of
profitable new ideas throughout the economy are shown in Diagram 4.1.

Diagram 4.1
Appropriate national circumstances for the production of profitable new ideas

n The anatomy of a cluster is a Porter Diamond.
n A Porter Diamond is a system with six interconnected components
(Resource endowments, Home demand, Related and supporting
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industries, Context for local competition, Government factor, and
Chance events). A snapshot of a Porter Diamond is shown in Diagram
4.2, where the two-headed arrows indicate reciprocal influence. A
successful Porter Diamond generates domestic competitive advantage.

Diagram 4.2
Porter Diamond and domestic competitive advantage

n International competitive advantage requires additional attributes:
domestic competitive advantage must be valuable abroad, domestic
competitive advantage cannot be neutralized, and there are Tentrepreneurs (See Diagram 4.3).
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Diagram 4.3
Successful Porter Diamond and international competitive advantage

n Innovations tend to navigate consecutive phases described by the
innovation life cycle. As pointed out by Diagram 4.4, the most important
reason for the existence of venture capital is the financial void faced by
innovators when they want to move from the Idea Phase to the Infant
Phase.
n Venture capital finances innovation projects in exchange for a portion of
the equity of the company.
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Diagram 4.4
Lack of appropriate resources to finance the development of the new idea

n The venture capital market has three distinguishing features: there are
many sellers (innovators), the number of buyers (venture capitalists) is
small, and buyers have strong market power (see Diagram 4.5). It is an
unusual type of market resembling an oligopsony.
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Diagram 4.5
Supply and demand of new ideas
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APPENDIX G: MISCELLANEOUS POINTS ON THE INNOVATION ENVIRONMENT
a. Incentives Regime
A glance at Diagram 1 shows that one of the positive attributes influencing the production of
profitable new ideas is “government support for innovation.” What follows is a brief discussion of a
concrete case of “incentives regime.”
2015 Australian Innovation Agenda: Generalities
The Australian government addressed the “innovate or perish” challenge by releasing an innovation
policy statement on 7 December 2015, entitled National Innovation and Science Agenda (NISA). The
innovation package NISA (2015) is crystal clear: “While historically high commodity prices have
driven the growth in our living standards over the last decade, fostering innovation and
commercialising ideas will be the key driver of future jobs and growth.” (NISA 2015, p. 3)
The message conveyed by NISA (2015) is that Australian residents have to develop an innovative
frame of mind. This is not wishful thinking. Theory and empirical evidence suggest that anyone can
be an innovator. When launching NISA in December 2015 the then Prime Minister Malcom Turnbull
expressed:
We want to be a culture, a national culture of innovation, of risk-taking,
because as we do that, we grow the whole ecosystem of innovation right
across the economy. We become more experienced, more innovative,
more agile, more prepared to take on risk and become a culture of ideas
because it is the ideas boom that will secure our prosperity in the future.
It is believing in our human capital and remembering that the best assets
we have, the most important assets we have in this country are not to be
found under the ground, but walking around on top of it is the 24 million
Australians, the men and women of Australia, these and their ideas are
what secures our future.
And this package [NISA] will incentivise, dynamise, energise that
enormous opportunity.
The innovation scheme NISA can be thought of as a tool of attitude and permission to take a risk, be
an innovator, and think deeply about the industries of the future that will create jobs and wealth to
sustain living standards. The motto underlying NISA is “Risk-takers, Growth-makers.”
NISA (2015) identifies four specific barriers hampering innovation in Australia: School students’ math
skills are falling; insufficient access to early stage capital; insufficient collaboration between industry
and researchers; and government following on innovation, not leading. These challenges are
obstacles to be overcome, not the pursuit of the impossible.
NISA put forward a package of initiatives in correspondence to each of the specific barriers to
innovation. First, according to NISA (2015) “The talents and skills of our people is the engine behind
Australia’s innovative capacity. We need to create an environment that attracts the world’s best and
brightest, while making sure Australians are equipped with the skills they need to thrive in a rapidly
evolving workforce.” Second, NISA (2015) includes an initiative to opening up new sources of finance
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for new innovative start-up firms. This initiative is related to venture capital and angel investors.
Third, there is an initiative to increase collaboration between industry and researchers to create jobs
and economic growth. Finally, the Australian government will lead by example by embracing
innovation in its activities.
2015 Australian Innovation Agenda: Criticisms
The federal government’s innovation policy NISA was trumpeted as the route for developing an
“agile and creative” economy as the mining boom receded. NISA was a $1.1 billion innovation fund
which promised to transform the economy. However, NISA was the target of harsh criticism. For
example, Andrew Walsh (CEO of the $2 billion financial market software company IREE) criticized
NISA arguing that the government was using the language of innovation in a “very empty” way.
Malcom Turnbull’s ideas boom is “shallow” and “inflated with bad clichés,” Walsh is reported to
have said.37 These and other criticisms prompted a response from Alan Finkel (Australia’s Chief
Scientist) clarifying the interpretation of the 2015 innovation agenda. To quote Australia’s Chief
Scientist extensively,
I am not pretending that we can achieve success by putting down all our big
dreams in a policy document. You cannot order your country to have ideas.
You cannot order your country to pursue them – any more than you can order
a soccer team to win. You can exhort, you can encourage, you can get creative
with salary caps – but ultimately, you need to build the capabilities to play the
game consistently well. The same is true with innovation policy: it is a business
of maximizing the potential for people to perform, through a combination of
smart regulation and strategic investment.
Alan Finkel, Australia’s Chief Scientist, 18 August 2016
What NISA does is to get the settings right to encourage existing firms to grow and new firms to start
creating new opportunities and jobs. In brief, the philosophy of NISA can be condensed in the
following proverb: “You could lead the horse to water but you could not make him drink.”
More criticisms were launched in September 2017 when the then Minister of Industry, Innovation
and Science Arthur Sinodinos told the Australian Financial Review Summit that Malcom Turnbull’s
innovation agenda did not resonate with everyday Australians, but denied the government had
abandoned its agenda. Regional politicians believed that NISA scared off voters due to the
perception that they may lose their job to machines. Freelancer.com founder Matt Barrie38 said
Australia suffered from delusions of grandeur about the strength of domestic innovative activities.

37

See Roddan (2016).
Barrie was one of the country’s successful innovators alongside the founders of Atlassian, SEEK, and Wise
Tech Global.
38
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Furthermore, NISA was evaluated by the Australian National Audit Office (ANAO). In a damning
report the Auditor-General’s report questioned the economic impact, policy bases and preparation
of NISA. As we mentioned before, the measures in NISA addressed four barriers hampering
innovation in Australia, but the auditor said there was not enough evidence provided to support why
these hurdles were a problem: “A number of the proposals that involved significant expenditure
aimed at transforming parts of the innovation system relied on assertions rather than evidence,” the
auditor said in the report. Moreover, “The ANAO observed that much of the advice was general in
nature and did not present a quantitative in-depth analysis of problems, expected impacts or how
outcomes would be measured.” ANAO (2017)
b. Venture Capitalist-Innovator Relationship
Further insight into the subtleties underlying the navigation of the innovation life cycle is provided
by the relationship between venture capitalists (VCs) and innovators.
Principal-Agent Problem
In economics, situations in which one person (the agent) performs tasks for another (the principal)
are called ‘principal-agent relations.’ To be more precise, the principal (e.g. a manager) is someone
who wants something to be done and the agent (e.g. a worker) is the person that has to do it for the
principal. Both principal and agent wish to maximize their own well-being. The ‘principal-agent
problem’ arises when the agent wants to do things other than what the principal wants.
Innovators Behaving Badly
The innovator (agent) may not behave in the manner desired by the venture capitalist (principal).
Two typical examples can be mentioned here. First, the innovator may have a difficult personality or
show lack of focus. Second, innovators may pursue their own goals even at the cost of retarding the
progress of the innovation project. This is the case when an inventor uses the R&D lab to carry out
abstract research in medicine instead of accelerating clinical trials to pass the FDA.
Why is it that innovators may develop an ‘independent life’? VCs cannot monitor everything that
innovators do because innovators have more information that VCs in relation to the development of
the new idea. This information asymmetry combined with conflicting goals may lead to a ‘principalagent problem.’
Avoiding Principal-Agent Problems
The principal is concerned with ways to keep the agent in line with the progress of the innovation
project. VCs try to avoid principal-agent problems by designing contracts that give the innovators
incentives to perform effectively. A good example of such an incentive mechanism is conditional
funding, that is, release of funds contingent on performance milestones being achieved by the
agent.
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Chapter 5 ¤ Microeconomic Aspects of Innovation

Concise Preview

o This chapter enlarges our understanding of innovation through the
introduction of new microeconomic concepts.
o Our understanding of innovation at the micro level is also enlarged by
analysis of two paradoxical situations which turn out to be well founded.
o Economic success based only on efficiency of existing products may lead
to failure (first paradoxical situation).
o Good companies known for their ability to be efficient and innovative
fail or lose market dominance (second paradoxical situation).
o The message conveyed by this chapter is simple, yet fundamental: what
matters in a Creative Economy is not just being rapidly innovative but
becoming increasingly attentive to disruptive innovations.
o Appendix H discusses the relationship between business innovation and
social innovation, an issue that tends to be misunderstood.
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1. Introduction
There are many microeconomic concepts in the field of innovation as an economic activity that we
have to describe and assemble. These include the innovation process, inescapable risks associated
with an innovation project, successful innovation, commoditization, and disruptive innovation.
Furthermore, we need to address seemingly paradoxical situations facing the majority of –if not all–
modern firms.
Efficient firms operating in a Creative Economy immediately realize that success based only on
efficiency may lead to failure. Or, to put it differently, each firm faces a paradox that we call the
Efficient Firm’s Dilemma: the more an efficient firm strives to remain as it is today the more likely it
is that it will fall away.39
To overcome this paradox, firms need to contemplate two domains of activity: one related to
efficiency (maintaining quality of existing products and keeping costs down) and another associated
with innovation (sharp focus on the creation of new products or new processes or forms of
organization). Thus, the firm has to optimize at two levels, efficiency and innovation.
Many analysts and CEOs are perfectly aware of the Efficient Firm’s Dilemma. In the article
“Innovation Key to Keeping Manufacturing Onshore“, Sarah Martin explores the view that “The
future can still be bright if the nation [Australia] learns to focus on value-adding, not metal banging.”
To this end, she uses a brief case study associated with the company Redarc Electronics located in
Adelaide’s south. In this newspaper article we can find the opinion of Redarc Chief executive
Anthony Kittel:
“To buck the trend in the downturn of manufacturing, we are investing a minimum
of 15 per cent of our revenue back into research and development each and every
year. Innovation drives our company’s bottom line. Not everything is successful,
but that is part of ground breaking research and having new ideas – some will fail,
but you will get some really super-successful ones. If you are just competing on
cost, you will definitely lose; if that is the approach you take, then your
manufacturing plant in Australia is destined to move offshore or close.”
To stay atop of their industries firms have to be innovative. However, innovative practices conducive
to short-run success may lead to decay in the medium term. This subtle issue is known as the
“innovator’s dilemma” and will be addressed in this chapter.
In the last twenty years or so the pace of innovation has increased dramatically. We are accustomed
to the dizzying speed of innovation in mobile phones, where new products appear monthly. But
other sectors are witnessing rapid innovation. The increase in the pace of innovation reflects the
“fast innovation approach” that has been adopted by many companies.

39

The term ‘dilemma’ is used in this chapter to mean a ‘difficult situation or problem.’
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2. Innovation Process and Related Terminology
Inputs and Outputs
Any element that enables innovative activities is considered an innovation input. For example,
technology, human capital, and infrastructure are innovation inputs. Speaking loosely, innovation
outputs are the results of innovative activities. For example, a company could acquire technology in
the form of patents (input) to design a new product (output). The innovation process consists of
using innovation inputs to create innovation outputs. As in all production processes, “zero input”
means “zero output.”
What is the difference between producing “alfresco dining chairs” (a product that already exists) and
creating a new type of dining chair? If you have a company producing alfresco dining chairs, the
output is certain in the sense that you know how to produce this type of chairs. The creation of a
new type of dining chair cannot be guaranteed because we do not know whether the new chair is
technically feasible.
In general, the creation of new products or processes is beset by risks. You spend money on
innovation inputs but you do not know whether you will get an innovation output. If the attempt at
innovation fails, there are innovation inputs but there is no innovation output.
An innovation project is said to be partially successful if the use of innovation inputs leads to the
creation of an innovation output. Quite obviously, in this case we have innovation inputs and one
innovation output (the new product or process or strategy). However, in many cases the use of
innovation inputs does not lead to innovation outputs and in this case the innovation project is said
to be unsuccessful.
Research and Development
Research and Development (R&D) is an input in the innovation process. In general, R&D comprises
investigative work undertaken on a systematic basis in order to increase the stock of knowledge with
a view to using this stock to devise new applications. Some of these applications may be
commercially driven (such as, for example, the design of a new i-phone) and others may be curiosity
driven (such as, for example, planet hunting).
Examples of R&D abound: the validation of string theory; research on laser drills for dentistry;
construction of prototypes for technical testing and pilot plants; development of new or
substantially modified computer software; and research work in social sciences and humanities are a
few.
Profit-seeking R&D
Typically, R&D performed by business firms is carried out with the purpose of developing new or
improved products or processes of commercial value. This kind of R&D is referred to as profitseeking R&D. Firms require R&D not for its own sake but as a means to innovate. Note carefully that
R&D is an input to be optimized, not maximized. There is no merit in spending large amounts on
R&D activities when the innovation can be attained with a relatively small R&D expenditure.
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R&D is a very important input in many innovation projects. However, R&D is not a necessary input to
create a new product or process. For example, a company may acquire technology in the form of
patents, licenses, and trademarks, and design a new product without performing R&D.
It should be emphasized that R&D does not necessarily lead to an innovation output. In any
unsuccessful R&D project there are innovation inputs but no innovation outputs.
Factors Influencing R&D Undertakings
Investments are flows of expenditure that normally provide benefits in the future beyond the
repayment of the outlay of funds. R&D undertakings are an investment. R&D performers hope to
recoup today’s costs and earn profits with successful innovations.
What may not be so obvious is that there are several factors influencing R&D undertakings. Firms
are highly likely to invest in R&D if they provide an affirmative answer to eight key questions:
 Is novelty necessary for generating and maintaining competitive advantage?
 Can the firm make a novel product (or process) at a reasonable cost in a reasonable time?
 Will consumers want the firm’s innovation enough to pay a reasonable price for it?
 Can the firm make the novel product (or process) cheaper and better than other firms?

Does the firm reward success more than punish failure?
 Is the firm able to appropriate sufficient returns from the innovation to make the R&D
investment worthwhile?
 Is the Innovation Environment favourable to R&D performers?
 Are there proper sources of finance for R&D projects?

Classifying Innovation Outputs: Technological and Organizational Innovations
Innovation outputs (in brief, innovations) are divided into two major categories, namely:
Technological innovations and Organizational innovations. The category ‘technological innovation’
contains two sub-categories: product innovation and process innovation. Product Innovations are
new or improved products or new or improved processes.40
Examples of technological innovations abound: a new razor with floating blades; new corkscrew;
new satellite technology; and Microsoft’s products (Word, Excel, e-mail, etc.) are a few. New
business models, new competitive strategy (such as the opening up of a new market abroad),
40

Note that there is one slightly ambiguous feature of this characterization in that it does not define ‘new’ very
precisely. If necessary, we can make the distinction “new to the world” innovations (such as, Amazon’s
“anticipatory shipping”), “new to the Australian market” innovations (such as a razor with floating blades first
introduced in the USA and now introduced in Australia).

86

changes in management techniques (such as the introduction of new space-saving procedures
designed to reduced needed inventories); and the introduction of cost-reducing innovations such as,
Robotic Process Automation (RPA) are examples of organizational innovations.
Note 1

ß Product/process innovations

As in many classificatory schemes, the distinctions are not clear cut. Although we distinguish product
innovation from process innovation, in many cases the creation of a new or improved product is
inextricably linked to a new manufacturing process. In other words, product innovation is often
really process innovation. To see this with a real-life example, consider the ‘Gillette sensor’ (the
razor with floating blades):
Introduced in 1990, Gillette’s sensor razor became one of the most successful
new products in the history of the razor industry. Unlike existing razor designs
with fixed mounted blades, the Sensor incorporated floating blades, which
could better follow the contours of a man’s face and thus provide a closer shave.
Compared with razor designs at the time, the sensor was a highly complex product,
incorporating 23 parts (compared with the five pieces for most disposable razors).
Its complexity created stiff manufacturing challenges. For example, because the
blades needed to float on springs independently of one another, they had to be
much more rigid (to hold their shape) than those existing systems and, therefore,
had to be mounted on a thick steel bar. Since gluing them to the bar would have
been too unreliable, imprecise, and expensive for high-volume manufacturing,
Gillette engineers, working with a vendor, developed a laser spot-welder capable
of performing 93 highly intricate welds per second –faster than any existing razor.
Gillette also needed to develop intricate moulds so that it could make the head of
the razor (which holds the blades) within tolerance of ± .0002 inches.
(Pisano and Wheelwright 1999, pp. 86-87)
The manufacturing processes developed to make Gillette’s razor and its blade were a major barrier
to entry.
The First Risk of an Innovation Project
There are several inescapable risks involved in any innovation project. The first type of risk (Risk 1 or
technical risk) is the possibility that the project will not reach technical completion. This may be due
to lack of internal talent. When an innovation problem cannot be resolved internally, firms have two
options: ‘floating labs’ (setting up R&D labs in nations endowed with the appropriate type of human
capital) or ‘crowd innovation’ (innovation is sourced out to the public using the Internet41).
Second Risk
Assume that the creation of a new product is technically feasible (Risk 1 is not materialized). Risk 2
or commercial risk is the possibility that the innovation output will not merit commercial
introduction. For example, the new product can be produced but the cost of producing the new
product is too high in relation to existing products.
41

Somebody outside the firm may have a critical piece of knowledge to solve the innovation problem.
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Example 1
As an illustration, consider the innovation project of the energy company Geodynamics that received
$90 million in taxpayer money from the Australian government (Renewable Energy Demonstration
Program). The geothermal power project involved drilling several kilometres down to hot rocks,
which would then superheat water and drive generators of electricity. This project reached technical
completion (Risk 1 was not materialized), but Geodynamics had to abandon the project because of
the huge cost of the technology in bringing power to distant cities (Risk 2 was materialized). In brief,
the project was not commercially viable.
Third Risk
Now, assume that an innovation project turns out to be commercially viable.42 It may well happen
that once the new product is introduced in the market consumers (for whatever reason) do not want
to buy the new product. The Stanley Steamer (a car run on steam) and Premiers smokers (a
smokeless and tasteless cigarette) are examples of innovations rejected by the market. This suggests
– correctly – that there exists a third kind of risk, Risk 3 (economic risk). Even if Risks 1 and 2 were
not materialized there would still remain the economic risk, that is, the risk that the new product
would not be profitable.
To summarize, innovation as an economic activity involves three inescapable risks, namely
Risk 1(technical risk):
Risk 2 (commercial risk):
Risk 3 (economic risk):

the possibility that the innovation project will not reach
technical completion;
the possibility that the new product will not merit
commercial introduction; and
the possibility that the innovation will not be profitable.

Innovation Costs
The cost of creating a new idea (or innovation cost) is a one-time cost simply because any idea
needs to be created once. Innovation costs are non-production fixed costs. The innovation costs
incurred in order to produce the first unit of the new product tend to be high in comparison with the
cost of subsequent units. For example, the first disk of Windows to go out the door cost Microsoft
US$50 million, the second and subsequent disks cost US$3!
Successful Innovation and Commoditization
A successful innovation is one that turns out to be profitable (Risk 3 is not materialized). Typically, a
successful innovation commands a premium price (it may sometimes enjoy a killing margin), but as
time goes by ‘commoditization’ tends to show its ugly face. Commoditization is a term in innovation
theory that refers to the process by which an innovation loses market power (think of falling prices)
due to imitation by competitors.

42

This means that neither Risk 1 nor Risk 2 has been materialized.
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Example 2
The IBM personal computer (PC) –introduced on 12 August 1981– was a successful innovation. In
fact, the PC allowed IBM to gain 95% of the industry’s profits. However, the onset of
commoditization was quick. The PC used an operating system made by Microsoft and a
microprocessor by Intel. Neither of them was exclusive to IBM. Within a year competitors (Apple,
Compact, Dell, etc.) worked out how to make cheaper versions of the PC. IBM lost market power due
to commoditization. The reasons underlying the commoditization of the PC are shown in Diagram 1.

Diagram 5.1
Reasons for the commoditization of the PC
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3. The Innovator’s Dilemma
It is easy to explain why poorly run firms fail. However, to explain why the best-run firms lose their
position of leadership is not an easy task. The list of leading companies that displayed unusual
abilities to innovate but lost their position of leadership is long. In 1997 Harvard Professor Clayton
Christensen put forward the hypothesis that the companies in question followed principles of
management that were only temporarily correct and formulated the “innovator’s dilemma.” This
dilemma cannot be understood without the notions of ‘sustaining innovation’ and ‘disruptive
innovation.’
Sustaining and Disruptive Innovations
Clayton Christensen classifies innovations into two types: innovations that improve the performance
of existing products (sustaining innovations) and innovations that represent an important shift from
everything that has come before (disruptive innovations).
Sustaining Innovations consist of minor changes to existing products such as, for example, altering
lipstick shades (existing product: lipstick); Aloe Vera tissues (existing product: facial tissues); a razor
with five floating blades (existing product: razor with floating blades); fridge drawers more
conveniently sized and arranged; and fractionally quieter air conditioners (existing product: air
conditioner) .
Examples of Disruptive Innovations
Disruptive innovations tend to take companies by surprise, and often inflict unexpected damage on
the incumbents. There are many examples of disruptive innovations. The case of Digital Equipment
Corporation, commonly known as DEC or Digital, is a classic example of an incumbent producer
paralysed by a disruptive innovation: the desktop computers disrupted the mini-computer.43
Furthermore, transistors disrupted vacuum tubes; mini-mills disrupted integrated mills; the ballpoint
pen disrupted the fountain pen; digital cameras disrupted non-digital cameras; and the e-book
innovation has disrupted the brick-and-mortar bookstores.
Note 2

ß Mini-mill, ballpoint pen

The ‘mini-mill’ is a classic example of disruptive innovation. Integrated producers of steel transform
iron ore into a broad range of steel products, including steel sheets and re-bars. The introduction of
the mini-mill based on an electric arc furnace made it possible to produce low quality re-bars from
scrap metal at a lower cost than integrated producers could achieve (20% less or thereabout).
A ballpoint pen is a pen in which the point of the nib is a fine ball-bearing, depositing an extremely
thin film of ink, which is stored in a cartridge. Hungarian brothers László and György Bíró are
43

The term ‘mini-computer’ can be a bit confusing and requires clarification. DEC (Digital Equipment
Corporation) was founded in 1957 by Kenneth Olsen. In 1960, Digital offered the first ‘small’ computer to the
world, the PDP-1 (Program Data Processor). It cost $120,000 at a time when the only available computers were
million dollar (room-sized) mainframes from companies such as IBM and Univac. Unlike the mainframe
computers of the day, the PDP-1 was of the size of a standard refrigerator. In 1965, DEC introduced the PDP-8.
This machine was small enough to fit on a cart, and is generally considered as the first ‘mini-computer.’
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credited with inventing the pen we still use today. A fountain pen is a pen with a reservoir for
supplying ink to the point of the nib. The cost of producing a ballpoint pen today is around 20 cents.
Fountain pens are expensive because of high material costs and high production costs (the cheapest
fountain pen could be around $100.00 and one of the Forzieri fountain pens is close to $71,000.00).
-------------------------Five additional examples of disruptive innovations, which by no means exhaust the list of
possibilities, are: cloud computing (the trend to compute and store data on the Internet, rather than
on a local computer), iPhone, Facebook, Twitter, and Airbnb.
Note 3

ß The cloud

The ‘cloud’ is a delocalized nebula of processing power and storage floating in the Internet.
Nowadays, software is a big chunk of code sitting on a hard disk embedded in your computer. With
the cloud, software becomes a service through the Internet. This may spell the death of hard disk
software. Byrne et al. (2018) found that the prices of cloud services have plummeted, market size
has burgeoned, and investment in related technology has soared.
Note 4

ß Creative destruction and disruptive Innovations

At first glance, the relationship between creative destruction and disruptive innovations appears to
be obvious: whenever a disruptive innovation is introduced in the market, creative destruction
follows. It is true that disruptive innovations may generate creative destruction. For example, the CD
destroyed the video-cassettes. However, disruptive innovations do not necessarily destroy old
products or processes. For example, mini-mills and integrated mills, ballpoint pens and fountain
pens, and i-phones and home phones coexist.
Innovation and Market Power
Disruptive innovations are very attractive to industry outsiders. Disruptors often fly below the radar
of incumbent businesses. Incumbents are often caught flat-footed and they are unable to react to a
disruptive innovation – they flee rather than fight. The dichotomy sustaining/disruptive innovation
has important implications in relation to the market power of incumbent firms.
Innovation theory has established the impact of different types of innovations on market power and
specified the typical reaction of the incumbent firm. If a competitor introduces a sustaining
innovation, the incumbent’s market power tends to be threatened. The incumbent fights rather than
flees. However, when the competitor launches a disruptive attack the incumbent’s market power is
eroded and, typically, the incumbent will flee rather than fight. These relationships can be shown in
tabular form (see Table 5.1).
We mention, in passing, that Bill Gates was haunted by the notion of disruptive innovation. The
Economist reported that Gates asked for Professor Christensen’s help to avoid disruption.44

44

See The Economist (2008), p. 15.
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Type of innovation introduced
by the outsider
Sustaining

Market power
(Incumbent)
Threatened

Response
(Incumbent)
Fighting rather than fleeing

Disruptive

Eroded

Fleeing rather than fighting

(Improvements to existing items)
(Redefines the playing field)

Table 5.1
The impact of different types of innovations
Statement and Solution of the Innovator’s Dilemma
The Innovator’s dilemma revolves around the conflicting demands of sustaining innovations and
disruptive innovations. To explain the dilemma, Professor Christensen wrote a landmark book
entitled The Innovator’s Dilemma. At the beginning of this book we find an intriguing paragraph:
This book is about the failure of companies to stay atop their industries when
They confront certain types of markets and technological change. It’s not about
the failure of simply any company, but of good companies – the kinds that many
managers have admired and tried to emulate, the companies known for their
abilities to innovate and execute. Companies stumble by many reasons, of course,
arrogance, tired executive blood, poor planning, short-term investment horizons,
inadequate skills and resources, and just plain bad luck. But this book is not about
companies with such weaknesses: It is about well-managed companies that have
their competitive antennae up, listen astutely to their customers, invest
aggressively in new technologies, and yet still lose market dominance.
(Christensen 1997, p. vii) [Italics in original]
The Innovator’s Dilemma refers to innovative companies that fail. They fail because they focus only
on sustaining innovations. More precisely the Innovator’s Dilemma can be stated as follows: the
more an innovative firm confines attention to sustaining innovations, the more likely it is that it will
fall away in the medium term due to the introduction of disruptive innovations by competitors.
At the core of the innovator’s dilemma is the insight that companies intent on listening to their best
customers frequently miss opportunities to create new growth businesses. It is true that there is
value in listening to demanding customers, but it is true, also, that established firms’ tendency to
responding to the needs of their best customers makes it difficult to anticipate the future impact of
disruptive innovations on their core businesses. In brief, companies focusing only on their best
customers end up producing products that are too good for mainstream consumers. This
overshooting creates opportunities for disruptors.
Firms with resource allocation processes designed to support sustaining innovations tend to get
blindsided by disruptive innovations. Attempts to resolve the Innovator’s Dilemma can be found in
Christensen (1997) as well as in Christensen and Raynor (2013). The optimal response for getting to
the crux of the dilemma consists of creating disruptive innovations rather than being destroyed by
them, becoming disruptors rather than disruptees.
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Incumbents Disrupting Themselves
It is difficult to disrupt yourself from within –that is, using the existing organization to disrupt your
own business. Incumbent managers tend to dislike disruptive innovations because profits are not
predictable and current customers may have no interest in the innovation. However, it appears that
the optimal solution to the Innovator’s Dilemma is attracting increasing attention. Many companies
are trying to create disruptions rather than being destroyed by them. In fact, there are a growing
number of long-established market leaders that are turning disruption from a threat into an
opportunity.
In the 1980s and 1990s, only about 25 percent of disruptive innovations we
tracked in our data base came from such incumbents, with the rest coming
from start-ups. But during the 2000s, 35 percent of disruptions were launched
by incumbents.
Scott and Christensen (2011)
What are the biggest threats for the big Australian banks? According to Andrew Thorburn, CEO of
National Australia Bank (NAB),
Competition is coming from traditional banks and fintech players, but more
significantly from global tech giants that have entered financial services. We
need to be ready for new types of technology and better service or customers
will go elsewhere. One of the ways we are facing competition is to disrupt
ourselves from within, through our innovation hub NAB labs.
The Deal, Issue 101, March 2018, p. 15
UBank is a digital-only bank with full license banking from NAB. In 2017 this digital bank introduced
“Robochat” for home loan applications.
4. Fast Innovation Approach
Inert growth is bound to be stopped by the almost inevitable commoditization curse. The growth of
a modern firm is conceived as organic growth, i.e. growth displaying the sort of interconnectedness
characteristic of the relations of the parts of a living organism to the whole. This sort of growth
excludes growth attributable to takeovers, acquisitions or mergers. In practice, organic growth is
attained by continual innovation.
Fast Innovation
It should be clear that what matters in a Creative Economy is not just being rapidly innovative but
becoming increasingly attentive to disruptive innovations. These insights are incorporated in the socalled “fast innovation approach.” Fast innovation is the process of creating innovations with
enough differentiation and speed such that the firm maintains above-average returns for decades.
In essence, the fast innovation approach consists of a burning platform (explanation to staff
members why the firm must be good at innovation) and three engines of organic growth:
differentiation, fast-time-to-market, and probing for disruption. Differentiation is needed to fetch a
premium price or increase the firm’s market share. Fast-time-to-market means quickly creating
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innovations to counter the commoditization curse. Finally, probing for disruption refers to the use of
disruptive opportunities to make competitors’ products obsolete.
The fast innovation approach is closely related to the theory of disruption developed by Professor
Christensen. This approach has been developed in the book Fast Innovation by George et al. (2005)
with a Foreword written by Clayton M. Christensen. In the Foreword Christensen expresses:
My understanding of innovation has been enlarged through my interactions with
Mike [Michael George]. I am grateful that in the writing of this book Mike has
relied upon my research and that I have similarly been able to build upon his
understanding. I thank him for providing all of us with the set of practical
implementation tools presented in this book.
(George et al. 2005, p. ix)
In Chapter 2 we have made an analogy between a Creative Economy and a perpetual motion
machine. It appears that the machine not only would continue to operate forever but with an ever
increasing pace of innovation. The fast innovation approach supports the view that the interaction
between ideas and human capital (Principle 1 in the Basic Model) and creative destruction (Principle
2 in the Basic Model) is happening faster and faster.
Creative Economy: Boon or Bone?
Karl Marx (1818-1883) predicted that capitalism would destroy itself as labour-saving technological
progress reduces the demand for labour, creating massive unemployment, and this would lead
eventually to revolution. It is well-known that Marx’s prediction proved to be wrong. In the past,
labour-saving innovations stimulated more human employment in total than it destroyed. However,
what was true in the past does not imply that it will be true in the future.
Elementary economic logic suggests that a Creative Economy may harbour a tendency toward
human unemployment. By definition, a Creative Economy is a profit-oriented economy and the firms
operating in this sort of economy are predominantly profit-seeking firms. Consequently, they will
strive for cost-minimization and acquire cost-reducing innovations as soon as they are available.
Cost-reducing innovations tend to be labour-saving, not labour-augmenting.
Some analysts believe that the vision of a lazy, automated tomorrow has given way to a much darker
prospect. For them, the impact of automation on jobs represents humanity’s biggest existential
threat. The next chapter provides an overview of the debate between “technology enthusiasts”
(automation is not a problem) and “technology sceptics” (this time is different).

Chapter Summary
n Both the Efficient Firm’s Dilemma and its solution are evident in the
context of a Creative Economy (see Diagram 5.2)
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Diagram 5.2
The Efficient Firm’s Dilemma: statement and solution

n Clayton Christensen’s famed concept of “The Innovator’s Dilemma” is
less obvious but once understood, the optimal solution is not far to seek
(see Diagram 5.3)

Diagram 5.3
The Innovator’s Dilemma: statement and solution
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n The fast innovation approach throws light on the increase in the pace of
innovation currently observed in advanced economies (see Diagram 5.4)

Diagram 5.4
The fast innovation approach: pictorial description
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APPENDIX H: BUSINESS INNOVATION AND SOCIAL INNOVATION
What is the relationship between business innovation and social innovation? To answer this
question we need to define the terms ‘business innovation’ and ‘social innovation.’ It is generally
agreed that business innovations are new ideas created with the intention of making money. No
agreed definition of social innovation exists. Quite obviously, we cannot proceed any further unless
we select a definition of social innovation. Our definitional choice is the frequently quoted definition
formulated by Pol and Ville (2008):
(…) By and large, the existing definitions revolve around new ideas conducive
to human welfare enhancement. We use this defining characteristic to suggest
the following definition: an innovation is termed a social innovation if the
implied new idea has the potential to improve either the quality or the quantity
of life. Examples of innovations that fit nicely with this definition abound:
innovations conducive to better education, better environmental quality and
longer life expectancy are a few.
(Pol and Ville 2008, p. 881) [Italics in original]
There are three qualifications of this definition. First, ‘quality of life’ is understood in a macro sense
and involves at least following ten components, not necessarily in order of importance: material
well-being; education opportunities; health domain; job security; family life; political freedom;
political stability and security; gender inequality; community life; and natural environment. Second,
‘improvement’ in the quality or the quantity of life means increase in the number of valuable options
that people can choose from. Finally, it is implicit in the above quoted definition that we are
interested in desirable social innovations, i.e. social innovations that in fact improve the quality of
life or extends life expectancy.
To organize our thinking, consider two sets of innovations. The first set, denoted by BI, is the set of
all business innovations. The second set is the set of all social innovations, denoted by SI. As will
become apparent, the pedagogical advantage of the language of sets is that it allows us to draw
diagrams able to help our intuition.
Bifocal Innovations
Are there innovations that are both business innovations and social innovations? The history of
innovation shows that the majority of business innovations tend to have beneficial effects not only
for the innovators but also for the community as a whole. This suggests that there are many
business innovations that are social innovations as well. An innovation which is both a business
innovation and a social innovation is located in the overlapping of the sets BI and SI, and is termed
bifocal innovation.45 For instance, solar panels –innovations designed to absorb the sun's rays as a
source of energy for generating electricity or heating– is a bifocal innovation.
Pure Social Innovations
Note, however, that stating that there are a lot of innovations which are simultaneously business
innovations and social innovations is not the same as saying that the sets BI and SI are identical.
45

In the language of sets, a bifocal innovation belongs to the intersection (or overlapping) of the sets BI and SI,
denoted by BI Ç SI.
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Business innovations need not be social innovations and social innovations are not necessarily driven
by the profit motive. The innovation “razor with floating blades” introduced by Gillette in 1990 is a
business innovation but it does not appear to have had a perceptible influence on the quality of life.
“Micro-lending” is a social innovation consisting of the extension of very small loans to extremely
impoverished people (including unemployed) who are not considered bankable. The creator of
micro-lending was Muhammad Yunus –a Bangladeshi banker and economist – who was not a profitseeking innovator.
The foregoing naturally leads to a refinement of the terminology. A pure business innovation is a
business innovation that does not belong to SI (the” razor with floating blades” is a pure business
innovation), and similarly, a pure social innovation is a social innovation that does not belong to BI
(“micro-lending” as envisaged by Yunus is a pure social innovation).
Before going into a diagrammatic summary, it is convenient to do a classificatory exercise based on
the innovations “Anticipatory shipping,” “Facebook,” and “Clean Up the World.” To this end, we
briefly described the innovation, and then allocate it to one of the previous categories.
Anticipatory Shipping
In 2013, Amazon created a new idea (“anticipatory shipping”) to eliminate the major disadvantage
that Internet sellers have compared with physical stores: the delay between buying an item and
receiving it. Specifically, “anticipatory shipping” is an algorithm (a software program) to predict what
people will buy –before customers have clicked the purchase button! Using this information,
Amazon will send these predicted items to a nearby “hub” or local warehouse. This new idea is an
innovation. Amazon obtained a patent for this innovation. The impact of this innovation on the
quality/quantity of life is negligible. Anticipatory shipping is a pure business innovation.
Facebook
Facebook is an American company based in Menlo Park, California. Its website was launched
on February 4, 2004, by Mark Zuckerberg, along with fellow Harvard College students and
roommates Eduardo Saverin, Andrew McCollum, Dustin Moskovitz and Chris Hughes. Facebook is a
profit-seeking organization where the bulk of revenue comes from digital advertisements. It is also a
popular free social networking website that allows registered users to create profiles, upload
photos, and videos, send messages and keep in touch with family, friends, and colleagues. Facebook
is a bifocal innovation.
Clean Up the World
Clean Up the World is associated with the United Nations Environmental Programme (UNEP). Clean
Up the World is a community-based environmental innovation (created in 1993) that mobilizes
millions of volunteers from more than 120 countries annually to clean up, fix up, and protect our
planet from environmental degradation. There is no profit motive attached to Clean Up the World,
and, therefore, it is a pure social innovation.
Putting Them Altogether
Classificatory exercises tend to be tedious mental gymnastics. However, we can help our biological
memory by drawing diagrams. To visualize the relationship between business innovation and social
innovation we can use two circles, one to represent the set of all business innovations BI and
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another to represent the set of all social innovations SI. A point in one of the circles of Diagram 5.5
identifies either a business innovation or a social innovation or both. The overlapping of the circles
constitutes the collection of all bifocal innovations. Diagram 5.5 also shows the location within the
circles of the six innovations mentioned in this appendix.

Diagram 5.5
The relationship between business innovation and social innovation

Concluding Comment
Many readers –if not all– would recognize that Diagram 5.5 is a Venn diagram. This kind of diagram
begins with a box called universal set (not shown in Diagram 5.5). The universal set contains all
possible types of innovations. The circles BI and SI will be inside the box. If curiosity driven research
leads to a new result such as, for example, “the optimal number of legs for an insect is 9,” this
innovation will be a point within the universal set. But this innovation is neither a business
innovation nor a social innovation, and therefore, it cannot be allocated to either circle in Diagram
5.5.
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Chapter 6 ¤ Looking to the Near Future

Concise Preview

n The key question in this chapter is: what would a creative economy look
like in the near future?
n It is generally agreed that the “next economy” will revolve around smart
machines aka robots.
n It is unclear whether the current wave of automation will lead to
unemployment in the near future.
n Concerns about human competition with machines are not new. They go
back 200 years ago.
n Technology enthusiasts believe that there is nothing to worry about with
new technology, but technology sceptics are deeply concerned with the
relentless progression toward automation.
n Which jobs will be affected by automation? To assess the future of
human work researchers carry out anticipation exercises.
n This chapter ends with the design of a rational response to the
unstoppable march of the robots.
n The majority of economists are not concerned with the current wave of
automation. This can be verified with the information provided in
Appendix I.
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1. Introduction
In this chapter we ask: given the relentless progression toward automation, what would a creative
economy look like in the not-too-distant future? This is an awkward question because the answer
requires predictions under conditions of deep uncertainty.
Economists are concerned with the future as well as with the past. But it is from the past that they
have to begin. The past provides them with the facts which they use to construct models. Any
quantitative, data-driven analysis necessarily depends entirely on information gathered in the past,
and, in some cases, that data may have been collected many years ago.
It should be clear that to address questions concerning the future we can only use empirical data
from the past simply because future data do not exist. To tentatively answer questions referring to
the future it is often necessary to imagine the future by developing models. It should also be clear
that the fact that an economist can visualize a future in his model is not evidence that it is likely to
happen.
The fruitfulness of any model hinges on the degree to which factors relevant to the particular
investigation at hand are brought into sharp focus. The point of departure of our reasoning is that a
creative economy is propelled by two essential factors inextricably tied together, namely:
technological progress and the profit motive. The importance of these two factors emerges from
the study of the history of earlier periods.46 Diagram 6.1 is a primitive picture designed to point out
that the fundamental impulses that keep the creative economy engine in motion come from
technology and profit. The creative economy not only never is but never can be stationary.
Being schematic, Diagram 6.1 ignores an ocean of facts, but it points out the most important factors
(technology and profit) causing economic change in a free-market economy. Almost everyone agrees
that the “next economy” will revolve around smart machines aka robots where workers will struggle
to fend off obsolescence. Thus, robots might engender unemployment due to widespread human
replacement. Is this fear misplaced?
Roughly speaking, the answer depends on whether you are a member of the “technology
enthusiast” group or the “technology sceptic” group. These groups have specific approaches. While
the group of enthusiasts follow the historical approach and point out that the fear of robots is not
justified, the group of sceptics develop an argument based on economic logic to show that this time
is different.
Before delving into this debate, it is helpful to have a historical perspective. As will become
apparent, history shows that concerns about the downside of new technology (namely: human
replacement) are not new. It is also helpful to introduce some new terminology and examples about
human replacement.

46

A glance at Appendix D shows that these factors are emphasized by the endogenous growth theory.
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Diagram 6.1
Propelling factors of a creative economy
2. Historical Perspective
Luddites
Concern about the downside to new technology goes back at least to Ned Ludd’s destruction of two
stocking frames in 1779 near Leicester, England. Ludd (a weaver from Anstey) is supposed to have
broken two stoking machines in a fit of rage. He became a mythical leader figure. Wherever any
machinery was smashed the claim “Ned Ludd must have done it” became a catchphrase, and so the
association with the myth and legend grew. More than three decades later –in 1812– about 150
armed workers (self-named Luddites) marched on a textile mill in Huddersfield, England, to smash
equipment. The British army promptly killed or executed 19 of their members. Later in 1812, the
British Parliament passed a law authorizing death for vandalizing machines.
The Machinery Question: Ricardo
David Ricardo (1772-1823) was the first economist to focus on the issue of human competition with
machines. The buzzword at the time was “the machinery question,” posed by Ricardo.47 In a speech
in Parliament in 1819 Ricardo maintained that the introduction of machinery did not reduce the
demand for labour. But soon after this pronouncement Ricardo changed his mind. In the third (and
last edition) of The Principles of Political Economy and Taxation, published in 1821, Ricardo added a

47

The “machinery question” refers to the controversy over the dangers posed by machines, e.g. the
substitution of machinery for human labour may render humans redundant.
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new chapter entitled “On Machinery” in which he analysed the effect on the economy of the
introduction of machinery. At the beginning of Chapter XXXI, On Machinery, he wrote:
In the present chapter I shall enter into some inquiry respecting the influence
of machinery on the interest of the different classes of society, a subject of great
importance, and one which appears never to have been investigated in a manner
to lead to any certain of satisfactory results. (…)
(Ricardo 1911, p. 263)
The conclusion reached by Ricardo was pretty striking:
(…) I am convinced that the opinion entertained by the labouring class, that
employment of machinery is frequently detrimental to their interests, is not
founded on prejudice and error, but is conformable to the correct principles of
political economy.
(Ricardo 1911, p. 264)
Marx: Wrong Prediction
Karl Marx (1818 – 1883) predicted that capitalism would destroy itself. The mechanization of the
economy would lead to mass unemployment and deteriorate the standard of living of workers,
ultimately driving them to a subsistence wage (Marx 1906, pp. 708-709). It is well-known that Marx’s
prediction proved to be wrong. In the past, mechanization stimulated more employment in total
than it destroyed. Living standards have grown dramatically. However, what was true in the past
does not necessarily imply that it will be true in the future.
Keynes-Schumpeter
In the first quarter of the 20th century rapid technological progress was in the minds of two
colossuses of economic thought living beyond their time: John Maynard Keynes (1883-1946) and
Joseph Alois Schumpeter (1883 – 1950). Keynes provided deep insight into the meaning of
technological unemployment.
In the early 1930s, with the United States in deep depression, it seemed to many that Karl Marx was
right and capitalism was indeed doomed. John Maynard Keynes writing in the midst of the Great
Depression pointed out a new disease called ‘technological unemployment.’ This is what Keynes
wrote about technological unemployment:
We are being affected with a new disease of which some readers may not have
yet heard the name, but of which they will hear a great deal in the years to come
–namely, technological unemployment. This means unemployment due to our
discovery of means of economising the use of labour outrunning the pace at
which we can find new uses for labour.
(Keynes 1930, p. 325) [Italics in original]
He went on to say that ‘this is only a temporary phase of maladjustment,’ predicting a future of
leisure and plenty one hundred years hence (Keynes 1930, p. 325). His prophesy gained
reinforcement with Schumpeter’s 1942 encomium to ‘creative destruction.’
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The Return of the Machinery Question
By the end of the 1940s the machinery question had faded away because the overall effect of
mechanisation turned out to be massive job creation. The 19th century Luddites lost the battle to
prevent weaving machinery stealing their jobs and we have accepted the unquestioned march of
technological progress since. However, artificial intelligence, automation, and robotics are now
prompting the same concerns as mechanisation did two centuries ago. After 200 years, the
machinery question is back.
3. Human Replacement
We believe it is a good idea to start by demarcating several key terms. For economists, ‘human
replacement’ means ‘the production by ourselves of ever better substitutes for ourselves.’ The link
between human replacement and robots has a powerful grip on the collective imagination of
humans. Few robots look even remotely human, but they have one ultimate creator: us.
Enabling Products
Within the set of all firms operating in a creative economy there is a subset of companies focusing
on the creation of enabling products which are, by definition, either cost-reducing technologies or
efficiency-enhancing technologies or both. Many enabling products have entailed a substitution of
capital for labour in particular economic sectors but pervasive human replacement has not been the
general rule.
For example, the tractor has been an enabling product in agriculture that replaced humans, horses,
mules, and oxen, but did not completely replace human labour. The indispensability of human
mental functions fulfilled by human labour such as, for example, constant attention of alert drivers,
guiding hand, and sharp eyes, could not be replaced. The personal computer (PC) has been an
enabling product leading to efficiency gains in many sectors, but mental functions are still required
to operate a PC.
Enabling Firms- Recipient Firms
The firms creating enabling products (enabling firms, for short) sell their innovations to firms
operating in a variety of sectors (agricultural sector, manufacturing sector, financial sector, etc.). Any
firm buying enabling products is termed a recipient firm. The demand for enabling products is a
derived demand in the sense that the recipient firms demand those products not for its own sake
but because of their production attributes such as, for example, cost reductions. Because managers
are obsessed with cost-minimization and efficiency-gains over time, the demand for enabling
products is always present.48
Robots
Any device based on Artificial Intelligence (AI), automation or robotics will be included in the
category ‘robots’. This definition is general enough to capture industrial robots –defined as fully
48

The rule “supply creates its own demand” (economists call this rule Say’s law) works exceedingly well for
enabling products.
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autonomous reprogrammable, multipurpose machines– and other machines requiring a human
operator but able to reduce the quantity of human jobs.
Using a model in which robots compete with human labour in the production of different tasks,
Acemoglu and Restrepo (2017a) estimated the equilibrium impact of industrial robots and find that
on average the arrival of one new industrial robot in a local labour market coincides with an
employment drop of 5.6 workers. They conclude their paper by expressing that “the negative effects
we estimate are both interesting and perhaps somewhat surprising, especially because they indicate
a very limited set of offsetting employment increases in other industries and occupations.”
(Acemoglu and Restrepo 2017a, p. 37).
Robot-based Enabling Products
Enabling products has been gradually mutating toward robots. Robot-based enabling products are
enabling products capable of performing one or more functions previously carried out by the human
mind, e.g. speech recognition and visual perception. These products have negative or positive
effects on employment.
The negative effect comes from the direct displacement of workers by robots (displacement effect).
The positive effects are the counterbalancing forces which push against the displacement effect. For
example, when assembly lines in manufacturing plants substitute robotic arms for workers these
plants will require humans to service and maintain the robots. Furthermore, productivity
improvements due to new robots may expand employment in other sectors and absorb the labour
freed up from the tasks that are now performed by robots. Quite obviously, if the displacement
effect is not counterbalanced by other economic forces, there will be a reduction in labour demand.
Examples
In order to identify robot-based enabling products, we have to verify that the product in question
encapsulates two features: first, the product reduces costs or enhances efficiency (it is an enabling
product); and second, the software replaces mental functions.
Example 1

ß Hamburger-making robot

The most advanced robot cook is the hamburger maker developed by Momentum Machines. The
robot takes in raw meat, buns, condiments, sauces and seasonings, and converts these into finished,
bagged burgers (up to 120 burgers per hour). Moreover, this smart machine allows consumers to
customize their burgers, specifying not only how they would like them cooked, but also the mix of
meat in the patty. The robot cook can be viewed as more hygienic since fewer workers come into
contact with the ingredients. Each machine costs under $US1 million. The hamburger-making robot
is expressly designed to displace two to three full-time kitchen workers, thus saving fast-food
companies $90,000 per franchise per year.49

49

Momentum Machines co-founder Alexandros Vardakostas is devastatingly unambiguous: “Our device isn’t
meant to make employees more efficient,” he said. “It’s meant to completely obviate them” as quoted in
Wade Roush “Hamburgers, Coffee, Guitars, and Cars: A Report from Lemnos Labs,” Xeconomy.com, 12 June
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To sum up, the hamburger-making robot is an enabling product that reduces labour cost and
increases efficiency (automated preparation is more hygienic), and the software replaces the mental
actions of human employees. Therefore, the robot cook is a robot-based enabling product.
Example 2

ß Robotic Process Automation

Robotic Process Automation (RPA) is a technical term that refers to a non-humanoid robot. The
robot consists of a software that is quick to install and configure, works on top of existing software,
and replicates the mental actions a human worker would make. It is particularly applicable in the
areas of accounting and finance.
The tasks performed by this robot include the following four:  Pulls PDF attachments from an email inbox;  Transposes the data in each PDF to a row in a master Excel document, which is saved
on the machine;  Logs into a web system and the data from each record in the Excel document is
entered into the system to generate an invoice; and  Confirms process completion via e-mail.
It is both cost-reducing (four minutes of work for the robot is equivalent to about one hour of work
for a person) and efficiency-enhancing (the robot reduces the error rate to almost nil and
strengthens risk and control management). Many firms are unwilling to talk publicly about RPA
because of the impact of the software on staff –large scale white collar job losses are expected when
a firm introduces the robot.
To sum up, RPA is an enabling product (reduces cost and increases efficiency) and is capable of
replacing mental actions. Therefore, RPA is a robot-based enabling product.
Example 3

ß WorkFusion

In RPA any repetitive task can be recorded and performed using a robot, that is, it only works with
simple lower level tasks. The execution of projects in large corporations tends to be highly labourintensive requiring non-repetitive tasks. WorkFusion is a New York-based software robot company
officially incorporated in 2011. The product offered by WorkFusion consists of an intelligent software
platform that manages the execution of projects through a combination of automation and crowd
sourcing. The software not only automates the management of projects but also learns from
experience.
The WorkFusion software initially classifies tasks into three groups: tasks that can be directly
automated; tasks that must be performed by in-house professionals; and tasks that can be crowd
sourced. Then, automatically post job listing on the Internet and manage the recruitment and
selection of qualified freelance workers. Once the workers are hired, the software allocates tasks
and evaluates performance. WorkFusion uses quick-thinking AI systems to create bots that trim
down workloads. Adam Devine, vice president of marketing for WorkFusion, said: “I think if there is
going to be an Oracle of intelligent automation, we are that company.” as quoted in “WorkFusion
using $35M in New Cash to Expand in Business Automation,” Xeconomy.com, 1 February 2017.

2012. Vardakostas and Steven Frehn, a mechanical engineer, will open a burger shop in San Francisco where a
robot prepares, cooks, and assembles burgers for the relatively affordable price of $US6.00 (AU$8.10).
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Quite obviously, the WorkFusion software ticks the two boxes to be classified as a robot-based
enabling product. The software reduces the need for in-house employees, and, thereby, reduces
costs. It also replaces mental actions because it automatically matches tasks with the capability of
individuals; moreover, and If a particular worker is unable to complete a given assignment, the AI
system will automatically escalate that task to someone with the required skills.
It is clear that WorkFusion creates new opportunities for freelance workers. What is not so obvious
is whether the number of new freelance jobs created by the software is greater than the number of
in-house jobs destroyed by the robot-based enabling products. We mention, in passing, that
WorkFusion‘s learning algorithms register the activities of the freelancers and generate the training
data that will gradually lead to their replacement with further automation. WorkFusion has found
that, as the system’s machine learning algorithms incrementally automate the process further, costs
typically drop by about 50 percent after a second year of operation (Ford 2015, p. 98).
Example 4

ß Smart connected products

Augmented reality (AR) is a set of technologies that allow us to take the digital information available
on the cloud and overlaid it on a human’s view of the real physical world in real time. It is expected
that AR will change how we work. According to Michael Porter, AR is a profound next step in
transforming competition in business.
In particular, AR has allowed the advent of what Michael Porter calls smart connected products.
These products are not easy to conceptualize, but some intuitive understanding can be gleaned from
the following brief description. 50 We all know that there are physical products and digital products.
The intuition behind smart connected products is that they bridge the gap between the two. A smart
connected product links a physical product (e.g. a car) and a digital product (e.g. information on the
cloud) and establishes a two-way communication between the physical product and the digital
product in real time. The link may be established by overlaying a dashboard on the physical product.
Many smart connected products are also robot-based enabling products.
Example 5

ß World’s largest robot

Rio Tinto operates about 200 locomotives on more than 1,700 kilometres of track in Australia’s
Pilbara region which is the origin of half the world’s iron ore exports. These locomotives move iron
ore from 16 inland mines to 4 port terminals in Western Australia. In December 2018, Rio Tinto
successfully deployed AutoHaul, establishing the world’s largest robot and first automated heavyhaul, long distance rail network. It is a driverless train system. The trains are operated hundreds of
miles away in an office block in Perth. Mr Ivan Vella, Rio Tinto’s head of iron ore expressed that
AutoHaul drives better than the best driver.

50

The HBR Video by Porter and Heppelman (2018) offer a visual description of smart connected products.
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Before the introduction of AutoHaul, Rio Tinto had to shuttle drivers around the sparsely populated
Australian outback to switch train drivers three times for each journey (a return journey is of the
order of 500 miles). Needless to say, Rio Tinto’s driverless system is a cost-reducing innovation. Its
impact on train driver jobs is obvious. It is also efficiency-enhancing. The different ways that human
drivers run locomotives leads to inconsistent wear-and-tear and fuel use. Human error accounts for
more than one-third of accidents.51
Section Summary
To fix ideas, we assemble in a single picture the main notions introduced in this section (see Diagram
6.2). As new generations of robot-based enabling products are developed, many non-routine jobs
protected from automation will be pulled into the routine category. Society has lawyers,
accountants, architects, teachers and other professionals to solve problems that are too complicated
for us to handle ourselves. Yet these jobs are increasingly under threat from artificial intelligence
capable of replacing the jobs of human experts.
Reverting to Diagram 6.1, it is not difficult to realize that underlying the propelling factors of a
creative economy are robot-based enabling products. Incessant creation and adoption of new robotbased enabling products makes the creative economy evolve over time. In the real world cost
reductions and efficiency improvements come in 1001 different forms.
4. Robots: Friends or Foes?
Competition between humans and robots is a booming area of research –and controversy. It should
be emphasized that analysts do not disagree about jobs vanishing in the future, they argue over
whether these will be replaced by new human jobs. Somewhat roughly, the controversy revolves
around the dynamic behaviour of the difference between the number of jobs taken by robots and
the number of jobs taken by humans.
Technology Enthusiasts
Technology enthusiasts have a valid point. History shows that fast technological progress did not
provoke persistent unemployment because it created more jobs than it destroyed. On this basis,
some analysts believe that the dizzying speed of innovation in AI, automation, and robotics we are
witnessing will lead us to an economy in which technological unemployment is not something to
worry about. Workers will shift into new economic sectors as has always been the case. Economies
will adapt and robots will create more jobs than they destroy. New technologies such as, for
example, the growing ubiquity of self-checkout at supermarkets and drug stores may temporarily
displace workers but a growing economy may quickly create jobs for these workers.
In essence, the argument of the technology enthusiasts revolves around historical extrapolations.
They use history as proof that the advance of technology is always a long-term economic blessing.
History shows that James Watt, Thomas Boulton, Thomas Alva Edison, Alexander Graham Bell, Henry
Ford, Bill Gates, and many others created new industries that more than replaced the work that was

51

In November 2018, BHP was forced to derail a 268-wagon runaway train in the Pilbara region. The train
rolled away after its driver disembarked to inspect a wagon and failed to secure the brake.
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eliminated by labour-saving innovations. The current transformation of the economy will create an
equally large opportunity.

Diagram 6.2
Enabling products and robot-based enabling products
According to Borland and Coelli (2017), automation anxiety cannot be justified on the basis of the
available historical evidence. These authors suggest that technophobia emerges from ignorance of
history and a human bias to feel that we live in special times:
An absence of knowledge of history, the greater intensity of feelings about
events which we experience first-hand, and perhaps a desire to attribute
significance to the times in which we live, all contribute to this bias. The bias
make us predisposed to believe that phenomena such as technological change
are having a more substantial and different effect today than at earlier times.
(Borland and Coelli 2017, p. 14)
It is not difficult to see that the enthusiast group claims: “What was true in the past will be true in
the future.” According to the enthusiasts, the creative economy of the future will be a Panglossian
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economy where smart machines permanently assist human workers without creating intolerable
unemployment. 52 This line of reasoning is schematically depicted in Diagram 6.3.

Diagram 6.3
Technology enthusiasts: convergence to a Panglossian economy
Technology Sceptics
Technology sceptics call into question predictions based on historical extrapolations. The gloomiest
of all sceptics is Martin Ford, a software entrepreneur and the bestselling author of Rise of the
Robots, a book that predicts a “jobless future.” Ford (2015) points out that most jobs can be broken
down into a series of routine tasks, more and more of which can be done by robots.
Under conditions of never ending technological progress fuelled by profit-seeking innovation, it
seems rash to predict the future by projecting past experience. The Achilles heel of historical
extrapolations is not far to seek: “What was true in the past may not necessarily be true in the
future.” For example, up until the first successful airplane was invented by Wilbur and Orville Wright
on December 17, 1903 it was an incontrovertible fact that human beings strapped in heavier than air
objects do not fly.53

52

According to the Merriam-Webster dictionary, ‘Panglossian’ means ‘marked by the view that all is for the
best in this best of possible worlds: excessively optimistic.’ The origin of the adjective ‘Panglossian’ goes back
to Voltaire's satirical novel Candide, published in 1759. Dr Pangloss –one of the protagonists of this novel– was
an optimist par excellence who claimed that "all is for the best in this best of all possible worlds." He kept his
optimism intact even after witnessing and experiencing great cruelty and suffering.
53
The preceding criticism does not of itself prove that the technology enthusiast’s arguments are logically
inconsistent. A logical argument based on the behaviour of a creative economy is required to reinforce the
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The argument of the technology sceptics has sharp focus on innovations that economise the use of
labour but are not accompanied with a sufficient number of new uses for labour. More precisely, the
economic logic used by the sceptics to claim that a creative economy harbours a tendency toward
technological unemployment is as follows. A creative economy is populated by profit-seeking firms.
Profits are inextricably linked to two goals: cost-minimization and efficiency enhancing. Robot-based
enabling products focus on these goals. There is always high interest in these products (the supply of
robot-based enabling products creates its own demand). Consequently, technological progress is
driven by a relentless progression toward the production of better robot-based enabling products
which, in turn, provokes pervasive human replacement.54
This simple economic logic suggests that creative economies may transform themselves into
economies in which technological unemployment is pervasive, Robot Economies, for short. The
thread of the argument presented by the sceptics is summarized in Diagram 6.4.55

Diagram 6.4
Technology sceptics: convergence to a Robot Economy

historical approach (e.g. showing that labour-augmenting innovations will dominate labour-saving
innovations).
54
The tacit assumption is that the displacement effect is not counterbalanced by other economic forces.
55
More on technological unemployment and the ‘robot economy’ in Chapter 7.
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Resolving the Controversy
In broad terms, the controversy between enthusiasts versus sceptics can be easily outlined.
Consider an economy where all the negative and positive effects of automation on employment
have taken place at the end of year t. Therefore, if the number of jobs taken by robots is R(t), and
the number of jobs taken by humans is H(t), then somewhat roughly, the intuition behind the
position of the technology enthusiast group is that
R(t) < H(t)

(always)

[1]

In contrast, the claim of the technology sceptic group is that the discrepancy
R(t) – H(t)

[2]

will grow increasingly rapidly year after year, and technological unemployment will happen in the
future.
Who is right: the enthusiasts (mostly economists and historians) who claim that in the end
technology always creates more jobs than it destroys or the sceptics (mostly futurists) who say this
time is different and robots will take an intolerable number of human jobs? Regrettably, the
controversy is inconclusive because the implications of a General Purpose Technology such as
automation cannot be known ex-ante. If we were technologically omniscient, that is, if all the
implications of a new technology were instantly known, we could resolve the debate right off. Short
of such powers, we have to admit that predictability of the type that would yield acceptably firm
expectations of direction and magnitude is not possible.
5. The Future of Employment: Anticipation Exercises
The robots are coming for our jobs. How many robots and which jobs? No one knows. There have
been several reports looking at the future of employment. To assess the future of human work,
researchers carry out anticipation exercises. The common presumption underlying these efforts is
that predicting occupational and skills demand is feasible. There are two approaches: the
Occupation-based approach and the Task-based approach. Two limitations of these approaches
should be emphasized at the outset. First, they only estimate which jobs are potentially automatable
– not how many will actually be automated. Second, they do not assess the potential for job creation
in occupations and tasks complemented by automation.
Note 1

ß First Terminological Digression

Before going into these exercises, it is convenient to specify the meaning of some terms particularly
relevant in the context of anticipation exercises. The generally accepted definition of ‘job’ is well
known: a job is an individual piece of work involving different tasks done in one’s occupation. For
example, a dentist job involves heterogeneous tasks within the occupation dentistry; a bookkeeper
job involves heterogeneous tasks within the occupation clerical work; and so on. The tasks
associated with a particular job require appropriate skills to perform the job satisfactorily.
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Occupation-based Approach
The revival of the “machinery question” happened on 17 September 2013 with the study “The
Future of Employment: How Susceptible Are Jobs to Computerization?” The authors of the study,
Carl Frey and Michael Osborne, employed an occupation-based approach which assumes that whole
occupations rather than single job-tasks can be robotized. For example, the occupation ‘hamburgermaking cook’ consists of many tasks such as taking in raw meat, buns, condiments, sauces and
seasonings, and converting these ingredients into finished, bagged burgers. The hamburger-making
robot introduced by Momentum Machines may destroy this occupation and the corresponding
tasks.

Frey and Osborne (2013) used a sample of occupations (hand-labelled by machine-learning experts
as strictly automatable or not automatable) to quantify the probability of automation. The
computation of the probability of automation takes into account three bottlenecks to automation:
perception and manipulation, social intelligence, and ideation.
Note 2

ß Second Terminological Digression

In the present context, perception tasks refer to identifying people, objects and their properties.
Robots are still unable to match the depth and breadth of human perception. Social intelligence is
the ability to get along with others and to get them to cooperate with us. Contract negotiation is a
good example. “Emotional intelligence” is inextricably linked to social intelligence. Emotions tend to
drive our behaviour and impact people –positively or negatively.56
Ideation or creative intelligence is the process of creating new ideas by making unfamiliar
combinations of familiar notions. The challenge here is to articulate combinations that “make
sense.” Ideation is often described as “thinking outside the box,” and this characterization signals a
competitive advantage of human labour over digital labour. It seems unlikely that occupations
requiring a high degree of creative intelligence will be automated in the next decades.
-----------------------------------------Frey and Osborne (2013) estimated the probability of automation for 702 occupations. Any
occupation with a probability of automation of above 70 percent was classified as at ‘high risk of
automation.’ They predicted that in the US 47 per cent of employment was at high risk over the next
one to two decades.57

56

Emotional intelligence is a term created by two researchers – Peter Salavoy and John Mayer – and
popularized by Dan Goleman in his 1996 homonymous book. It is generally agreed that this kind of intelligence
is the ability to recognize, understand and manage our emotions as well as recognize, understand and
influence the emotions of others. Learning how to manage emotions is especially important for us, humans,
and extraordinarily difficult for them, robots. Even simplified versions of typical social tasks prove difficult for
automation.
57
The Frey and Osborne (2013) study was published in Technological Forecasting and Social Change in 2017.
See Frey and Osborne (2017).
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So, which occupations are most vulnerable? As indicated in Table 6.1, many workers in sales and
services (telemarketers, accountants and auditors, retail salespeople, technical writers, real-estate
sale agents, and word processors and typists) face high risk of automation. Clergy, athletic trainers,
dentists, and recreational therapists are safe.
Task-based Approach
The preceding findings have not gone unchallenged. The realism of the Frey-Osborne occupationbased approach was questioned by Arntz et al. (2016). They proffered a different approach which
recognizes that an occupation usually consists of performing a collection of tasks, and argue that
automation does not necessarily destroy all tasks within an occupation. “Rather than assuming that
it is occupations that are displaced by machines, we argue that it is certain tasks that can be
displaced.” (Arntz et al. 2016, p. 8).

Occupation
Telemarketers
Accountant and auditors
Retail salespeople
Technical writers
Real-estate sale agents
Word processors and typists
Clergy
Athletic trainers
Dentists
Recreational therapists

Probability of Automation (1.00 = Certain)
0.99
0.94
0.92
0.89
0.86
0.81
0.008
0.007
0.004
0.003

Table 6.1
Probability of automation of different occupations, 2013
Source Frey and Osborne (2013)
The application of the task-based approach resulted in a much lower probability of automation
compared to the occupation-based approach. Indeed, using the task-based approach Arntz et al.
(2016) showed that Frey and Osborne (2013) and other studies grossly overestimated the risk of
automation:
We find that applying a task-based approach results in a much lower risk of
automation compared to the occupation-based approach. For instance, while
Frey and Osborne find that 47% of US jobs are automatable, our corresponding
figure is only 9%.
(Arntz et al. 2016, p. 8)
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s Predicting New Occupations

A recent study about the future of work shows both what we can expect and where we should be
uncertain Bakhshi et al. (2017). The report The Future of Skills finds that 18.7 per cent of the US
labour force and 21.2 of that in Britain are in occupations vulnerable to technology disruption.
Unlike other studies, they predict what kinds of new occupations may come into existence.
Nowadays, technology is not having a big disruptive impact on human jobs. Collaboration between
humans and robots is not unusual. For example, the company Zume cooks made-to-order pizza using
humans and robots. Having said this, we have to position ourselves because the march of the robots
is unstoppable.
6. Rational Response to the March of the Robots
To start with the obvious, as technology changes the skills needed for each occupation of workers
will have to adjust and acquire new skills. What do we know about learning new skills? The learning
curve describes the mastery of a skill over time. As a human learns a new skill, the newly acquired
ability builds on itself, and so the learning curve starts out looking like the exponential growth. But
skills tend to be bounded, so as the new expertise is mastered, the law of diminishing returns sets in
and growth in mastery levels off.58 The learning curve appears to be universal. Slugs, for example,
follow the learning curve when learning how to ascend a new tree in search of leaves. But there is a
remarkable difference between humans and slugs: humans are capable of innovation.
Thinking of the next economy, we ask: what is the practical use of the learning curve? It is too
general to be useful. We believe that a smooth and successful adjustment to the next economy
requires a rational response involving two distinct stages. First, we have to reinvent ourselves as ”Tshaped knowledge workers”; and second, we have to manufacture our personal “protective belt”
against robots.
T-shaped Knowledge Workers
To become a T-shaped Knowledge Worker one has to follow a two-step procedure: first, acquire
deep expertise in at least one discipline; and second, apply that expertise within a team and be
ready to develop new skills as opportunities arise. The order of the steps is crucial: you have to walk
before you can run. These steps are highlighted in Diagram 6.5.
Classifying Tasks
The standard classification of tasks distinguishes between workplace activities using a matrix.
§ Cognitive/Manual Tasks
The dividing line between cognitive and manual tasks is not straightforward. Almost all manual tasks
are based on acquired knowledge, and therefore cognitive, but certain tasks are predominantly
manual.
§ Routine/Non-routine Tasks
Routine tasks are, by definition, tasks that can be accomplished by following a set of explicit rules. By
contrast, in the case of non-routine tasks the procedures for accomplishing these tasks are not
58

A learning curve looks like an S leaning to the right because exponential growth is followed by a levelling off.
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sufficiently well understood to be codified. In principle, non-routine tasks are insusceptible of
automation.

Diagram 6.5
The two steps to become a T-shaped knowledge worker
Note 3

ß Shifting the definitional boundary

The allocation of examples to the “routine/non-routine” dichotomy is not in the nature of a “once
and for all” allocation. What sort of task is “driving a car”, routine or non-routine? The case of
driverless cars illustrates the shifting definitional boundary around what it means for work to be
‘routine.’ In the chapter “Why People Still Matter” Levy and Murnane (2004) expressed that driving
in traffic is a non-routine task (due to the difficulties of replicating human perception). Cars that can
drive themselves using artificial intelligence software able to mimic the decisions made by a human
driver already exist Markoff (2010).
-------------------------------------------The classification of tasks is shown in Table 6.2 together with some illustrative examples. This table
allows us to identify six (6) categories of tasks. As in all classificatory schemes, the distinctions are
not clear cut. It is not perfect, but it is useful to fix ideas.59 Table 6.2 has proven a workhorse for
economists.
Mapping Skills to Tasks
Mapping skills to the tasks performed by labour is the natural next step. Low-skill labour refers to
blue collar and some white collar workers. Generally speaking, the “right” skills for the future tend to
be associated with categories , , and . For example, social skills associated with category 
provide the tools for efficient coordination which underpins a productive workplace – these tools
59

The line of separation between cognitive and non-manual tasks is difficult to draw. We use this distinction
simply because it helps to organize thinking.
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are subtleties that robot-based enabling products have yet to master. The empirical evidence
supports the view that significant job growth since 1980 has been in occupations that are relatively
social-skill intensive (category ).

Table 6.2
Six categories of tasks with examples
Skill-biased Technological Progress
Skill-biased technological progress is a shift in the production technology that favours skilled over
unskilled labour by increasing its relative productivity and, therefore, its relative demand. Recent
technological change has been skill-biased because it has increased the demand for highly educated
workers (performing tasks in category ) while reducing demand for less educated workers whose
tasks usually fall into categories  and . Generally speaking, categories  and  tend to be
technological change-resistant. However, Artificial Intelligence (AI) may increasingly automate nonroutine cognitive tasks performed by high-skilled workers.
Two Types of Automation Technologies
AI can be thought of as a new form of automation that may allow tasks that were previously thought
out of reach from automation to succumb. In particular, AI applications are poised to increasingly
encroach on the skills associated with category . For this reason, researchers separate two types of
automation.
First, high-skill automation allows robots to compete against high-skill labour in complex tasks. The
new generation in AI technology, in conjunction with big data and machine learning, already has the
potential to perform many tasks in which human judgement was previously thought to be
indispensable. Second, low-skill automation expands the range of tasks that robots can perform at
the low end of the complexity distribution of tasks.
Occupations facing at least partial automation from advances in AI include accounting, valuation of
property, financial planning, management consulting, mortgage origination, paralegals, and various
medical specialties including general practice, radiology or even surgery.
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Investment in Human Capital
Investment in human capital with particular regard to written communication, analytic reasoning,
problem solving, and critical thinking will be increasingly important as routine tasks become
automated and the need for “non-digitally capturable intelligence” increases. The ability to
formulate interesting new questions seems to be uniquely human.
We predict that people who are good at idea creation will continue to have a
comparative advantage over digital labour for some time to come, and will
find themselves in demand. In other words, we believe that employers now
and for some time to come will, when looking for talent, follow the advice
attributed to the Enlightenment sage Voltaire: “Judge a man for his questions,
not his answers.”
(Brynjolfsson and McAfee, 2014, p. 192)
Components of the Protective Belt
The components of the protective belt are attributes that robots cannot easily replicate, supersede
or nullify. It should be clear that these attributes are the ones in categories, ,  and . In a
nutshell, the future for T-knowledge workers with skills to perform non-routine tasks is bright.
Australia’s Chief Scientist
The foregoing does not mean that the next generation of workers should be generalists. As indicated
by Diagram 6.5, there must be deep expertise in at least one discipline. A discipline is like a ladder of
cumulative knowledge. One has to put in the effort to climb it little by little, gradually. Australia’s
Chief Scientist Dr Alan Finkel has expressed concern about the notion that students should specialize
in nothing at all. We, as a nation, will go badly astray “if we take away from the next generation of
workers the disciplinary ladders that we climbed ourselves.” (Finkel 2018).

Chapter Summary
n Assuming relentless progression toward automation, one question
immediately suggests itself. Does the creative economy harbour a
tendency toward technological unemployment?
n Concerns about the downside of new technology go back to 200 years
ago.
n The rising standard of living of the masses emerging from the interaction
between technological progress and the profit motive – which
Schumpeter emphasized – is an incontrovertible historical fact.
n Robot-based enabling products reduce costs or increase efficiency by
replacing mental functions such as human informational grunt work.
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n Robot-based enabling products have negative and positive effects on
employment. These products replace some kinds of human labour while
boosting demand for others. In general, the full impact of automation is
unclear.
n Technology enthusiasts use history as a proof that the positive effects
will be greater than the negative effects.
n Technology sceptics use economic logic to claim that the creative
economy will generate technological unemployment and converge to a
Robot Economy in the near future.
n The controversy between enthusiasts versus sceptics is inconclusive. It is
impossible to predict the evolution of a General Purpose Technology
(GPT) such as automation. GPTs generate a long chain of interweaving
links of technological and social change in a sequence of uncertain speed
and mixture of successes and failures.
n To foresee the future of employment, researchers carry out anticipation
exercises. According to the occupation-based approach, 47% of US jobs
are automatable. However, the corresponding figure emerging from the
task-based approach is only 9%.
n Faced with this uncertainty, how can we defend ourselves from the
unforgiving advance of robot-based enabling products? We believe it is a
good defence to become a T-knowledge worker (not a generalist) and
develop a protected belt with emphasis on skills associated with nonroutine tasks.
APPENDIX I: EXPERT OPINIONS IN AUSTRALIA AND THE US
In general, economists are convinced that technological progress has always been labouraugmenting in the past and is likely to remain so in the future. Consequently, automation will not
prevent technological progress from being labour augmenting. This time is not different.
Surveys carried out in Australia and the US tend to confirm the predominant view among
economists, namely: the possibility that millions of people may be at risk of technological
unemployment should be dismissed. In October 2017, the following questions were put to the
Economic Society of Australia’s National Economic Panel:
Question 1: “Holding labour market institutions and job training fixed, rising use of robots and
artificial intelligence is likely to increase substantially the number of workers in Australia who are
unemployed for long periods.”
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Question 2: “Rising use of robots and artificial intelligence in Australia is likely to create benefits
large enough that they could be used to compensate those workers who are substantially negatively
affected for their lost wages.”
The same two questions were put to eminent US economists in September 2017 (in Questions 1 and
2, ‘US’ rather than ‘Australia’). The results of the Australian poll were overviewed by Professor Jeff
Borland and Professor Jason Potts.
The majority of respondents to the Australian poll answered Question 1 in the negative:
The proposition that rising use of robots and AI is likely to lead to a substantial number
of workers being unemployed for longer periods was disagreed with by a majority of
respondents (58%). Mostly this was based on the belief that while new technologies
destroy jobs, they will also create an approximately equal number of new jobs. The
history of new technologies having this balanced effect on job destruction and job
creation was also emphasized.
(Borland, November 2017)
The vast majority of respondents to Question 2 answered the question affirmatively:
The proposition that new technologies would bring sufficient gains to allow workers
who are negatively affected to be compensated brought forth an even larger majority
–in this case agreeing (73%). In fact, a reading of the comments suggests that the
support for the proposition was almost unanimous. Most of those who disagreed
with the proposition seem to have done so because they did not believe that
compensation would actually be provided, rather than because it would not be
feasible to provide compensation. But this was a viewpoint that was also shared by
many of those who supported the proposition.
(Borland, November 2017)
To sum up, a majority of eminent Australian economists believe that the impact of technological
progress on the Australian labour market and income distribution should be relatively limited. There
is nothing to worry about.
Beyond any doubt, the October 2017 Survey conducted by the Economic Society of Australia
produced interesting results. However, it is not free of difficulties:
There was a fair amount of ambiguity and wiggle room in the questions. First, labour
market institutions and job training were assumed to be held fixed, which is a useful
analytical simplification, but eschews a primary mechanism by which adaptation
actually takes place. Also, ‘for long periods’ is open to interpretation along the lines
of the economist’s priors. ‘Substantially’ negatively affected is a subjective
judgement call. The upshot is that this poll was inevitably somewhat of a Rorschach
test about political economy priors.
(Potts, November 2017)
As a reminder, “priors” are convictions that are held to be true by an individual or a group regarding
events; “upshot” means the conclusion or the result, the final issue; and a “Rorschach test” is a
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projective psychological test that uses a subject's interpretation of 10 standard black or coloured
inkblot designs to assess personality traits and emotional tendencies.
The comparison of the responses by Australian economists and those made by US economists who
were asked essentially the same questions can be seen in Table 6.3. A glance at this table shows that
the responses to the first proposition differed significantly. It seems that there are more technology
enthusiasts in Australia than in the US. On the second proposition, economists from Australia and
the US are in substantial agreement.

Questions about
rising use of robots
and artificial
intelligence

Australian Economists US Economists

“Holding labour
market institutions
and job training fixed,
rising use of robots
and artificial
intelligence is likely to
increase substantially
the number of
workers in Australia
(US) who are
unemployed for long
periods.”
“Rising use of robots
and artificial
intelligence in
Australia (US) is likely
to create benefits
large enough that they
could be used to
compensate those
workers who are
substantially
negatively affected for
their lost wages.”

58% (Disagree)

73% (Agree)

21% (Disagree)

88% (Agree)

Comparison

Significant
disagreement
between economists
from Australia and the
US

Substantial agreement
between economists
from Australia and the
US

Table 1
Experts in Australia and US: a comparison of opinions
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Chapter 7 ¤ Looking to the Distant Future

Concise Preview

n The key question in this (final) chapter is: what would a creative
economy look like in the distant future?
n There is a robot economy narrative conveying the message that the
future belongs to the robots.
n Due to ubiquitous automation, the economy of the distant future could
lead to pervasive unemployment and insufficient aggregate demand.
n The creative economy may be the victim of its own economic success
leading to the breakdown of capitalism.
n Schumpeter’s famous prophesy was that capitalism will destroy itself,
but the reasons he gave were sociological, not economical.
n Technological progress is advancing at a dizzying speed. The engine of
current technological progress is propelled by three mutually reinforcing
characteristics: digitization, exponential growth of computer power, and
the combinatorial nature of innovation. These characteristics are briefly
explained in Appendix J.
n Appendix K succinctly describes the so called “technological singularity”
and points out its immediate economic implications.
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1. Introduction
Even a casual glance at newspaper articles reveals the existence of a ubiquitous narrative that
stimulates anxiety about the convergence toward an automated economy in which human
unemployment is pervasive. The reader may also detect this anxiety by paging through influential
books such as The Second Machine Age: Work, Progress, and Prosperity in a Time of Brilliant
Technologies by Brynjolfsson and McAfee (2014) or The Rise of the Robots. Technology and the
Threat of Mass Unemployment by Ford (2015). For lack of a better name we will refer to it as the
robot economy narrative. This narrative is not absurdly illogical. On the contrary, it is based on
varying degrees of truth.60
Somewhat arbitrarily, we can say that the robot economy narrative has its origins in the rigorous
description of the ‘second economy’ (or virtual economy) provided by Arthur (2011). The mid-1990s
marks the beginning of a bifurcation of the real economy so that a physical economy coexists and
interacts with a virtual economy of algorithms and machines. In the virtual economy business
processes “are taking place in an unseen domain that is strictly digital.”
Arthur (2011) distinguishes “producing prosperity” from “distributing prosperity.” The virtual
economy will produce prosperity but it may not produce enough human jobs:
(…) The second economy will certainly be the engine of growth and the provider of
prosperity for the rest of this century and beyond, but it may not provide jobs, so
there may be prosperity without full access for many. This suggests to me that the
main challenge of the economy is shifting from producing prosperity to distributing
prosperity. The second economy will produce wealth no matter what we do;
distributing the wealth has become the main problem. For centuries, wealth has
traditionally been apportioned in the West through jobs, and jobs have always been
forthcoming. When farm jobs disappeared, we still had manufacturing jobs, and when
these disappeared we migrated to service jobs. With this digital transformation, the
last repository of jobs is shrinking –fewer of us in the future may have white-collar
business process jobs– and we face a problem.
(Arthur 2011, p. 7) [Italics in original]
The robot economy narrative went ‘viral’ with the release of the study “The Future of Employment:
How Susceptible Are Jobs to Computerization?” by Frey and Osborne (2013). This study provoked
widespread anxiety about the future of work.
In this (final) chapter we ask: assuming increasing returns to automation, what would a creative
economy look like in the distant future? We can only speculate about a possible answer to this
formidable question. Our speculative argument will be based on elementary economic logic. To
articulate the line of reasoning, we need to revisit Keynes’s definition of technological
unemployment and demarcate the concept of a ‘robot economy.’

60

A narrative is a spoken or written account of connected events. Mass psychology tends to be tuned to
simple stories that many people want to bring up in conversation or on social media or on news and these
stories may influence economic decisions. Narratives maintain a core contagious element in the form of
successful spreading. According to Shiller (2017), changing popular narratives may cause economic
fluctuations.
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As will become apparent, the possibility that in the long-run a creative economy may be the victim of
its own economic success cannot easily be overlooked. This possibility of a break down in capitalism
is reminiscent of Schumpeter’s famous prophecy, namely: capitalism will destroy itself, which can be
found in his 1942 book Capitalism, Socialism, and Democracy. It is well known that the reasons he
gave to justify the collapse of capitalism are sociological, not economical.
2. Technological Unemployment Revisited
“Technological unemployment” is conceptually a rather subtle notion and is not trivial to calculate.
When you can express in numbers what you are talking about you gain further understanding about
it. This is why we are going to illustrate the concept of technological unemployment by using a few
numerical tables and figures. The key variables are the number of jobs taken by robots R(t) and the
number of jobs taken by humans H(t).61
Note 1

ß Notational digression

We cannot proceed any further without introducing a piece of technical notation. We need a symbol
to represent the difference between the number of jobs taken by robots at the end of the year t+1,
denoted by R(t+1), and the number of jobs taken by robots at the end of year t, R(t). The symbol
conventionally used to denote the change in the value of a variable is the Greek letter D. The change
experienced in the variable R evaluated at year t+1 with respect to year t is
DR(t) = R(t + 1) – R(t)

[1]

DH(t) = H(t + 1) – H(t)

[2]

Similarly, the expression

is used to measure the change in the number of jobs taken by humans. In what follows we will
assume that the variables R(t) and H(t) are increasing over time, so that the symbol D means
“increase.”
-----------------------------------We revert to the concept of technological unemployment as defined by Keynes (1930, p. 325). 62 The
intuition behind Keynes’s definition can be grasped by comparing the increase in the number of jobs
taken by robots, denoted by DR(t) and the increase in the number of jobs taken by humans, denoted
by DH(t).
We can paraphrase the Keynesian definition of technological unemployment as follows.
Technological unemployment is said to exist, if and only if, the increase in the number of jobs taken
by robots is greater than the increase in the number of jobs taken by humans. In symbols,
technological unemployment means
DR(t) > DH(t),

[3]

61

The variables R(t) and H(t) were introduced in Chapter 6 (see Resolving the Controversy).
The original Keynesian definition of the term “technological unemployment” was reproduced in Chapter 6,
Section 2.
62
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Hypothetical Example
To see the intuitive meaning of this definition, we develop a numerical example using tables and
diagrams derived from the tables.
s Tables

The numerical values of the variables R(t) and H(t) are shown in two separate tables (Tables 7.1 and
7.2).

t
(Year )
1
2
3
4
5
6
7

R(t)
(Jobs taken by robots, millions)
11
20
30
55
90
130
185
Table 7.1
The behaviour of the variable R(t)

t
(Year )
1
2
3
4
5
6
7

H(t)
(Jobs taken by humans, millions)
40
60
75
85
90
95
98
Table 7.2
The behaviour of the variable H(t)

s Diagrams Derived from Tables

To visualize the behaviour of the variables R(t) and H(t) we graph the curves originated by these
tables on separate figures.
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Diagram 7.1
Graphical representation of Table 7.1
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Diagram 7.2
Graphical representation of Table 7.2
s Computing Changes

Our next task is to compute the change in R(t), denoted by DR(t), and the change in H(t), denoted by
DH(t) using the information provided by Tables 7.1 and 7.2, respectively.
Computing Changes in R(t)
Look at Table 7.3. The first and second columns of Table 7.3 are identical with those from Table 7.1.
The third column represents the increase in the number of jobs taken by robots when the economy
moves from year t to year t+1. For example, the increase in R(t) when we move from year 1 to year
2, denoted by DR(1), is calculated as follows:
DR(1) = R(2) – R(1) = 20 – 11 = 9

[4]

Similarly, the increase in R(t) when we move from year 2 to year 3 is
DR(2) = R(3) – R(2) = 30 – 20 = 10,
and so on.
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[5]

t
(Year )
1
2
3
4
5
6
7

R(t)

(Jobs taken by robots, millions)

11
20
30
55
90
130
185

DR(t) = R(t + 1) – R(t)
(millions of jobs)
9
10
25
35
40
55

Table 7.3
Change in the number of jobs taken by robots
Computing Changes in H(t)
We now use the information in Table 7.2 to compute DH(t). The third column of Table 7.4 represents
the increase in the number of jobs taken by humans. For example, the number located on the third
row and the third column in Table 7.4 is calculated as follows:
DH(2) = H(2) – H(1) = 60 – 40 = 20

[6]

Similarly, the number located on the fourth row and the fourth column of Table 7.4 is obtained as
follows:
DH(3) = H(3) – H(2) = 75 – 60 = 15,

[7]

and so on.
t
(Year )
1
2
3
4
5
6
7

H(t)

(Jobs taken by humans, millions)
40
60
75
85
90
95
98

H(t) = H(t + 1) – H(t)
(millions of jobs)

20
15
10
5
5
3

Table 7.4
Change in the number of jobs taken by humans
s Detecting Technological Unemployment

To identify the onset of technological unemployment we construct Table 7.5. This table is derived
from Tables 7.3 and 7.4. Technological unemployment exists if and only if DR(t) > DH(t). Inspection
of Table 7.5 shows that the onset of technological unemployment happens at year t* = 3. In our
hypothetical example, the economy experiences technological unemployment for t ³ 4 because
DR(t) > DH(t)

for t ³ 4

[8]
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DR(t)
(millions of jobs)
9
10
25
35
40
55

t
(year )
1
2
t* = 3
4
5
6
7

DH(t)

(millions of jobs)

20
15
10
5
5
3

Technological
Unemployment
No
Onset
Yes
Yes
Yes
Yes

Table 7.5
Identification of technological unemployment
s Superimposing Diagrams

Look at Diagram 7.3. This diagram results from superimposing Diagrams 7.1 and 7.2. Diagram 7.3
provides a visual description of the concept of technological unemployment. The segment in BC
represents the value of DR when we move from year 3 to year 4. The increase in the number of jobs
taken by robots is 25 million jobs (DR = 25). The segment EF represents the increase in the number
of jobs taken by humans (DH = 10). A glance at Diagram 7.3 shows that the increase in the number of
jobs taken by robots is greater than the increase in the number of jobs taken by humans, that is,
DR = 25 > 10 = DH,

[9]

and technological unemployment occurs in year 4.
3. Demarcating the Notion of a Robot Economy
What is a ‘robot economy’? A century ago, Henry Moore (a pioneer in quantitative economics) was
concerned about the need for greater care in the use of terms in the scientific discourse and spoke
out against the linguistic muddle prevailing around the word ‘competition.’ It is interesting to note
that he started his article as follows:
Economic terms seem to pass in their historical development through a series of
stages which, without pretension of rigidness, may be described as follows: first,
no definition is given, but it is assumed that everyone has a sufficiently clear idea
of the subject to make a formal definition unnecessary; second, a definition is
attempted and a number of exceptional forms are noted; third, with the further
increase of data, the relative importance of the various forms changes, confusion in
the discussion is introduced, logomachy takes the place of constructive investigation;
fourth, a complete classification of the forms embraced under the original term is
made, and problems are investigated with reference to this classes. (. . .)
(Moore, 1906, p. 211)
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Diagram 7.3
Visualizing the definition of technological unemployment
Generally speaking, the term ‘robot economy’ appears to be in a transitional phase from the first
stage to the second stage.
No Generally Agreed Definition
Although the notion of robot economy is latent in Brynjolfsson and McAfee (2014) and Ford (2015),
a definition of this term cannot be found in their ground-breaking books. It is not known who coined
the term “robot economy” and there is no generally agreed definition of this term. Some analysts
write about the robot economy but they do not explicitly define this special kind of economy –
probably because they assume that everyone has a clear idea of the concept. A case in point is Von
Drehle’s (2013) otherwise stimulating article “Winner and Losers in the New Robot Economy.”
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Whatls.com Definition
Whatls.com offers an exceedingly simple definition of a robot economy which does not presuppose
the existence of technological unemployment:
The robot economy is a scenario in which most of the labour required to sustain
human life is automated. Although the term robot economy brings to mind an
environment full of humanoid robots (androids) bustling about performing tasks,
in this context the word robot refers to both physical systems and AI-enhanced
software systems, and it is the latter that are expected to replace the bulk of
human work.
Website visited on 20 December 2018. [Italics in original]
Is the Whatls.com definition stating that in a robot economy R(t) > H(t)? Probably, but we cannot say
because this definition is overly general and insufficiently precise. Generality is not an end in itself. A
definition may be so general as to be useless to bring relevant factors into sharp focus.
We believe that an explicit definition of the term robot economy may be useful to gain further
understanding of the robot economy narrative. This is why we propose a new definition of robot
economy. But it goes without saying that we are not declaring what the robot economy “is.”
Increasing technological unemployment signals that human labour becomes more and more
superfluous over time, and, thereby, the creative economy would be morphing into a bizarre kind of
economy where human labour ceases to be the most important factor of production.
Proffered Definition of Robot Economy
An economy is said to be a robot economy if it satisfies the following two conditions:
Condition 1:

There exists technological unemployment; and

Condition 2:

There exists a year T* beyond which the number of jobs taken by robots is greater
than the number of jobs taken by humans.

In symbols, a robot economy satisfies two conditions:
DR(t) > DH(t)

[10]

and

R(t) > H(t)

for t > T*

[11]

The onset of the Robot Economy occurs at year T* where there is technological unemployment and
the number of jobs taken by robots is equal to the number of jobs taken by humans, that is,
R(T*) = H(T*)

[12]
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Hypothetical Example (Cont.)
To illustrate the definition of a robot economy, we take advantage of the hypothetical example
previously developed in this chapter. To identify the onset of the robot economy in our hypothetical
economy we use the information provided by Table 7.6. Inspection of Table 7.6 shows that when t =
5 there is technological unemployment and the number of jobs taken by robots and humans are
equal to each other (90 million of jobs). Consequently, the onset of the robot economy occurs when
T* = 5.
t
(year)
1
2
3
4
T*= 5
6
7

R(t)
(millions of jobs)
11
20
30
55
90
130
185

H(t)

(millions of jobs)

40
60
75
85
90
95
98

Technological
Unemployment
No
Onset
Yes
Yes
Yes
Yes

Robot Economy
No
No
No
Onset
Yes
Yes

Table 7.6
Numerical identification of a Robot Economy
The geometrical meaning of Conditions 1 and 2 in the proffered definition of robot economy can be
seen in Diagram 7.4: Condition 1 is satisfied for t > t* (technological unemployment exists); and
Condition 2 is valid for T > T* (the number of jobs taken by robots exceeds the number of jobs taken
by humans). In the past, labour-saving technological progress stimulated more employment in total
than it destroyed, that is, the economy has been operating somewhere in the time interval 0 < t <
T*. The message conveyed by Diagram 7.4 is simple, yet fundamental: what was true in the past may
not be true in the future. It is not inconceivable that the discrepancy R(t) – H(t) may grow
increasingly rapidly in the future.
4. Is the Robot Economy Near?
As we mentioned in the introduction to the present chapter, Arthur (2011) argued that the
introduction of the Internet in 1995 marks a bifurcation of the real economy into two
interconnected economies: the physical economy (think of human workers and other tangible
resources such as, for example, land and factories) and the virtual economy (technologies useful for
the physical economy, e.g. digital labour). Arthur (2017) refines his vision with a deep insight. While
the physical economy houses internal intelligence stored in the human workers, the virtual economy
contains huge libraries of intelligent functions, i.e. digital algorithms performing intelligent tasks
previously carried out by humans. This sort of ‘external intelligence’ is increasingly important in the
world of business and is gradually rendering human activities obsolete.63

63

Wassily Leontief (1906-1999) –Nobel Prize in Economics awarded in 1973– also emphasized that automation
diminishes the role of human labour, skilled or unskilled: “one might say that the process by which progressive
introduction of new computerized, automated, and robotized equipment can be expected to reduce the role
of labour is similar to the process by which the introduction of tractors and other machinery first reduced and
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Diagram 7.4
A Robot Economy at a glance
Brian W. Arthur describes the interactions between the physical economy and the virtual economy
as follows:
The interesting thing here isn’t the form intelligence takes. It’s that intelligence is
no longer housed internally in the brains of human workers but has moved outward
into the virtual economy, into the conversation among intelligent algorithms. It has become
external. The physical economy demands or queries; the virtual economy
checks and converses and computes externally and then reports back to the physical
economy –which then responds appropriately. The virtual economy is not just an
then completely eliminated horses and other draft animals in agriculture. The competitive price mechanism
played a decisive role in this process.” (Leontief 1983, p. 405).
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Internet of Things, it is a source of intelligent action –intelligence external to human
workers.
(Arthur 2017, p. 6)
In simple practical terms, what Arthur is saying is that technology digitalizes tasks performed by
humans (think of bank tellers, office receptionists, book keepers, and data collectors) and bit by bit
renders those human tasks obsolete. Humans observe and record the way other humans complete
their assigned tasks, and then create technology able to do the same tasks. It is as if technology were
a gigantic human capital suctioning machine transforming internal intelligence (human capital) into
external intelligence (libraries of intelligent functions).
Arthur (2017) reiterates that we have entered a new era where the problem is distribution of
wealth, not production, and states that “we have reached a point in which technological
unemployment is becoming a reality.” Is the robot economy near? We do not have an answer to this
question. We honestly do not know. It appears that we still have a long way to go. However, nothing
can prevent us from developing a speculative narrative assuming that a robot economy will be itself
an evolving entity.
If new waves of robot-based enabling products arrive faster and faster, and they are quickly
deployed, the economy may not have sufficient time to adapt by creating human jobs in new sectors
or in sectors not disrupted by automation. It is likely that companies would be unwilling to pay
wages that workers will accept. Thus, voluntary unemployment may happen. Extremely low wages
that do not allow workers to maintain a decent standard of living would cause massive voluntary
unemployment:
This is bad news for the economy, since unemployed people don’t create much
demand for goods and overall growth slows down. Weak demand can lead to
further deterioration in wages and unemployment as well as less investment in
human capital and in equipment, and a vicious circle can take hold.
(Brynjolfsson and McAfee 2014, p. 232).
5. The Robot Economy Paradox
Increasing Returns
Worldly wisdom teaches that success breeds success. This adage is a particular case of the important
concept of increasing returns. The notion of increasing returns is defined as the tendency for that
which is ahead to get further ahead (Arthur 1996, p. 100). For example, analysts say that there are
increasing returns in the production of innovations when a firm produces more innovations the
more likely it is to continue to innovate. This may occur if there is positive feedback between the
accumulation of knowledge and the production of innovations by a firm.
Another example where “strength begets strength” is Artificial Intelligence (AI). The chairman and
chief executive of Sinovation Ventures and president of its Artificial Intelligence Institute Kai-Fu Lee
pointed out:
AI is an industry in which strength begets strength: the more data you have,
the better your product; the better your product, the more data you can collect;
the more data you can collect, the more talent you can attract; the more talent
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you can attract, the better your product. It’s a virtuous circle, and the United
States and China have already amassed the talent, market share and data to set
it in motion.
(Lee 2017)
Increasing returns happen in processes that can feed on themselves. “Technologies typically improve
as more people adopt them and firms gain experience that guides further development. This link is a
positive feedback loop: the more people adopt a technology, the more improves and the more
attractive it is for further adoption.” (Arthur 1994, p. 10)
The Paradox, Stated
The existence of increasing returns to automation implies a relentless progression toward ever
more automation and suggests that the robot economy itself could converge to an extreme and
supreme case of an economy with mass obsolescence of the human workforce.
The economy of the distant future appears to pose a paradox that we call the robot economy
paradox. This paradox can be stated as follows: increasing returns to automation would allow us to
attain unprecedented levels of cost reductions and efficiencies, but would leave us earning too little
to purchase the products our robots can make. In other words, a robot economy would converge to
a situation of ubiquitous automation and insufficient aggregate demand.64
Norbert Wiener: A Forerunner of the Paradox
The robot economy paradox paints a dystopian future much like the one Norbert Wiener had
imagined in 1949.65 At the request of the New York Times, he wrote an essay entitled “The Machine
Age” which was never published due to a miscommunication. This essay languished for six decades
in the M.I.T. archives and was discovered in December 2012 by an independent scholar, Anders
Fernstedt.
Excerpts from the essay “The Machine Age” can be found in the May 2013 article published by the
New York Times science reporter John Markoff. In the article “In 1949, He Imagined an Age of
Robots” Markoff explains the reasons for the miscommunication and makes the following point:
“Almost 64 years after Wiener wrote it, his essay is still remarkably topical, raising questions about
the impact of smart machines on society and of automation on human labour.” Markoff (2013)
Norbert Wiener argued that “if we can do anything in a clear and intelligible way, we can do it by
machine” and added that “These new machines have a great capacity for upsetting the present basis
of an industry, and of reducing the economic value of the routine factory employee to a point at
which he is not worth hiring at any price.” Wiener warned that this bizarre situation could ultimately
lead to “an industrial revolution of unmitigated cruelty.”66

64

This paradox is latent in the ground breaking book by (Brynjolfsson and McAfee 2014, esp. pp. 231-232) and
it is virtually explicit in Ford (2015, Ch. 8).
65
Norbert Wiener (1894-1964) was a child prodigy who entered university when he was 11 and completed his
PhD when he was just 17.
66
The quotations are from the excerpts published in Markoff (2013).
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Note 2

ß Apocryphal anecdote

There is an apocryphal anecdote that superficially invokes the robot economy paradox. Henry Ford II
(a forceful executive) and Walter Reuther (USA leader of the United Auto Workers union) took a tour
around a newly built and highly-automated factory inhabited by sophisticated robots. Suddenly,
Henry Ford sarcastically asks: “Hey Walter, how will you get robots to pay union dues? Then Walter
replies with another question: “Hey Henry, how will you get robots to buy cars?”
Resolving the Paradox
Imagine that our self-induced redundancy has created a strange new world in which machines run
themselves and would leave us earning too little to purchase the products our robots can make.
How do we deal with this situation? The straight truth is that the robot economy paradox remains
unresolved. Human work is the main mechanism through which spending power is allocated in the
profit-oriented, market guided economy. In a jobless economy this mechanism ceases to exist.
Governments will need to find ways to redistribute income from the people who own the robots to
displaced workers to ensure inclusive growth, that is, to ensure that the benefits of automationdriven growth are shared widely. There are at least three tentative solutions to the robot economy
paradox.
s Tentative Solution # 1: Introduce a Universal Basic Income

The first idea that comes to our minds is the introduction of a Universal Basic Income (UBI). The UBI
assures that everyone has a decent standard of living. If people want to improve on it, they certainly
can. But even if they do not they will still receive money and experience a minimum standard of
living.
The idea of a basic income is not convincing. To see why, we just have to look at the following
statement due to the Enlightenment sage Voltaire: “Work saves a man from the three great evils:
boredom, vice, and need.” (Voltaire 1991, p. 86). A guaranteed basic income takes care of need, but
not the other two evils. People want to escape the evils of boredom and vice as well.
Work is beneficial. Joblessness harms feelings of well-being and other measures of mental health.
People want a job, not a welfare cheque. The ultimate reason for the rejection of an UBI may well be
based on the insight of Harvard Professor Michael Sandel: “Work is about more than making a living:
it is also a source of meaning.”
Note 3

ß Brynjolfsson and McAfee

A UBI is not the first choice for Brynjolfsson and McAfee because “It seems that all around the world,
people want to escape the evils of boredom, vice, and need and instead find mastery, autonomy,
and purpose by working.” (Brynjolfsson and McAfee 2014, p. 234)
Note 4

ß Martin Ford

Martin Ford believes that some form of guaranteed income is probably the best solution to the
robot economy paradox. See Chapter 10 of the Rise of the Robots.
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s Tentative Solution # 2: Tax Robots

Investing in robots engenders a negative technological externality (the collateral effect is human
replacement). Investing in robots is like investing in a coal-fired generator: the investment boosts
output but imposes a social cost.
The idea of a tax on robots was raised in a draft report to the European Commission, prepared by
Mady Delvaux from the Committee on Legal Affairs. The public reaction to Delvaux’s proposal has
been quite negative, with the notable exceptions of Bill Gates and Robert Schiller, who endorsed it.
In an interview with Quartz (an online magazine) Bill Gates suggested that to forestall a social crisis,
governments should consider a tax on robots. Specifically, companies would be forced to pay when
they replace a worker with a robot. If automation slows as a result of the tax, so much better. The
money raised by the tax on robots could be used to finance an expansion of health care and
education which provide lots of hard-to-automate jobs in caring for the old and sick or in teaching.
Professor Robert J. Shiller, 2013 Nobel laureate in economics, has expressed:
Critics of a robot tax have emphasized that the ambiguity of the term “robot”
makes defining the tax base difficult. The critics also stress the new robotics’
enormous, undeniable benefits to productivity growth. But let’s not rule out so
quickly at least modest robot taxes during the transition to a different world of
work. Such a tax should be part of a broader plan to manage the consequences
of the robot revolution.
(Shiller 2017)
Robert Shiller believes that it is better to tax robots rather than just high-income people, and
concludes:
A moderate tax on robots, even a temporary tax that merely slows the adoption
of disruptive technology, seems a natural component of a policy to address rising
inequality. Revenue could be targeted toward wage insurance to help people
replaced by new technology make the transition to a different career. This would
accord with our natural sense of justice, and thus be likely to endure.
(Shiller 2017)
s Tentative Solution # 3: Replace Mindset

A third solution to the robot economy paradox would be to request entrepreneurs, engineers, and
economists to design complements, not substitutes, for labour, and replace labour-saving mindset
with a labour-augmenting mindset. Labour-augmenting innovations must be substantially less
expensive than labour-saving innovations to offset the labour costs associated with the former or
provide significant efficiency-enhancing results to generate additional revenue to offset labour costs.
Needless to say, human workers run into many potential issues reinforcing the bias toward
automation. The more human workers you have, the more managers and human resources staff you
need. Moreover, human workers get sick, take vacations, require offices, need parking spaces, quit
unexpectedly, etc.
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6. Schumpeter’s Famous Prophecy
It is unclear how the robot economy paradox can be resolved. Neither technological progress nor the
profit motive can be redirected to the production of labour-augmenting innovations unless we
abandon the very notion of a creative economy – which is, by definition, a profit-oriented and
market-guided economy. Where does the robot economy paradox leave us? Surprisingly, the
paradox takes us back to Schumpeter’s famous prophesy.
Capitalism, Socialism, and Democracy is a book published in 1942 where Schumpeter wrote about
the future of capitalism. He entitled Part II of this book with a confronting question: Can Capitalism
Survive? In the first paragraph of the Prologue to Part II, we find a completely unexpected answer:
Can capitalism survive? No. I do not think it can. But this opinion of mine, like
that of every other economist who has pronounced upon the subject, is in itself
completely uninteresting. What counts in any attempt of social prognosis is not
Yes or No that sums up the facts and arguments that lead up to it but those facts
and arguments themselves. They contain all that is scientific in the final result.
Everything else is not science but prophecy. Analysis, whether economic or other,
never yields more than a statement about the tendencies present in an observable
pattern. And these never tell us what will happen to the pattern but only what
would happen if they continued to act as they have been acting in the time interval
covered by our observation and if no other factors intruded. “Inevitability” or
“necessity” can never mean more than this.
(Schumpeter 2010, p. 53) [Italics in original]
His conclusion was that capitalism would be replaced by socialism. It should be emphasized,
however, that according to Schumpeter capitalism was doomed but not for the reasons that Karl
Marx set forth.
Schumpeter viewed Marxism as a religion. In the chapter Marx the Prophet, he wrote: “The religious
quality of Marxism also explains a characteristic attitude of the orthodox Marxist toward opponents.
To him, as to any believer in a Faith, the opponent is not merely in error but in sin. Dissent is
disapproved not only intellectually but also morally. There cannot be any excuse for it once the
Message has been revealed.” (Schumpeter 2010, p. 5, fn. 1).
Schumpeter emphasized that Marx was right in relation to the conclusion that capitalism would
break down eventually but he was wrong in his explanation of the manner in which the capitalist
society would break down.67 It should be noticed that unemployment does not play any role in the
Schumpeterian argument that capitalism is doomed:
I hold that the real tragedy is not unemployment per se, but unemployment plus
the impossibility of providing adequately for the unemployed without impairing
conditions of further economic development: for obviously the suffering and
degradation –the destruction of human values– which we associate with
unemployment, though not the waste of productive resources, would be largely
67

For Marx the reason for the collapse of capitalism is the conflict of interest between the bourgeoisie and the
proletariat.
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eliminated and unemployment would lose practically all its terror if the private life
of the unemployed were not seriously affected by their unemployment.
(Schumpeter 2010, p. 61) [Italics in original]
According to Schumpeter, capitalism may be an economic success, but it is not a sociological
success. He argued that capitalism would wither away because of disenchantment among the
elites.68
Schumpeter develops what he calls a “theory of the atmosphere of hostility to capitalism.” This
includes a mutually beneficial interaction between the bourgeoisie and the intellectuals. The
intellectual group is defined as “people who wield the power of the spoken and the written word,
and one of the touches that distinguish them from other people who do the same is the absence of
responsibility for practical affairs.” (Schumpeter 2010, p. 131). Intellectuals display a critical attitude
toward the capitalist system. Speakers and writers stress the inadequacies of capitalist achievement,
they express aversion to capitalists and sympathy with anti-capitalist interests.
The bourgeois defends the intellectuals as a group because they feel that they are defending
themselves:
From this follows both the unwillingness and the inability of the capitalist order to
control its intellectual sector effectively. The unwillingness in question is unwillingness
to use methods consistently that are uncongenial to the mentality shaped by the
capitalist process; the inability is the inability to do so within the frame of institutions
shaped by the capitalist process and without submitting to non-bourgeois rule. Thus,
on the one hand, freedom of public discussion involving freedom to nibble at the
foundations of capitalist society is inevitable in the long run. On the other hand, the
intellectual group cannot help nibbling, because it lives on criticism and its whole
position depends on criticism that stings; and criticism of persons and current events
will, in a situation in which nothing is sacrosanct, fatally issue in criticism of classes
and institutions.
(Schumpeter 2010, p. 135)
The active hostility of the intellectual group amounts to moral disapproval of the capitalist order.
The bourgeois class loses faith in itself. This negative psychology combines with a movement into
pervasive bureaucratization. In the end, it is this capitalist mentality that brings down the system. In
Schumpeter’s own words, “there is inherent in the capitalist system a tendency toward selfdestruction which, in its earlier stages, may well assert itself in the form of a tendency toward
retardation of progress.” (Schumpeter 2010, p. 144). In the process of self-destruction, capitalism
creates the conditions for socialism.
In brief, capitalism creates a critical frame of mind which turns against capitalism itself and attacks
the usefulness of the private property of the means of production. Faced with the increasing hostility
of the social atmosphere, the bourgeois class loses faith in itself, capitalists and entrepreneurs cease

68

For Schumpeter the driving force of humankind is not classes (e.g. the proletariat, as Marxists argue) but
elites –minorities of individuals with unusual gifts. It is not classes, but elites, that govern the evolution of
society.
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to function. It is a loss of belief that will kill capitalism. Is this economics? Quite obviously,
Schumpeter’s prophesy is not based on economics. It is essentially a sociological analysis.
The answer to the question can capitalism survive is disquieting. Capitalism will give way to socialism
for Schumpeter’s reasons, not for Marx’s. But Schumpeter did not stop there. Part III of Capitalism,
Socialism, and Democracy is also entitled with a question: Can Socialism Work? Now the answer
comes with a second shock: “Of course it can.” (Schumpeter 2010, p. 149). We will not pursue this
matter here because it would take us to far afield.

Chapter Summary
n A bifurcation of the real economy happened in 1995 with the
introduction of the Internet. The physical economy houses internal
intelligence (or human capital); the virtual economy houses external
intelligence (or huge libraries of intelligent functions). See Diagram 7.5.

Diagram 7.5
Bifurcation of the real economy
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n Internal intelligence is intelligence stored in the human workers.
n External intelligence consists of intelligent functions previously
performed by humans.
In broad terms, the dynamic process leading to the Robot Economy Paradox
can be easily outlined.
n Technological progress and the profit motive combine to increase the
rate of creation of new robot-based enabling products.
n This, in turn, engenders a tendency where the pace of discovery of
means of economising the use of human labour outruns the pace at
which the economy finds new uses for labour (technological
unemployment).
n If the tendency persists, the number of jobs taken by robots will exceed
the number of jobs taken by humans and the creative economy becomes
a Robot Economy.
These points can be assembled in one picture (see Diagram 7.6)

Diagram 7.6
Convergence to a Robot Economy
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n If increasing returns to automation prevail everywhere, a robot economy
is bound to confront a paradox. In fact, if robots substitute for workers
entirely, then no one has an income from any type of labour (see
Diagram 7.7).

Diagram 7.7
Robot Economy: Victim of its own success

n If the Robot Economy reaches the paradox point, capitalism would not
survive.
n Schumpeter reached the same conclusion arguing that it is the sociology
of capitalism that would destroy the system and not because of the
economic success of capitalism.
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APPENDIX J: TECHNOLOGICAL PROGRESS IN THE 21ST CENTURY
Technological progress is a major factor affecting the number of human jobs and the level of wages.
In its current form, technological progress displays three mutually reinforcing attributes. It is digital,
exponential, and combinatorial. The purpose of this appendix is to get a sense of these attributes.
Technological Progress: Digital
“Information and media” is a catch-all expression encompassing documents, music, photos, videos,
data from instruments and sensors, maps, social networks, and so on. Digitization consists of
translating information and media into ones and zeroes.69 In other words, the phenomenon of
digitization consists of encoding information and media as streams of bits. This means that
digitization makes huge amounts of data readily available.
The digital language allows machine-to-machine (M2M) communication without any human
involvement. For example, ATMs ask their banks how much money we have in our accounts before
letting us withdraw the cash. Digitization facilitates research because it makes huge amounts of data
readily available and this, in turn, accelerates the discovery of how things work.
s Digitized Economy

Digitization gives rise to the digitized economy characterized by the existence of computer networks.
In general, a network is a collection of linkages between nodes. We all know that there are railroad
networks, airline networks, networks of ATM machines, telephone networks, computer networks,
networks of e-mail users, and the Internet. These networks tend to generate ‘network economies.’
When the benefits of connecting to a network are an increasing function of the number of other
people connected to it, economists say that there are network economies. Alternatively, the bigger a
network gets, the more attractive it becomes. The intuition behind the concept of network
economies is this: when I join the network you also benefit because the network becomes bigger.70
As an illustration, consider the case of eBay, a company that uses the Internet for a trading system in
which buyers and sellers can establish a genuine market price. The bigger eBay gets, the more
attractive it becomes for buyers and sellers because it can put them in touch with more and more
buyers and sellers. The benefits of connecting to eBay increase with the number of people who sign
in. eBay displays network economies.
s Numerical Example

A simple numerical example is useful to understand the benefits implied by the increase in the
number of users of a network. Let 𝑛 denote the number of users of a network. If there is only one
user (𝑛 = 1) the network is useless. Two users (𝑛 = 2) make possible 2 one-way connections. Three
69

As a reminder, electronic computers use the simplest possible digital arrangements to encode information;
everything is broken down into a string of ones and zeroes (‘binary digits’ or ‘bits’).
70
The term ‘network economies’ is sometimes referred to as ‘network externalities’ or ‘demand-side
economies of scale.’
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users (𝑛 = 3) allow 6 one-way connections. Four users (𝑛 = 4) make possible 12 one-way
connections. And so on.
s Metcalfe’s Law

How can we calculate the benefit of the network for all users? The total benefit of the network,
denoted by B, can be easily established using the so called Metcalfe’s law. Under the assumption
that the individual benefit of the network is proportional to the number of users this law asserts:
𝐵 = 𝑛+ − 𝑛

[13]

The behaviour of the variable B is illustrated in Table 7.7. The important thing to note is that the
total benefit of the network rises not proportionally with the number of users (nodes) but more than
proportionately.71

Number of users
(𝑛)

Total Benefit of the Network
(𝐵)

1
2
3
4
5
…
100

0
2
6
12
20
…
9.900
Table 7.7
The benefit of the network for all users

Technological Progress: Exponential
Technological progress is said to be exponential because computer power increases exponentially
over time.
s Moore’s Law

The behaviour of computer power is described by the famous “Moore’s law.” Gordon Moore –a
cofounder of Intel– made a famous prediction in a 1965 article entitled “Cramming More
Components onto Integrated Circuits” published in the Electronics magazine. Moore observed the
amount of integrated circuit computer power had doubled each year and predicted that the
tendency would continue, perhaps with some changing to timing.

71

Alternatively, we can put this in the language of elasticity. What Metcalfe’s Law says is that the elasticity of B
with respect to 𝑛 is greater than one. This can be verified using the elasticity formula.
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The period of time required for computer power to double remains a matter of dispute. Today it is
common to use 18 months as the doubling period for general computing power. We can express this
empirical regularity in mathematical terms. If computer power is denoted by 𝒚(𝒕) at the end of
period t, Moore’s Law is described by the formula
𝒚(𝒕) = 𝟐𝒕 ,

[14]

𝒕 = 𝟎, 𝟏, 𝟐, 𝟑, …

Table 7.8 shows how the mechanism of “constant doubling” works. For example, when we are at
period t = 4, computer power is 16 and at the end of the following period will be 32 (= 16 × 2); if we
are at t = 5, computer power in the following period is 64 (32 × 2); and so on. This table gives an
incomplete hint about the speed of evolution of the variable 𝑦, but it does not do justice to the
phenomenal increase of 𝑦 over time (because the table stops at t = 8). At the end of this appendix,
we resort to the standard workhorse to illustrate the notion of constant doubling, namely: the story
of the origin of the game of chess.

Doubling period
t
0
1
2
3
4
5
6
7
8

Computer power at the end of period t
y(t)
𝑦(0)
𝑦(1)
𝑦(2)
𝑦(3)
𝑦(4)
𝑦(5)
𝑦(6)
𝑦(7)
𝑦(8)

=
=
=
=
=
=
=
=
=

20
21
22
23
24
25
26
27
28

=
=
=
=
=
=
=
=
=

1
1 × 2 = 2
2 × 2 = 4
4 × 2 = 8
8 × 2 = 16
16 × 2 = 32
32 × 2 = 64
64 × 2 = 128
128 × 2 = 256

Table 7.8
Computer power according to Moore’s Law (each period consists of 18 months)
Note 5

ß Exponential growth

Formula [14] is a particular case of what mathematicians call “exponential function.” In the language
of mathematics, the general expression of the exponential function is
𝑦(𝑡) = 𝑎>

[𝟏𝟓]

where 𝑎 is the fixed based of the function and the variable t is a real number. If the behaviour of the
variable 𝑦 is described by the function [15], it is said that 𝑦(𝑡) displays exponential growth. In the
case of Moore’s Law, 𝑎 = 2.
Technological Progress: Combinatorial
Technological progress is said to be combinatorial because the possibilities for innovation are
combinatorial. There are reasons to believe that the production of innovations consists of
recombining elements (ideas) that already exist to create new ideas. For example, the innovation
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‘body pump’ results from combining the idea of ‘music’ with the idea of ‘weights.’ This is exactly
Principle 1 (Recombinant Innovation) of the Basic Model of a creative economy introduced before.72
Combinatorial possibilities explode very quickly and there is soon virtually an infinite number of
possible recombinations of existing ideas into new ideas: “We consistently fail to grasp how many
ideas remain to be discovered … Possibilities do not merely add up; they multiply.” (Romer 2008).
Note 6

ß Factorial of a number

How do we calculate the number of ways of ordering 𝑛 elements? Mathematicians carry out the
required calculation simply by multiplying numbers following a precise rule. For a natural number n,
they define a new number
𝑛! = 𝑛 × (𝑛 − 1) × (𝑛 − 2) × (𝑛 − 3) × (𝑛 − 4) × … × 3 × 2 × 1
The new number 𝑛! (read: 𝑛 factorial) is the product of the first 𝑛 integers.
For example,
2! = 2 × (2 − 1) = 2 , and 3! = 3 × (3 − 1) = 3 × 2 = 6
What is the number of ways of ordering four elements? Answer: compute 4! , that is,
4! = 𝑛 × (𝑛 − 1) × (𝑛 − 2) × (𝑛 − 3) = 4 × 3 × 2 × 1 = 24
Similarly,
5! = 𝑛 × (𝑛 − 1) × (𝑛 − 2) × (𝑛 − 3) × (𝑛 − 4) = 5 × 4 × 3 × 2 × 1 = 120
6! = 𝑛 × (𝑛 − 1) × (𝑛 − 2) × (𝑛 − 3) × (𝑛 − 4)(𝑛 − 5) = 6 × 5 × 4 × 3 × 2 × 1 = 720
The value of 𝑛! gives exactly the number of ways of ordering 𝑛 elements.
Note 7

ß Combinatorial growth

The variable 𝒛 is said to exhibit combinatorial growth if
𝒛(𝒕) = 𝑎 × 𝑡!

(𝑡 = 1, 2, 3, … )

where 𝑎 is a constant and t is an integer number. As indicated by Table 7.9, combinatorial growth
explodes very quickly.

72

See Chapter 2, Section 6.
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Value of z at the end of period t

𝑷𝒆𝒓𝒊𝒐𝒅
𝒕
1
2
3
4
5
6
7
8

𝒛(𝒕)

𝑍(1) = 2 × 1!
𝑧(2) = 2 × 2!
𝑧(3) = 2 × 3!
𝑧(4) = 2 × 4!
𝑧(5) = 2 × 5!
𝑧(6) = 2 × 6!
𝑧(7) = 2 × 7!
𝑧(8) = 2 × 8!

=
=
=
=
=
=
=

2
2
2
2
2
2
2

= 2
× 2
= 4
× 6
= 12
× 24
= 48
× 120
= 240
× 720
= 1.440
× 5,040 = 10.080
× 40,320 = 80.640

Table 7.9
Combinatorial growth
Digression: Exponential Growth and Chess
We revert to the concept of exponential growth. The story of the Emperor and the Inventor of chess
neatly illustrates the power of exponential growth. It is generally agreed that the game of chess
originated in India during the 6th century GE, the time of the Gupta Empire. The Inventor presented
the game to the Emperor who was impressed by the difficult, beautiful game. The Emperor invited
the inventor to name his reward. A dialogue between them happened along the following lines.
Inventor:

All I desire is some rice to feed my family.

Emperor:

Name the quantity of rice you want.

Inventor:

Place a single grain of rice on the first square of the chessboard, two on the second,
four on the third, eight for the fourth, and so on, so that each square receives twice
as many grains as the previous.

Emperor:

Make it so!

Suppose that the variable 𝑦 represents the number of grains of rice. It is easy to see that if the
Emperor wants to satisfy the Inventor‘s request he has to afford the following sequence:
One grain of rice on the first square (𝑦 = 1)
Two grains of rice on the second square (𝑦 = 2)
Four grains of rice on the third square (𝑦 = 4)
Eight grains of rice on the fourth square (𝑦 = 8)
Sixteen grains of rice on the fifth square (𝑦 = 16)
Thirty two grains of rice for the sixth square (𝑦 = 32)
The sequence has 64 terms because a chessboard has 64 squares and can be described by the
formula
𝑦 = 2MNO (𝑛 = 1, 2, 3, … , 64)

[16]
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To organize our thinking, we consider the first and second half of the chessboard separately.
s First-half of the chessboard

After 32 squares (end of the first-half of the chessboard), the Emperor has given the Inventor about
four (4) billion grains of rice. This is about the produce of one large field.
s Second-half of the chessboard

In the second-half of the chessboard things start going increasingly out of hand. The doubling of
grains of rice for each square ultimately equals something like 18 quintillion grains of rice:
2PQNO = 2PR ≅ 18 𝑞𝑢𝑖𝑛𝑡𝑖𝑙𝑙𝑖𝑜𝑛 𝑔𝑟𝑎𝑖𝑛𝑠

[17]

Sixty-three (63) instances of doubling yields a huge number (even when starting with a single grain
of rice). If the request of the Inventor were fully honoured, he would receive more than 18
quintillion grains of rice. This number is so big that it is inconceivable in the sense that leaves our
intuition and experience behind.
Note 9

ß Naming the large numbers

We are all familiar with ‘millions’ and ‘billions’. The corresponding mathematical expressions are
10P = 1.000.000 ← 𝑚𝑖𝑙𝑙𝑖𝑜𝑛
10^ = 1.000.000.000 ← 𝑏𝑖𝑙𝑙𝑖𝑜𝑛
Our intuition fails to capture the magnitude of larger numbers but the mathematical expression is
fairly easy. Going on, we still find a familiar number
10O+ = 1.000.000.000.000 ← 𝑡𝑟𝑖𝑙𝑙𝑖𝑜𝑛
Note that the exponent of the number 10 indicates the number of zeros following the number 1.
More names of numbers that are intuitively inconceivable are
10O` = 1.000.000.000.000.000 ← 𝑞𝑢𝑎𝑑𝑟𝑖𝑙𝑙𝑖𝑜𝑛
10Ob = 1.000.000.000.000.000 ← 𝑞𝑢𝑖𝑛𝑡𝑖𝑙𝑙𝑖𝑜𝑛
10+O = 1.000.000.000.000.000.000.000 ← 𝑠𝑒𝑥𝑡𝑖𝑙𝑙𝑖𝑜𝑛
10+Q = 1.000.000.000.000.000.000.000.00 ← 𝑠𝑒𝑝𝑡𝑖𝑙𝑙𝑖𝑜𝑛
10PQ = 1 𝑓𝑜𝑙𝑙𝑜𝑤𝑒𝑑 𝑏𝑦 64 𝑧𝑒𝑟𝑜𝑒𝑠

← 𝑣𝑖𝑔𝑖𝑛𝑡𝑖𝑙𝑙𝑖𝑜𝑛

One thing is clear: our brains are not well equipped to conceive big numbers.
Wrapping Up
How does the story of the Emperor and the Inventor end? There are two versions. One has the
Emperor going bankrupt. The other version has the Inventor losing his head.
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What is the use of all this? The story of the Emperor and the Inventor provides insight into the future
of technological progress. Where are we now? This is exactly the question asked and answered by
Ray Kurzweil (writing in 1999):
So where do we stand now? There has been about thirty two doublings of speed
and capacity since the first operating computers in the 1940s. Where we stand
right now is that we have finished the first half of the chessboard. And, indeed,
people are starting to take notice.
Now, as we head into the next century, we are heading into the second half of
the chessboard. And this is where things start to get interesting.
(Kurzweil 1999, p. 37)
Finally, it is important to reiterate that combinatorial growth explodes very quickly. It is true that
exponential growth for a variable 𝑦 (e.g. constant doubling) gives rise to phenomenal increases. But
it is true, also, that combinatorial growth for a variable 𝑧 is by far faster than exponential growth. For
example, the number corresponding to the 15th square of the chessboard is 16.384 but 15! Is the
astronomical number 2.6525 × 10R+ .
APPENDIX K: THE TECHNOLOGICAL SINGULARITY AND THE PARADOX
It is quite common nowadays to hear about “the Singularity.” Assume that a black hole has a
boundary. What happens when you cross the boundary of a black hole? Within the black hole’s
boundary the normal laws of physics break down. This is the meaning of the term “singularity” in
astrophysics. By analogy, a “technological singularity” breaks down the rules of society due to the
creation of a fully conscious machine. The advent of superhuman intelligence provokes a drastic
discontinuity in the history of humankind.
Mathematicians and computer scientists have looked into the future and predicted that technology
is moving toward a “technological singularity” associated with infinite intelligence in finite time. The
singularity was adumbrated by visionary mathematician Norbert Wiener in 1949:
(…) if we move in the direction of making machines which learn and whose
behaviour is modified by experience, we must face the fact that every degree of
independence we give the machine is a degree of possible defiance of our wishes.
The genii in the bottle will not willingly go back in the bottle, nor have we any
reason to expect them to be well disposed to us. In short, it is only a humanity
which is capable of awe, which will also be capable of controlling the new potentials
which we are opening for ourselves. We can be humble and live a good life with the
aid of the machines, or we can be arrogant and die.
(Norbert Wiener 1949)73
Good (1965) and Vinge (1993) suggested the possibility of a self-improving AI leading to an
“intelligence explosion.” An ultra-intelligent machine is the last innovation humans would make.
How come? Fifty years ago, the mathematician Irving Good explained:

73

The quotation is from the excerpts published in Markoff (2013).
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Let an ultraintelligent machine be defined as a machine that can far surpass all
the intellectual activities of any man however clever. Since the design of machines
is one of these intellectual activities, an ultraintelligent machine could design even
better machines; there would be then unquestionably an “intelligence explosion,”
and the intelligence of man would be left far behind. Thus the first ultraintelligent
machine is the last invention that man need ever make, provided that the machine
is docile enough to tell us how to keep it under control. It is curious that this point
is made so seldom outside of science fiction. It is sometimes worthwhile to take
science fiction seriously.
(Good 1965, p. 33) [Italics in original]
Vinge (1993) believes that the technological singularity will cause a discontinuity in human evolution
and the human era will be ended. Needless to say, opinions about whether anything like the
technological singularity will ever occur are divided. Ray Kurzweil in his book The Singularity is Near
predicts that the technological singularity will happen circa 2045.
One immediate consequence of reaching the singularity point (i.e. smart machines have achieved
superintelligence) is that humans become economically superfluous because they make no
difference to economic performance. The Second Machine contains a brief discussion of the
technological singularity (Brynjolfsson and McAfee 2014, pp. 254-257). Ford (2015) devotes a whole
chapter (entitled Super-Intelligence and the Singularity) to this highly speculative topic. 2018 Nobel
Prize winner William D. Nordhaus draws the conclusion that the technological singularity is not near:
“Fortunately, the euthanasia of the labouring classes is far off and will flash sufficient warning signals
so that, if it does occur, humans will have time to contemplate the social structures of such an era.”
(Nordhaus 2015, p. 38).
Reverting to the robot economy paradox, it should be clear that this paradox does not presuppose
that technology has reached the singularity point. However, if the technological singularity occurs
the robot economy paradox is likely to happen.
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