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Preface

I feel obliged to say something in the preface, in an attempt to help the reader love
the book, regardless of whether he/she chooses to read the book fortunately or
unfortunately. This preface contains five parts. Let me start in the first part about
my beloved physics.

Physical Methods Make Physics Mature

From Aristotle (384-322 B.C.) to the time before G. Galilei (February 15, 1564—
January 8, 1642), physics was developed mainly on the basis of empirical analysis
(observations), which offered correlations (namely relationships involving depen-
dence). Owing to G. Galileo, the situation was significantly changed because he
brought controlled experiments into the research of physics. This approach directly
reveals cause and effect, which represents a deeper understanding than the correla-
tion brought by empirical analysis. Next, it was I. Newton (December 25, 1642—
March 20, 1726) who realized the necessity of introducing the tool of theoretical
analysis (based on mathematics) to generalize the results obtained from both
empirical analysis and controlled experiments. As a result, physics developed much
faster than before, and currently physics has already become a mature discipline.

Physical Methods Might Help Econophysics to Grow Up

The historical route of developing physics sheds light on how to develop econo-
physics (even though econophysics is only a branch of physics, at least to phys-
icists like me). In fact, if we compare physics with econophysics, we can find a
similar route. In the mid-1990s, econophysics got its own name and started to
board the stage of history as a new research direction (certainly, I also agree that
researches within the scope of econophysics appeared much earlier than the
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mid-1990s, but at that time, the word “econophysics” was not yet coined). Since
then, studies on econophysics have been mainly based on empirical analysis (as
well as agent-based simulations, especially after the birth of the minority game in
1997 [1]; these simulations are used to understand empirical observations). Since
the last decade, the situation has been updated by introducing controlled experi-
ments into econophysics, say, the study of the minority game [2-4], political
exchange for election outcome prediction [5, 6], the market-directed resource-
allocation game [7-10], and a laboratory stock market [11]. In the early stage of
introducing controlled experiments [2—4], controlled human experiments (which
will be simply called “controlled experiments” throughout this book) were purely
performed to yield new results. However, such human experiments often have
unavoidable limitations such as specific subjects with specific identities in specific
avenues at specific time. Thus, it becomes somehow difficult to generalize the
results obtained from controlled experiments. To overcome these limitations and
also to achieve more results (that cannot even be obtained from pure human
experiments due to the lack of resources like time, money, and/or human subjects),
since 2009 [7], my group has introduced a combination method of empirical
analysis, controlled experiments, and theoretical analysis (based on agent-based
simulations and/or analytical theory) [7-10] into the research of econophysics.
Owing to the big success of the combination approach in physics, we expect more
from the combination method in the field of econophysics. Because controlled
experiments play the most important role in the combination approach, I call the
econophysics related to the controlled experiments as Experimental Econophysics,
which is the topic of this book.

To benefit the reader, a few well-known scholars have published several elegant
English monographs on econophysics:

e R.N. Mantegna and H.E. Stanley, An Introduction to Econophysics, Cambridge
University Press (2000);

e N.F. Johnson, P. Jefferies, and P.M. Hui, Financial Market Complexity, Oxford
University Press (2003);

e J. Voit, The Statistical Mechanics of Financial Markets (3rd edition), Springer
(2005);

e D. Challet, M. Marsili, and Y.-C. Zhang, Minority Games: Interacting Agents in
Financial Markets, Oxford University Press (2005).

However, these monographs have not touched the field of experimental
econophysics. So, the present book in your hand would be the first English
monograph on Experimental Econophysics. 1 hope it will help to foster the
development of econophysics, at least to some extent.
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Peer Responses to Experimental Econophysics

What is experimental econophysics in the eyes of econophysicists? I prefer to
answer this question as below.

From May 31 to June 2, 2014, I attended the International Conference on
Econophysics (ICE2014) in Shanghai, China. During the ICE2014, I presented an
invited talk, entitled “Experimental Econophysics: A laboratory market for
modeling real stock markets.” The talk presented both my key thoughts on
experimental econophysics and the content of Chap. 3 of this book. Surprisingly,
the audience appreciated this talk very much, and evoked much stronger reper-
cussions than what I had expected. As a result, during or after my talk, many
scholars (including Prof. R.N. Mantegna of the University of Palermo in Italy) had
great interest to discuss with me the controlled experiments conducted by my
group. In particular, on June 4, 2014, Prof. D. Sornette of ETH Zurich in
Switzerland, who is both a chairman of ICE2014 and a leading worldwide expert
in the field of econophysics, also emailed me:

“I like very much your presentation at ICE2014. I would be glad if you could send me
your presentation in pdf format. I would also appreciate receiving your papers that you
listed, especially the ones on your lab experiments.”

Such peer appreciation implies that experimental econophysics, coined by me,
has had a good start. Nevertheless, a good start does not mean a good ending; to
achieve the latter, we must do much better.

Who Should Read This Book?

One of my dreams, which are genuine dreams beyond reality, is to let this book
attract a huge number of readers. So, the dream is as follows.

On one hand, everyone who has an interest in physics should read this book
because it guides him/her to know how to develop statistical physics into the field
of economics or finance.

On the other hand, everyone who has an interest in economics or finance should
read this book because it helps him/her know of economic or financial problems
from a different perspective.

The word “everyone” appearing in the above two paragraphs should include
undergraduate students, graduate students, teachers in universities, and researchers
in universities, institutes or industries, who are working in the field related to
physics, economics/finance, complexity science, artificial intelligence, manage-
ment science, sociology, ecology, or evolutionary biology.
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Abstract

Experimental Econophysics describes the method of controlled human experi-
ments, which is developed by physicists to study problems in economics or
finance, namely stylized facts, fluctuation phenomena, herd behavior, contrarian
behavior, hedge behavior, cooperation, business cycles, partial information, risk
management, and stock prediction. Experimental econophysics along with
empirical econophysics are two branches in the field of econophysics. The latter
has been extensively discussed in the existing literature, while the former has been
seldom touched. In this book, the author focuses on the branch of experimental
econophysics. Empirical econophysics is based on the analysis of data in real
markets using statistical tools borrowed from traditional statistical physics.
Differently, inspired by the role of controlled experiments and system modeling
(for computer simulations and/or analytical theory) in developing modern physics,
experimental econophysics specifically relies on controlled human experiments in
the laboratory (producing data for analysis) together with agent-based modeling
(for computer simulations and/or analytical theory), with an aim to reveal the
general cause—effect relationship between specific parameters and emergent
properties of real economic/financial markets. This book covers the basic concepts,
experimental methods, modeling approaches, and latest progress in the field of
experimental econophysics.

XV



Chapter 1
Introduction

Abstract In this chapter, I attempt to offer a general background of experimental
econophysics, the theme of the book. For this purpose, I start by answering some
fundamental questions. That is, why does physics need economics or finance, and
vice versa? What are physical ideas or methods? Then, I introduce both the birth of
econophysics and the two branches of econophysics (namely, empirical econophysics
and experimental econophysics). Finally, I present the methodology of experimental
econophysics.

Keywords Experimental econophysics - Physical idea - Physical method -
Controlled experiment

It might be a kind of human inability that a single scientist cannot research on all
the aspects of the nature and society. Owing to the human inability, science has
been divided into many disciplines, e.g., mathematics, physics, chemistry, biology,
economics/finance, and so on. As aresult, specific researchers always work in the field
of a specific discipline. For example, the researchers, under the name of physicists,
work in the specific field of physics. After a longtime separation between physics
and economics/finance, now the time is ripe for their combination, so that they could
help each other to develop, at least to some extent.

1.1 Why Physics Needs Economics or Finance?

If one counts from G. Galilei (February 15, 1564—January 8, 1642), physics, the
study of nature, has been developing for 400 years or so. This duration is not very
long compared to the millions of years for which humans have lived on earth. How-
ever, everyone has witnessed the significant changes in human life brought about by
physics, such as electricity, computers, mobile phones, artificial satellites, utilization
of nuclear energy, and so on. All of these changes are an outcome of the physical
knowledge of the natural world. According to this fact, it is no doubt that the ideas
and methods of physics are useful to handle the natural world. Here, the natural
world means it contains non-intelligent units that have no adaptability due to the
lack of learning ability. For example, such non-intelligent units are electrons, atoms,
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2 1 Introduction

molecules, colloidal particles, and so on. In sharp contrast to the natural world, the
social world is full of intelligent units, which have adaptability due to the existence of
learning ability; such intelligent units involve humans, companies (containing many
humans), countries, and so on.

Science is always driven by curiosity, and physics is no exception. Inspired by the
success of physics in handling the natural world, one might curiously ask whether
the ideas and methods originally developed from physics for treating the natural
world are also useful for the social world. The answer is definitely in the affirmative.
But, the reader might proceed to ask: “what do you mean by saying the ideas and
methods originally developed from physics for treating the natural world?” or “what
are physical ideas and methods?”

1.1.1 What Are Physical Ideas?

1.1.1.1 Extracting Reasons Should be Coarse-Grained

Let me take the freely falling object as an example. The number of reasons
determining falling height could be based on N: time, air resistance, atmospheric
pressure, humidity, etc. However, G. Galilei (February 15, 1564—January 8, 1642)
neglected the N — 1 reasons and considered only the relation between falling height
(h) and time (¢), yielding h = (1/2) gt2. Here, g is acceleration (a constant). As a
result, he established the law of free fall, which helped I. Newton (December 25,
1642—March 20, 1726) to successfully establish classical mechanics in the discipline
of physics. Based on this law, the first idea of physics comes to appear: one should
extract crucial reasons, or equivalently extracting reasons should be coarse-grained.

1.1.1.2 Results Obtained Should Be Universal

After Galilei’'s h = (1/2) gtz, I. Newton (December 25, 1642-March 20, 1726)
revealed his second law, F = ma, where F is force, m is mass, and a is acceleration.
This second law helps to explain not only the freely falling object on the earth (by
setting a = g and seeing F as gravity), but also the planetary motion in the sky
(that had been empirically summarized in the laws of planetary motion by J. Kepler
(December 27, 1571-November 15, 1630)). Besides, Newton’s second law can even
be used to predict new phenomena. For example, on August 31, 1846, U. Le Verrier
(March 11, 1811-September 23, 1877) first predicted the existence and position of
Neptune using Newton’s second law plus Newton’s law of gravity; Neptune was
subsequently observed on September 23, 1846, by J. G. Galle (June 9, 1812—July 10,
1910) and H. L. d’ Arrest (August 13, 1822—June 14, 1875). The success of Newton’s
second law indicates the second idea of physics, which is “results obtained should be
universal.” Here, “universal” means that the results should not only help to explain
the existing phenomena, but also help to predict the future or unknowns.
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1.1.2 What Are Physical Methods?

1.1.2.1 Empirical Analysis

From Aristotle (384-322 BC) to J. Kepler (December 27, 1571-November 15, 1630),
physicists first observed the natural world and then analyzed the observations, yield-
ing many empirical results, such as Kepler’s laws of planetary motion. Such analysis
is simply empirical analysis, which is based on existing data in nature.

Advantages of empirical analysis: reliability and huge data. Here, “reliability”
means that according to the data collected from nature itself, any results obtained
from the data should be reliable; “huge data” means that the number of data in nature
is huge, which is definitely helpful for understanding the natural world.

Disadvantages of empirical analysis: uncontrollability (correlation) and non-
formatting. Since the data are collected from nature, they are always uncontrol-
lable. Then, what empirical analysis can produce is correlation but not causality.
Clearly, causality represents a deeper understanding than correlation. Regarding
“non-formatting,” it is easy to understand that: the format of data existing in nature
is not fixed but dependent on how people collect them. The non-formatting of data
causes trouble for people to investigate.

1.1.2.2 Controlled Experiments

Since empirical analysis helps to reveal correlation rather than causality, G. Galilei
(February 15, 1564-January 8, 1642) started to perform experiments in the labora-
tory by purposefully tuning one or a few parameters/conditions (all the other para-
meters/conditions are fixed) in order to reveal cause—effect relationships (causality).
His method was that of controlled experiments.

Advantages of controlled experiments: controllability (causality) and formatting.
These are the inverse of the above-mentioned disadvantages of empirical analysis.
Such experiments are controllable because one can tune a variable and see its effect
(causality). Asregards “formatting,” it means the format of data could be conveniently
organized during the experiment.

Disadvantages of controlled experiments: deviations and few data. Since such
experiments are conducted in the laboratory, the experimental data may be different
from their counterparts in nature. This difference is what we term as “deviations.”
On the other hand, the experimental data produced in the laboratory cannot be huge,
as one can easily imagine. Thus, I indicate “few data” herein.
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1.1.2.3 The Combination of Empirical Analysis, Controlled Experiments,
and Theoretical Analysis

Due to the above-mentioned advantages and disadvantages of either empirical
analysis or controlled experiments, I. Newton (December 25, 1642—March 20, 1726)
combined both empirical analysis and controlled experiments; for instance, when he
explained Kepler’s laws of planetary motion (outcome of empirical analysis), he also
explained Galilei’s law of free fall (outcome of controlled experiments). The com-
bination of empirical analysis and controlled experiments reserves their advantages,
but removes their disadvantages. More importantly, Newton also realized that the
combination of empirical analysis and controlled experiments can produce results
only for specific areas: empirical analysis corresponds to the specific objects pro-
ducing empirical data (e.g., Kepler’s laws of planetary motion are only valid for
planets); controlled experiments are related to specific laboratory samples/devices
producing experimental data (e.g., Galilei’s law of free fall specifically holds for the
freely falling object in the laboratory). As a result, Newton utilized theoretical analy-
sis (based on mathematics like calculus) to generalize the results (obtained from the
combination of empirical analysis and controlled experiments) from specific areas
to broad areas. For example, his second law (F = ma) helps to explain not only the
motion of either planets (described by Kepler’s laws of planetary motion) or freely
falling objects (described by Galilei’s law of free fall), but also the motion of many
other objects, including a single molecule. Owing to the unprecedent success of this
generalization (which is proved by the fact that physics has significantly improved
human life), the method of combining empirical analysis, controlled experiments,
and theoretical analysis has become the fundamental method for developing physics.
Certainly, in reality, it is already enough for achieving some excellent results by
using only one or two of empirical analysis, controlled experiments, and theoretical
analysis. This fact depends on specific topics, for e.g., in modern condensed matter
physics, where empirical analysis is hardly used. However, in modern astrophysics,
controlled experiments are rare. It is not necessary for me to go into details here. In
principle, the above-mentioned combination is an ideal, complete method.

So far, I have answered the question “what are physical ideas and methods?”

Last but not least, even though physics has helped to significantly improve human
life due to the deep understanding of the natural world using the above-mentioned
physical ideas and methods, it might be not suitable for people to immediately expect
too much when physical ideas and methods are used to understand the social world.
Why? Please note many of the above-listed applications brought about by physics are
not a direct purpose of original research. For example, when M. Faraday (September
22, 1791-August 25, 1867) discovered the law that magnetism is able to produce
electricity, he did not know whether it would be genuinely useful to humans. The
reason he conducted the research was due only to curiosity. In fact, in history, the
large-scale application of electricity only started at the end of the nineteenth century
when Faraday had passed away for many years. This means people must be patient
to wait for the application of a physical discovery as physicists need time to study.
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In other words, the reason that physics needs economics/finance lies in the
curiosity of physicists, which may broaden the realm of physics, especially statistical
physics.

1.2 Why Economics or Finance Needs Physics?

Briefly speaking, economics is a discipline on how to allocate scarce resources effi-
ciently. Since the time of A. Smith (June 5, 1723-July 17, 1790), economics has
developed for more than 200 years. In the duration, mathematics was introduced
into economics, thus causing economics to be a quantitative discipline. Because
the subject discussed in the field of economics is human-activities-related phenom-
ena in the social world, which is too complex, economics is still far from perfect.
For example, existing economic theories fail to envisage even the possibility of a
financial crisis like the recent one [12]. Thus, economics needs different ideas or
methods in an attempt to perfect itself. Physics may be a candidate discipline for
economics to absorb such ideas and methods. In this sense, economics needs physics
so that people might scrutinize economic problems from a different perspective, thus
yielding different insights. Certainly, economics can also resort to ideas or methods
that are beyond physics, e.g., evolutionary biology.

The above conclusion also holds for finance. As regards finance, its relation to
economics is similar to the relation between applied physics and basic physics. That
is, finance focuses on application research, but economics focuses on basic research.
For example, if a seller sells a pen at a price of 1 Chinese Yuan, the exchange
behavior between me and the seller belongs to finance, but the reason that the pen
costs 1 Chinese Yuan rather than 100 Chinese Yuan belongs to economics. Neverthe-
less, throughout this book, I do not sperate economics and finance distinctly because
both are closely related to the trading behavior of humans.

1.3 Physics + Economics or Finance — Econophysics

Physics meets economics or finance, yielding econophysics (the wording “econo-
physics” first appeared in the literature as early as 1996 [13]). According to the above,
econophysics is a branch of physics (at least in the eye of physicists like me), which
uses physical ideas and methods (listed in Sect. 1.1) to analyze problems related to
economics and finance. Loosely speaking, econophysics is what physicists do in the
field of economics or finance since these physicists are naturally armed with physical
ideas and methods. To briefly summarize the above, the aim of econophysicists could
be at least twofold: first, to broaden the realm of traditional physics (throughout this
book, the phrase “traditional physics” means the physics that is used to study nature
with non-intelligent units like atoms, rather than the society with intelligent units like
humans), especially statistical physics, second, to scrutinize economic or financial
problems from a physical perspective.
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1.4 Dividing Econophysics into Two Branches: Empirical
Econophysics and Experimental Econophysics

In general, econophysics contains three methods: empirical analysis (starting from
the articles by H. E. Stanley and coworkers in the mid-1990s, see for example
Ref. [14]), controlled experiments (starting as early as 2003 by T. Platkowski and
M. Ramsza [2]), and theoretical analysis (starting from the establishment of minor-
ity game in 1997 by Challet and Zhang [1]). Here, empirical analysis in the field of
econophysics is based on existing data in real markets, and controlled experiments
mean experiments conducted in the laboratory which produce data by tuning one (or
few) variable(s)/condition(s). The theoretical analysis in the field of econophysics is
based on agent-based modeling (or system modeling), which has two approaches:
agent-based simulations (also called computer simulations) and analytical theory.
Agent-based simulations have helped to develop econophysics significantly, which
are an analog of molecular dynamics simulations [15], Monte Carlo simulations
[16], or finite element simulations [17, 18] in traditional physics. According to tra-
ditional physics, for analytical theory, one needs to start from some common laws
or principles that are often lacking in social human systems (the research object of
econophysics). Thus, compared with agent-based simulations, analytical theory has
not played a very important role in econophysics.

Since the birth of econophysics in the mid-1990s [13], empirical analysis has
dominated the research community of econophysics till now, which forms a branch
of econophysics called empirical econophysics. However, as a discipline, econo-
physics is still too young, with vast development space. As one knows, the maturity
of traditional physics is mainly due to the role of controlled experiments in the lab-
oratory. Accordingly, it seems unbelievable that in the future, econophysics without
controlled experiments could be as mature as traditional physics. Thus, I believe
that for developing econophysics in a healthy manner, econophysicists must resort
to controlled experiments. In this sense, for the time being, to emphasize the impor-
tance of controlled experiments, I suggest a different branch in econophysics, i.e.,
experimental econophysics, which mainly focuses on controlled experiments in the
laboratory. Accordingly, in this book, econophysics is divided into two branches:
empirical econophysics and experimental econophysics.

Clearly, the above two branches are divided according to the two different meth-
ods. It is worth noting that in the above paragraph, I did not mention theoretical
analysis. But, for physicists like me, these simulations must be used to understand
either empirical data (in real markets) or experimental data (in laboratories). So, for
understanding empirical data, theoretical analysis is only a supplementary tool in
empirical econophysics. On the other hand, for mainly understanding experimental
data, theoretical analysis serves as an additional tool in experimental econophysics.

The focus of this book is experimental econophysics [19]. Regarding empirical
econophysics, I refer the reader to some excellent monographs [14, 20-22] and
reviews [23, 24]. If the reader can read Chinese, I would also recommend him/her to
read two relevant monographs in Chinese [25, 26].



