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Introduction

The Research Assistant

You are back in DC! Yes. It is as hot and humid as it was for your internship,
maybe even hotter and humiditier. You managed to secure a job as an “RA”
at the US Federal Trade Commission. You are in the Bureau of Economics in
AT1. You have an awesome place in Navy Yard, not far from the Nats stadium,
the Wharf and the home for DC United. A mate from college is your room
mate and they started at the Fed last week. Your career is about to begin!

First Day

What the heck is he talking about? A colleague, was it John or Jeff, maybe
Dave, has been talking 100 mph for last few minutes and you are just catching
snippets. “We need to estimate WTP.” “Can you believe they are using Elzinga-
Hogarty.” “I hope Alabama joins the suit.” “Bill Town is great.” You have been
nodding but you quickly lost the thread of the conversation.

You decided to go with a suit, which was definitely a mistake. Even though
you were hardly outside, you are sweating buckets and no one else seems to be
in a suit, not even the managers. The managers are lovely and seemed very
excited that you were starting. They liked that you had coding experience
in R and had done some cool work in your internship on minimum wages.
Apparently, you are going to jump straight into a case.

John/Jeff/maybe-Dave is explaining the case to you. It seems to have
something to do with hospitals in Alabama. Your screen is full of data, there
are columns with things you recognize like zip codes, age, and then things like
DRG which you have no idea about. Apparently, this data is from a payer,
although you are not sure what that is. The rows are claims. There is a column
with the price, but they seem wrong. The numbers are enormous, 150008,
25020, 83251. Is this dollars? You were in hospital a few weeks back getting
some stitches after an incident playing kick ball. You are pretty sure it was
$25.00

Your job is to determine the relationship between price and WTP. You just
wish you knew what WTP stood for.

xiii
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Second Day

Yesterday you were able to get R and RStudio set up and get access to the
payer data. You were able to calculate WTP for the hospitals and you showed
Dave the results.

OK. Now we need to calculate WTP post-merger. You responded that you
didn’t think you had the data, you were pretty sure that there was no indicator
for merger in the data. Dave laughed out loud. Then he saw the expression on
your face, caught himself, and stated matter-of-factly, no we have to simulate
the merger.

Simulate the merger? How would we know what would happen to prices
after the hospitals merge? How do we know how prices are determined now?
From what you could gather so far there were three hospitals in the city and
five insurance companies serving beneficiaries in the area. The prices in the
data were determined by bargaining between these hospitals and the insurance
companies. You search your memory back to microeconomics, you remember
the class on monopoly pricing, when the seller had market power to determine
price. Do these hospitals have market power? You remember something in the
text book about monopsony, when the buyer has market power to determine
price. Do the insurers have market power? Do both the hospitals and the
insurers have market power?

The Book

This is an empirical game theory book. Traditionally, game theory is presented
as a theoretical subject. Generally, applications are discussed but there are no
explicit empirical applications. Yet, since the 1990s, game theory has been at
the heart of empirical analysis of competition and markets in the economics
sub-field of industrial organization. In economics, this layering of theory on to
empirical analysis is called structural econometrics. This book is focused on
the game theory, not necessarily the econometrics.

What Does it Cover?

The book aims to provide an introduction game theory, a mathematical ap-
proach to understanding economic relationships. The goal is for the reader to
understand what a game is and how the mathematics works. The reader will
be able to create a game that explains behavior of economic actors observed
in her data. She will be able to ask how questions. She will be able to see how
parameters of the game relate to characteristics of the data. She may be able
to use the game to ask what if questions. What would the economic actors
observed in the data do if the world was different? What if the government
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introduced a new policy? What if technology changed. What if the hospitals
merged?

The book covers standard game theory concepts such as normal form games,
exentensive form games, Nash equilibrium, mixed strategy Nash equilibrium,
and subgame perfection. It also covers standard empirical methods such as
linear regression, two-way fixed effects, logit models, and maximum likelihood
estimation. But it covers a number of concepts that are important to the
intersection of game theory and data analysis such as generalized method of
moments and two-step estimators.

What is the Approach?

The book teaches game theory through code, in particular, it will use the
scripting language R. It is not primarily aimed at teaching R. Rather, it
is primarily aimed at teaching game theory. This idea of using computer
programming as a tool of instruction goes back to at least Seymour Papert and
MIT’s Al lab in the 1970s.! Papert helped develop a programming language
called Logo. The goal of Logo was to teach geometry by programming how a
turtle moves around the screen. You may have used one of the offspring of
Logo, such as Scratch or Lego Mindstorms.

The book uses Papert’s ideas to teach game theory. You will learn the math
of the game or estimation method and then how to program that game or
estimation method. The book makes particular use of the computer’s ability
to simulate data. This allows us to experiment with more complicated and
realistic games than is possible with pen and paper.

The book is written in RStudio using Sweave. Sweave allows IXTEX to be
integrated into R. ITEX is a free type-setting language that is designed for
writing math. Much of the code that is used in the book is actually presented
in the book. Sometimes it is more practical to create a data set outside the of
book. In those cases, the data and the code that created the data are available
here https://github.com/christopherpadams/EmpiricalGameTheory. In a
couple of other cases, the preferred code does not produce nice output for the
book, so it is left out.

What is How Analysis?

Often we want to understand patterns we see in the data. How are prices
related to the number of firms in the market? Why do firms enter some markets
and not others?

For those questions, we can use game theory to guide our thinking and our
analysis. A game theoretic model of firm entry can help us understand why
some markets had both Borders and Barnes & Noble, other markets had just
one, and many more have none.

Thttps://el.media.mit.edu/logo-foundation/
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What is What If Analysis?

Game theory is also important in what if analysis. In those analysis, we want to
understand how behavior will change when faced with a situation not observed
in the data. What would have happened if Borders and Barnes & Noble would
have merged in the mid-1990s? Would there have been more or fewer mega
bookstores? Should the federal government allow bidders to collude in oil
drilling auctions? We can estimate the parameters of game theoretic model
using observed data and then make changes to the model to simulate what
would happen in the case that is not observed in the data. We can then run the
model and predict the outcome. We can simulate a merger between Borders
and Barnes & Noble in the mid-1990s or what happens to bids on oil drilling
leases when bidders are allowed to collude.

What About the Real World?

The book presents interesting and important questions. The book presents an
analysis of competition between various types of firms and asks what happens
if mergers are allowed or not. It considers price regulation policies for retail
gasoline and whether these regulations lead to higher prices for consumers.
It looks at how the US federal government runs auctions for timber and oil
drilling leases. Hopefully, the book points you to new questions and new data
to answer existing questions.

The book does not recommend policies. The government economist, Alice
Rivlin, argued that it is extremely important to provide policy makers with
objective analysis. In a memo to staff of the Congressional Budget Office
(CBO), she said the following.?

We are not to be advocates. As private citizens, we are entitled to our
own views on the issues of the day, but as members of CBO, we are
not to make recommendations, or characterize, even by implication,
particular policy questions as good or bad, wise or unwise.

Economists in government, the private sector and the academy, work on
important policy questions. Economists are most effective when they do not
advocate for policy positions, but present objective analysis of the economics
and the data. This book presents an objective analysis of interesting policy
questions but doesn’t state whether the policy positions are good or bad, wise
or unwise.

%https://www.cbo.gov/sites/default/files/Public_Policy_Issues_Memo_Rivlin_
1976.pdf
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The Outline

The book is laid out the same way Robert Gibbons laid out his classic text,
Game Theory for Applied Economists. There are four parts. Static games of
complete information, dynamic games of complete information, static games
of incomplete information, and dynamic games of incomplete information.

Static Games of Complete Information

This part presents the simplest version of a game.

Chapter 1 introduces the basic mathematical concepts of game theory. It
analyzes the most famous game in game theory, the prisoner’s dilemma. The
game is used in a TV game show and the chapter uses data on actual behavior
in the game where the players of the game make choices worth thousands of
dollars. Do real people on a TV game show play the game as the mathematics
predicts?

Chapter 2 introduces two important equilibrium concepts, dominant strat-
egy equilibrium and Nash equilibrium. The chapter uses Nash equilibrium to
understand how the number of tire retailers varies from city to city.

Chapter 3 studies oligopoly, markets with a small number of competitors,
and three models of how these markets work, Cournot, Bertrand, and Hotelling.
The most general model allows competing firms to be similar but not the same.
This model is used to understand pricing competition between McDonald’s
outlets in late 1990s Santa Clara county.

Chapter 4 considers the implications of multiple Nash equilibria in a game
where two firms are choosing whether or not to enter the same market. This
game is used to analyze the entry decisions by the mega bookstores in the
1990s, Borders and Barnes & Noble. The chapter analyz