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Introduction

Donald J. Meyer
Western Michigan University

-Warning-
Under the Michigan Equine Activity Liability Act, an Equine Pro-
fessional is not liable for an injury to or even the death of a partic-
ipant in an equine activity resulting from an inherent risk of the
equine activity.
Michigan Farm Bureau
Farm Bureau Insurance

This sign is posted at the horse stables where my two younger
daughters ride horses on Saturday mornings. The sign communicates at
least two distinct messages to its reader. First, riding horses is a risky
activity. Even though it is a small percentage of riders overall, a num-
ber do get injured in horse-riding incidents with the possibility of even
sustaining a serious or life-threatening injury. Second, when you
decide to ride a horse at these stables, you take on and assume this risk;
that is, the stable owner is not in any way liable for an injury that you
may incur while participating in equine activities.

Riding horses is just one of almost countless situations in life in
which you encounter risk—where you encounter the chance of injury,
damage, loss, or of making a dangerous choice. Other examples
include the risk of losing your job, the risk of contracting some debili-
tating disease, the chance of getting in an automobile accident on the
way to the shopping mall, and the risk of being struck by lightning in a
summer thunderstorm. Risk is all around us and affects us all. No one
can escape from its clutches or attain perfect immunity to it. You may
decide to not acquire the additional risk of riding a horse by not engag-
ing in that activity, but one cannot so easily avoid the risk of getting
cancer or the risk of being hit by a car while crossing the street on the
way to school.
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Risk is something that most of us dislike and try to avoid. Econo-
mists and other researchers have studied risk and have obtained consid-
erable amounts of evidence that indicate that people are generally “risk
averse” in their attitude towards risk. This means that, everything else
held constant, people choose the less risky alternative and they will
take measures to reduce or shift the risk to others when feasible. Pur-
chasing health, life, or automobile insurance is one way to do this.
Diversifying your investment portfolio by investing in different kinds
of stocks, bonds, and money market securities is another. These mea-
sures help reduce the amount of risk that we must face to a more com-
fortable and manageable level. But we cannot completely insulate
ourselves from the many risks that one can come across.

On occasion, people willingly seek to engage in a risky activity or
situation instead of selecting the usual risk avoidance strategy. A slot
machine or some other game of chance in a casino entices some people
to gamble and take on risk. Other people invest a portion of their
incomes in the risky stock market. This is not necessarily evidence
contrary to risk aversion, because gambling can provide entertainment
value or give an “adrenaline rush” to the gambler. Also, historically,
the average return of the stock market has been higher than the return
of safer money market assets, and this higher expected return can com-
pensate for the higher risk of the stock market assets.

This book contains chapters that address various aspects of risk.
Two chapters deal with risk directly by looking at risk management
and how it is applied to decision making, or by assessing what
researchers have learned over the last few decades in their theoretical
investigations of risk. The other chapters look at risk indirectly by
examining markets in which risk has a significant presence. Casino
gambling enterprises, agriculture markets, auctions, and health insur-
ance markets are places where risk makes a considerable impact. A
number of problems that result from risk in these markets and in the
economy will also be addressed. Auction participants may feel the
sting of the “winner’s curse” when the object they are bidding on has
uncertain value. Significant health issues and potential problems face
those who are without health insurance. Risk incentive problems have
plagued the Farm Bill, government’s response to farmers to decrease
the risk in agriculture. Problem and pathological gamblers make up a
percentage of those who enter a casino establishment.
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The first chapter in this book is “Risk and Risk Management: Basic
Concepts,” by Keith J. Crocker. The main focus of this chapter is on
risk management for the business firm and for the general consumer.
Crocker discusses how one identifies risk and then how to deal with it.
This is a fitting first chapter because it is a natural starting place in the
investigation of risk, and it is very basic and applicable to every reader,
regardless of how and where one fits into the economy.

Crocker goes through a number of steps involved with risk man-
agement, starting with risk identification and then quantifying the mag-
nitude of the existing risk. Risk mitigation and control follows in the
process. Crocker examines both loss prevention and loss reduction
measures and looks at the decision of which risks to retain and which
to transfer.

Crocker highlights this process with a number of interesting appli-
cations and examples. His central backdrop is the February 1999 natu-
ral gas explosion occurrence at the Ford Motor Company River Rouge
power plant in Detroit, Michigan. Detailed information associated with
events leading up to and immediately following this catastrophe are
used to exemplify the presence of risk and of risk control and manage-
ment. Asbestos exposure and its subsequent cleanup and the tainting of
Tylenol capsules with cyanide also serve as illustrations in Crocker’s
discussion.

The second chapter, by Mark J. Machina, is entitled “States of the
World and the State of Decision Theory.” As the title suggests,
Machina assesses the state of the profession regarding its theoretical
investigation of risk and uncertainty. He reviews and discusses where
we are in terms of the modeling and development of risk analysis. The
major theoretical risk research of the last several decades is divided
into two major approaches.

Choice under objective uncertainty was the first theory developed
about decision making under risk and comprises Machina’s initial dis-
cussion. Its roots go back several centuries to early work by Pascal and
Fermat. Objects of choice can be described as objective lotteries in
which all outcomes and the objective probabilities of these outcomes
are known. An individual’s preference function over these lotteries is
generally assumed to follow the objective expected utility form for
some von Neumann-Morganstern utility function. Violations of the
expected utility hypothesis, including the famous Allais Paradox, are
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noted, and Machina discusses some nonexpected utility models that
have developed as a response to these violations and paradoxes.

Choice under subjective uncertainty is the other main branch of
theoretical risk research. Machina traces this theory back to work by
Savage, who was instrumental in the formulation and early develop-
ment of the subjective uncertainty model. The main tenets of this
approach include states of nature, events, and outcomes or conse-
quences. Individuals are allowed to have probabilistic beliefs, and
these beliefs can differ across individuals. Thus, under this theory you
and your friend can differ as to the assessed chance that the stock mar-
ket will rise in the next few weeks. Machina then addresses violations
of this theory including the Ellsberg Paradox and subsequent modeling
adjustments in response to the violations.

After careful discussion of each of these theories, Machina offers
his personal insights into the similarities and differences between them
and how the approaches actually are more related than one might ini-
tially assess. Included in his observation is an intuitive discussion of
his recently completed work on this subject. For more details, the inter-
ested reader is invited to consult Machina’s fascinating developments
and findings.

The third chapter is “Gambling with the Future: Economic and
Social Perspectives on Casinos in America,” by William R. Eadington.
Strong demand for gambling activities for entertainment or risk-seek-
ing value has existed as long as mankind has. Gambling has gone the
gambit from an activity that has been largely banned and viewed by
many as immoral to a more widely accepted, legalized, and controlled
setting in which special interest groups compete for the industry reve-
nues. Casino gambling is a significant and fast-growing industry, one
whose growth often occurs in economic downturns when tax revenue
generation and job creation are highly desirable. In this chapter, Ead-
ington focuses on the economics of casinos, establishments that house
numerous varieties of games of chance.

Eadington starts by tracing through U.S. casino history of the last
century, beginning with Nevada’s casino legislation in 1931. He exam-
ines the current status of the industry as well as looking at projected
trends into the future, including new gambling forms such as Internet
gambling. Different casino markets are described, including destina-
tion resort casinos such as Las Vegas, Atlantic City, or Biloxi, urban or



Introduction 5

suburban casinos located in major metropolitan areas, and rural casinos
which include most tribal casinos. Gambling is an ever-changing
industry, as evidenced by the creation of “racinos”—horse race tracks
that have become equipped with slot machines or other gaming
devices.

Eadington explores a social as well as economic perspective on
casinos by looking at cost-benefit analysis of casinos. The benefit side
is well founded in consumer surplus theory in economics. Consumers
benefit by having access to a legalized casino establishment, and many
would be willing to pay money to do so. The cost side is much less
developed and is harder to quantify. Problem and pathological gam-
blers impose a cost on themselves and others. Other researchers have
tried to link casinos or gambling with increased crime rates, gambler
financial troubles and higher divorce and suicide rates, and a general
decline in the nation’s “moral fiber.”

The fourth chapter is by John H. Kagel and is entitled “Common
Value Auctions and the Winner’s Curse: Lessons from the Economics
Laboratory.” In this chapter, Kagel discusses the risk of experiencing
the winner’s curse in a common value auction, where the auctioned
item’s value is the same to all bidders but is unknown (risky) at the
time of the bid. Bidding on an offshore oil tract is a fitting example, as
the precise value of the hydrocarbons beneath the ocean floor is uncer-
tain at the time the bids are placed.

Generally bidders obtain distinct private indicators or signals of the
object’s value. Some of the signals will be higher than this value while
others will be lower. The winning or high bidder likely has the highest
or one of the highest signals. If the bidder doesn’t recognize this and
factor it accordingly, the submitted bid may be more than the uncertain
value even though it is less than the signal it is based on. If this hap-
pens, the winner is said to be “cursed,” and below-normal profits, even
losses and bankruptcies, can result.

Kagel traces through the history and early reporting of the winner’s
curse in auctions and in other markets. It is important to recognize that
the winner’s curse is not a theoretical, equilibrium concept or result but
rather is a hypothetical empirical phenomenon, indicating that bidders
do not properly account for receiving private signals in the bidding
process. Kagel discusses the considerable evidence of the curse, focus-
ing on that of sealed bid auctions. He also examines alternative hypoth-



6 Meyer

eses for explaining the overly aggressive bidding behavior such as
limited liability for losses. Auction experience is found to be an impor-
tant learning variable, as inexperienced bidders are generally most sus-
ceptible to the curse.

Kagel then looks for the winner’s curse in the context of English
auctions and first price auctions with insider information. These market
types were selected because they are environments that may eliminate
or at least sharply reduce the winner’s curse effect. Kagel compares the
data results in these markets with earlier findings of sealed bid auc-
tions. He concludes that evidence for the winner’s curse is present in
these markets, although the magnitude seems to be less severe.

Chapter 5 is “Sharing High Risks: How Government can make
Health Insurance Markets more Efficient and more Accessible,” by
Katherine Swartz. In this chapter Swartz looks at the characteristics of
those in the economy who are without health insurance and then sug-
gests how to make these health insurance markets more accessible and
more efficient. Recall from earlier discussion that the typical decision
maker in our economy is risk averse and desires insurance to help
reduce the risk of undesirable events. To be without health insurance is
not only bad for the uninsured individual but for the general economy
as well.

Swartz begins by describing the traits of the uninsured, including
that of age, income, labor force status, and health status. The typical
uninsured person is young, has low income, is working, and is in good
health. She goes on to examine the insurance company or seller side of
the market. Health insurance markets can be divided into three differ-
ent types: large employer group, small group, and individual. The
small group and individual markets significantly differ from the large
employer group, and this difference is critical for the occurrence of the
uninsured.

The small and individual markets suffer from what is known in the
risk literature as the adverse selection problem. The pool of people
seeking health insurance is comprised of those who are at higher risk
for illness, disease, and sizable medical bills, and those that are of
lower risk. The insurance applicant generally knows much more about
the size of this risk than does the insurance company. Insurance compa-
nies fear that those applying for coverage are disproportionately com-
posed of the high risk or high cost group. This can lead to significant
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losses for the insurance companies. This forces companies, Swartz
suggests, to compete for the lower risk or relatively healthy individu-
als, and the high risk or sickly people subsequently get left out and tend
to be uninsured.

Swartz proposes that the government should step in and cover the
2-3 percent of insured cases with the highest medical costs. This
extreme cost segment makes up a large fraction of the costs paid out by
insurance companies. By taking these cases over, the government frees
up resources expended by insurance companies to try to screen out the
cases expected to be high cost. This, Swartz argues, will enhance over-
all insurance market efficiency and also accessibility for those seeking
health insurance coverage. She models her plan after a recently devel-
oped and implemented plan in New York state.

The sixth and final chapter is by Rulon D. Pope and is entitled
“Risk and Agriculture: Some Issues and Evidence.” Adverse weather,
disease, and damaging insect pests are just some of the risks farmers
face during growing season that could result in uncertain crop yields.
Product price is also risky, as many agricultural markets are atomistic
in nature and crop prices are subject to changing market supply and
demand conditions. In his chapter, Pope highlights some central con-
cepts pertaining to risk in agriculture.

One of Pope’s primary concepts of interest is that of diversification
as a response to risk. Diversification can be accomplished in a number
of ways; for example, crop diversification, area diversification, or the
diversification of labor income away from the farm. Pope also looks at
risk reduction and input usage. He discusses hedging and forward mar-
kets as a means of risk reduction. All of these actions are consistent
with farmers who exhibit risk aversion, and Pope cites empirical evi-
dence in support of this position. Finally, food safety is addressed as a
concern to both farmers and consumers alike.

Part of Pope’s analysis is devoted to government support programs
and crop insurance. The government programs have not proven to be
financially successful, because there is generally not enough money
collected in insurance premiums to cover the crop loss payments. Two
problems—adverse selection and moral hazard—can help explain why
the government may have financial difficulty. Katherine Swartz dis-
cusses in Chapter 5 the adverse selection problem as it pertains to
health insurance markets, which applies here as well. Moral hazard is
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the idea that farmers may take fewer precautions to avoid risk when
they hold insurance than when they do not. This can result in more crop
losses than expected and more payouts by the government.

The six chapters in this book look at a broad array of research relat-
ing to risk. The authors convey much information about risk as it per-
tains to the various markets that they address. A comprehensive list of
references accompanies each chapter to guide the interested reader
who wants to pursue some particular facet in more detail. Learning
more about what risk is and how it affects us reduces some of the
uncertainty in life that we all face, and then helps us make more
informed decisions. We will never be able to eliminate all the risk that
we can potentially encounter, but we can strive to better understand the
risks involved and then deal with them in the best light possible.



1
Risk and Risk Management

Basic Concepts

Keith J. Crocker
University of Michigan Business School

“This has got to be the worst day of my life,” observed William
Clay Ford Jr., Ford Motor Company Chairman, as he contemplated the
February 1999 natural gas explosion in boiler number six that had just
leveled part of the River Rouge powerhouse in Detroit, Michigan. The
disaster killed 6 people and seriously injured 14, and cut off power to
the 1,100 acre facility.

While Ford Jr.’s remarks were directed toward the human dimen-
sion of the tragedy, from a corporate standpoint the prognosis must
have appeared equally sobering. The Rouge complex powerhouse—the
centerpiece of Henry Ford’s dream of building entire cars in a single
location—had supplied electricity, compressed air, mill water, and
steam to six assembly and parts plants employing 10,000 workers, and
also to the independently owned Rouge Steel plant. Although an engi-
neering marvel of its time, the concentration of production at River
Rouge had precipitated a risk manager’s worst nightmare, as the effects
of the integrated plant’s shutdown rippled through Ford’s internal sup-
ply network.

First hit was Rouge’s own Mustang assembly plant, which had
been working overtime with two 10-hour shifts daily cranking out the
popular sports compact. Next came Rouge’s metal stamping plant, sup-
plying metal parts (fenders and similar products) to 16 of Ford’s 20
North American plants. Results were predictable. Shifts were cut from
8 hours to 4 hours at three Midwest assembly plants, and lost produc-
tion at Rouge’s frame plant resulted in the elimination of scheduled
overtime at truck plants in Kansas City, Missouri; Norfolk, Virginia;
and Oakville, Ontario.
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Even at these reduced levels, production was supported only by the
buffers of existing inventories and supplies in transit that, once
exhausted, would necessitate plant shutdowns. And a previously
planned $240 million replacement powerhouse would not be com-
pleted for at least a year (Financial Times 1999).

Risk is endemic to our personal, as well as professional, experi-
ences. Every time we decide to cross the street or ascend the stairs in
our homes, we are making personal decisions involving risks and their
management. How we handle these situations has an important impact
on the quality (and, in many cases, the length!) of our lives.

WHAT IS RISK?

Webster’s dictionary defines risk as “the chance of injury, damage,
or loss.” Unlike, say, a portfolio of stocks, which has a potential for
gain, risks present only a down side. A risk is a chance of something
bad occurring and, hence, to be avoided. Of course, even bad things
can provide a profit opportunity to somebody—the city taxes me to
haul away my garbage, thereby providing employment, and the “Orkin
Man” is happy to fumigate my house, for a fee. But | do not generally
bring home extra garbage or encourage termites to infest my house.
Nor do sensible people seek out risk. However, risk can be managed.
This chapter lays out the key elements of risk management: identifica-
tion and quantification, mitigation and control, financing, and catastro-
phe planning.

IDENTIFICATION AND QUANTIFICATION

Given that risks are endemic in our uncertain world, adopting
appropriate strategies to deal with risk exposures and their conse-
guences is an everyday task. Consider the case of the pedestrian con-
templating crossing a busy street. The first step is to identify the risk
(speeding automobiles with distracted drivers chatting on cell phones?)
and to quantify its magnitude (scrapes? bruises? broken bones? fatali-
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ties?). This mundane task is the critical point of departure for one craft-
ing a risk management strategy—remember the old aphorism that
“forewarned is forearmed,” which is probably the best piece of cheap
advice that a risk manager can give.

In the business setting, many kinds of risk are identifiable, even to
the most uninitiated. Dangerous machinery or exposed electrical wir-
ing in a factory setting, or slippery floors in an office or retail establish-
ment (squashed grapes on the floor are a grocer’s nightmare) are
obvious examples. Other types of risk exposures may be less apparent
and discernible only to those with experience in a particular area of risk
analysis. Much as standing under a tree during a thunderstorm may
seem reasonable to those unfamiliar with lightning, risk exposures may
not be apparent to an untrained eye.

In the case of the Ford Rouge power plant, for example, there were
certainly engineering advantages associated with the consolidation of
production of the electricity, steam, and high-pressure air required by
the entire Rouge complex. But the risks of this approach also turned
out to be substantial, as the events of February 1999 attest.

Perhaps the most insidious risks facing businesses these days,
however, come from evolving legal rules, as we have observed in the
case of environmental liability and asbestos exposure. The Compre-
hensive Environmental Response, Compensation and Liability Act, the
1980 Superfund hazardous substance clean-up legislation, introduced
strict liability that may involve several entities jointly for cleaning up
hazardous waste sites. As a consequence of this new legal reality, a
business could have been in full compliance with all applicable laws at
the time of the waste disposal, or simply be the current owner of an
existing site, yet still be strictly liable for the costs of clean-up. Even
partial contributors to the site are fully liable for the entire cost of
clean-up, due to joint and several liability,? leading to the predictable
prospecting for “deep pockets” by enterprising tort attorneys. These
liabilities also may be inherited, which makes mergers and acquisitions
problematic these days.

Asbestos exposure also provides an instructive example. Fifty
years ago, most people had little understanding of the health risks asso-
ciated with airborne asbestos fibers in the workplace, and exposure
standards reflected this. Over time, however, it became increasingly
clear that asbestosis (a close cousin of the black lung disease suffered
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by coal miners) and mesothelioma (an untreatable cancer of the lung or
stomach lining that is both swift and invariably fatal) were associated
with workplace exposures. The result has been an explosion of litiga-
tion (estimated potential: 1.3 to 3.1 million claims) with expected
asbestos liabilities of $200 billion, of which $78 billion will be borne
by the affected companies and the rest by their insurers (Parloff 2002).

Litigation has already destroyed the primary producers of ashes-
tos—Johns-Manville, Unarco, and Raybestos Manhattan all declared
bankruptcy long ago—and has moved on to bankrupt companies that
merely purchased asbestos products, including Babcock & Wilcox,
Owens Corning, GAF, and W.R. Grace. Currently in the crosshair of
asbestos litigation are Georgia-Pacific (involving gypsum products),
3M (for allegedly failing to warn that the dust masks wouldn’t work if
improperly used), and Ford (for exposures related to the ashestos used
in brakes). Federal-Mogul Corp., an automotive supplier, recently
sought Chapter 11 bankruptcy protection because of an asbestos liabil-
ity inherited from its 1998 acquisition of T&N PLC of Manchester,
England, a company that had used asbestos in a separate building sup-
plies business. At the time of the acquisition, Federal-Mogul set aside
$2.1 billion in cash to cover the anticipated claims, a sum that in retro-
spect seems to have been nowhere near enough.

Daniel S. Sobczynki, the former Director of Corporate Insurance
for Ford, put it best: “The highest potential risks are those that are uni-
dentified and unmanaged. It is critical to evaluate your risks and to
learn from the lessons of others,” he says. “The problem of learning
from personal experience is that it gives you the lesson after the test
has been administered” (Financial Times 1999).

MITIGATION AND CONTROL

After the risk exposure has been assessed, the next step is to con-
sider how one deals with it. Continuing with our street-crossing exam-
ple, one possibility would be to avoid the risk entirely and not cross the
street at all (a wise strategy if the road in question were, say, Interstate
94 at rush hour). Alternatively, if we decide to proceed, the question
might be the following: do we jaywalk and cross the street now, or
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stroll down to the traffic signal and wait for the green light? Each of
these alternatives represents an economic decision, weighing the cost
of the strategy against the potential benefits.

Generically, mitigating a risk exposure entails the identification of
tactics either to reduce the probability of a bad outcome, or to reduce
the magnitude of a loss, should a bad outcome occur. The former types
of activities, referred to as loss prevention measures, would include the
cross-at-the-intersection option discussed above, or, in a more mun-
dane industrial setting, the inspection of electrical wiring to reduce the
probability of an electrical fire. Indeed, most of the risk mitigation
strategies that come easily to mind are designed to keep us out of trou-
ble in the first place—don’t put the gasoline can next to the furnace,
don’t smoke in bed, lock your doors before you retire for the night.
Loss reduction, on the other hand, describes the class of risk mitigation
activities designed to reduce the magnitude of a loss, should one occur.
The standard example here would be the installation of sprinklers in a
warehouse, which doesn’t reduce the probability of a fire starting but,
rather, mitigates the damages that result from the fire.

The explosion of boiler number six at the River Rouge powerhouse
occurred during a maintenance shutdown. As far as can be determined,
a valve unintentionally left open allowed natural gas to flow into the
boiler, which was quickly ignited by the electrostatic scrubbers located
in the boiler’s chimney.

In retrospect, it appears that the tragedy stemmed from a lack of
attention paid to issues of risk mitigation during routine episodes of
maintenance. Not only was the act of shutting down the boilers rare,
but apparently there were no written procedures or checklists to guide
the process. Employees who had not been trained in shutting off the
boilers and who had last received an equipment manual in 1997, had to
shut off over 30 (unlabeled) natural gas valves throughout the power-
house complex. They missed one, and the rest is history.

We make trade-offs in our personal and business lives between the
burden of risk exposure and the cost of risk mitigation. Financing the
costs associated with a bad outcome becomes the question. In personal
settings, the risk financing strategy generally adopted is that of risk
shifting to a third party, usually an insurance company (think about the
collision and liability insurance on your car, homeowner’s insurance,
or the warranty on a new appliance). The problem with this type of risk
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transfer, though, is that it creates what is known in economics as a
“moral hazard.”

A colleague of mine kept a sailboat moored off the end of his dock
on Long Island Sound. One day, during casual conversation, | asked
about his strategy for dealing with storms and the like—as a boat
owner myself, | was aware (risk identification and quantification) of
the effects of heavy wave action on a boat banging against a dock. He
responded that he wasn’t worried because he had insurance and he
never took the boat out of the water until the end of the season. The
problem here, of course, is that if one is fully insured against a loss,
then one has no incentive to take (privately costly) actions to reduce
one’s risk exposure. Insurance companies, not surprisingly, have fig-
ured this out.

When my teen-aged son finally made enough money to purchase a
car, it turned out that the machine of his dreams was a 1994 Camaro
Z28, with a 5.7 liter V-8 engine and 270 horsepower. You might think
that no insurer in their right mind would write coverage in a situation
like this, but you would be wrong. An automobile insurer in Michigan
was willing to provide liability coverage at a finite premium. But, there
was a catch—no coverage for collision damage.? Effectively, he has a
100 percent deductible if he wraps the car around a tree.

This retained risk has “incentivized” my son to drive carefully.
This is generally the trade-off that you will find in your personal and
professional risk financing decisions—increased investment in risk
elimination reduces the premiums you pay per dollar of coverage, but
the down side is that you are exposed to more risk.

CATASTROPHE PLANNING

Accidents do happen despite the best intentions and most effective
efforts to forestall such eventualities. And the response to the bad news
is probably the most critical component of any loss reduction strategy.

In the immediate aftermath of the Rouge River powerhouse catas-
trophe, William Clay Ford Jr. dispatched his personal aide, with credit
card in hand, to track down the victims’ families and do whatever was
required to help out. The company worked with its suppliers to procure
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electrical switching equipment and to obtain portable boilers for steam.
Detroit Edison built an outdoor substation—in a week—to supply the
power necessary to get the Rouge River complex back on line. The
result was a triumph in loss reduction—a potentially catastrophic busi-
ness interruption scenario truncated to a one-week hiccup on the pro-
duction line.

There are many other examples of the importance of catastrophe
planning, good and bad. For example, back in 1986, when a still uni-
dentified individual replaced the painkiller in several bottles of Tylenol
capsules with cyanide, the result was the death of an innocent con-
sumer. Johnson & Johnson, the maker of Tylenol, didn’t attempt to
deflect blame (after all, they hadn’t adulterated the capsules) or other-
wise temporize. They immediately recalled all the capsules from store
shelves—even those that were clearly untainted—and then designed
the generation of tamper-proof containers still in use today. This is a
textbook loss-reduction strategy—timely, aggressive, and (while costly
in the short run) effective.

In contrast, consider the strategy of Johns-Manville, once the
world’s biggest producer of asbestos, which, as we noted earlier, col-
lapsed under the weight of litigation from asbestos claims in 1982.
Johns-Manville’s apparent decision to ignore the risks of asbestos
exposure to its workers, long after the evidence indicated that manage-
ment may have suspected a link between asbestos exposures in the
workplace and worker health, resulted in lives ruined and lost. The cost
to Manville and its shareholders was ultimately that of corporate bank-
ruptcy.

Dan Sobczynski offers some sound advice: “Either manage the
risk, or it will manage you,” he says, “and, when it does, the loss will
happen when you are least prepared” (Financial Times 1999).

Notes

1. Students of history will recall that Winston Churchill was almost killed by a
speeding taxi in New York City during the 1930s. Accustomed to cars driving on
the left side of the road, he looked the wrong way while crossing the street, a clear
failure in risk identification and quantification.

2. Joint and several liability means, in practice, that even a 1 percent ownership
stake in the property can lead to liability for 100 percent of the clean-up costs if
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the owners of the other 99 percent interest are financially unable to pay their
share.

3. Actually, they would provide such coverage, but at an annual premium effectively
equal to the book value of the car!
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TWO EXTRAORDINARY NONSCIENTISTS

Almost 20 years ago, | briefly knew a man by the name of Craig.
Although he died about a year after | met him, I’ve thought about him
ever since. Craig had this uncanny ability to converse with a person for
a few minutes, and then announce what make and model of car they
drove. Neither I, nor anyone | ever spoke to, had ever seen him get it
wrong. Craig was never able to explain how he did it, and his unique
ability followed him to the grave.

What Craig had perfected was an impressive skill—perhaps even
an art—nbut it was not science. It was not science because it was not a
procedure that he could verbally communicate or write down, so that
other people in other places or other times could do it also. One of the
defining features of scientific activity is that it generates a body of
knowledge and techniques that can be communicated and utilized by
others in this way.

I also knew a woman named Tula with an equally impressive abil-
ity. Tula was able to predict how well a person’s day would go, based
on the shape, size, and color of the aura they emitted in the morning.
And in contrast to Craig, she could even explain the specifics of her
method. For example, if your aura was round and blue, you would have
good luck all day. But if it was square and yellow, then you’d best go
back home and stay in bed. Tula had prepared a chart with the com-
plete relationship between properties of your aura and the upcoming
features of your day, so if you had a copy of the chart, you just needed
a daily reading of your aura. Although Tula’s success rate wasn’t per-
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fect (like Craig’s was), it still compared favorably with standard medi-
cal, meteorological, and macroeconomic predictions, and most of her
friends would stop by each morning for a quick reading of their aura,
and then go away to consult their chart.

By constructing and distributing her chart, Tula had codified and
communicated features of her technique in a way that Craig never
could. But since Tula was the only one who could see these auras, what
she was doing still was not science. An activity is not science unless it
involves techniques that others can also apply as well as variables that
others can observe.

The purpose of this chapter is to examine one of the most impor-
tant theoretical constructs of modern decision theory—namely, the
concept of states of the world or states of nature—from the point of
view of these and similar scientific considerations. Are states of nature
inherently descriptive or prescriptive objects? Do individuals making
choices under uncertainty face these states of nature, or do they create
them? Are states external and independently observable, like an indi-
vidual’s commodity demand levels, or are they internal and not directly
observable, like utility or marginal utility levels? In addressing these
questions, | will offer an overview of how researchers have sought to
represent the concept of uncertainty, from the original formulation of
probabilities and “objective uncertainty” in the seventeenth century,
through Leonard Savage’s twentieth century formulation of states of
nature and “subjective uncertainty,” to current work which seeks to
eliminate—or at least redefine—the distinction between objective and
subjective uncertainty. The following section presents some scientific
issues common to all theories of choice, whether under certainty or
uncertainty. The next two sections sketch out the current theories of
choice under objective and subjective uncertainty. After that, | address
the question of whether states of nature should be considered descrip-
tive or prescriptive constructs, and then | consider scientific issues
related to the observability and measurement of states of nature. The
final section concludes with current work on the relationship between
subjective and objective uncertainty.
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SCIENTIFIC CONSIDERATIONS IN THE THEORY
OF CHOICE

Scientific Modeling “From the Outside In”

The human decision-making process may well be one of the most
complicated systematic phenomena in the universe. In terms of the
point of view of the scientific observer, it is certainly unique. On the
one hand, a scientist trying to model this process is like an anatomist in
the days before anesthesia and vivisection—scientists can observe and
to some extent even control external influences on a system, and can
observe the resulting behavior of the system as a whole, but they can-
not “get inside” to observe its constituent parts at work. On the other
hand, every scientist is a human decision maker with powers of self-
consciousness and self-reflection. However, self-reflection of our deci-
sion-making processes has not produced that much more “hard sci-
ence” than has, say, self-reflection of our breathing or digestive
processes.

While advances in neuroscience may ultimately do for decision
theory what vivisection did for anatomy, decision theory currently
remains very much a “black box” science. Although decision theorists
can (and do) use introspection to suggest theories and hypotheses, the
rigorous science consists of specifying mutually observable indepen-
dent variables (in particular, the objects of choice available for selec-
tion), mutually observable dependent variables (the selected
alternative), and refutable hypotheses linking the two. In other words,
choice theory attempts to explain why particular alternatives are
selected from a set of available choices.

Issues of Observability

Because decision scientists cannot perform dissection, they are
subject to a greater scientific discipline than that required of anato-
mists. If a decision scientist tried to account for an individual’s pur-
chases of bananas as the direct result of something like an “appetite for
fruit,” we would not know how to test this hypothesis—that is, we
would not know how to independently “look for” such an appetite,
even if we had a scalpel and an open, anesthetized brain. Such unob-
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servable constructs like appetites, utility, and preferences can—and
do—play a role in scientific decision theory, but only as inside links in
a causal chain that ultimately starts with fully observable independent
variables and ultimately ends with fully observable dependent vari-
ables. For example, given the joint hypothesis that well-defined com-
modity preferences exist and are also stable from day to day, standard
consumer theory allows us to infer enough information about these
preferences from an individual’s past demand behavior to be able to
make refutable predictions about their future demand behavior, even
for some combinations of prices and income never before observed.

In the following sections, we shall see that in passing from choice
over certain commodity bundles to choice over uncertain prospects
(either “objective lotteries” or “subjective acts”), hypotheses involving
the unobservable constructs of commodity preferences and utility func-
tions can be replaced by hypotheses involving the unobservable con-
structs of risk preferences and beliefs, which also link observable
independent to observable dependent variables. Whether the notion of
“states of nature” can similarly serve remains to be discussed.

Issues of Classification

In order for a variable or phenomenon to satisfy the criterion of
“scientific observability,” it is not enough that more than one scientist
be able to see it—it is not even enough that a camera be able to record
it. Rather, a variable is only scientifically observable if independent
observers can agree on their description of what they have just
observed. Thus, while a scientist can photograph facial expressions,
they cannot be said to have photographed expressions of emotion
unless there is a well-defined specification of which expressions corre-
spond to each emotion, and independent observers predominantly
agree in their assignment of emotions to each photograph. In other
words, scientific observability requires well-defined and commonly
accepted classification schemes for the observations, sufficient for
grouping and comparing such observations, and relating them to gen-
eral hypotheses and theories.

Just as different types of variables can have different degrees of
observability, different classification schemes will have different
degrees of common agreement. Thus, in regular consumer theory, we
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are much more prone to classify commaodities and define preferences in
terms of category schemes like {“fruits,” “vegetables,” “grains”} com-
pared to schemes like {“delicious foods,” “filling foods,” “unpleasant
foods”}. Although the latter scheme is in some sense much more
directly connected to any given individual’s preferences than the
former scheme, the latter scheme cannot be defined independently of
the particular consumer being studied. Since foods cannot be classified
according to this latter scheme prior to observation of the consumer’s
(verbal or choice) behavior, it cannot be used as a classification scheme
for independent variables. Categories like “delicious foods,” “unpleas-
ant foods,” etc. can be defined for dependent variables, however, either
on the basis of the consumer’s verbal expressions, or on the basis of
their past purchases or consumption behavior. Thus, whether a given
classification scheme does or does not satisfy the criterion of scientific
observability may well depend upon whether the scheme is intended to
be applied to the independent variables or to the dependent variables of
a theory.

Issues of Measurability

The above example of classifying facial photographs into different
categories of emotions is an example of a qualitative classification of
the basic observations. Although qualitative categories and qualitative
variables are perfectly valid in the physical, biological, and social sci-
ences, theories and hypotheses are most powerful when they involve
guantitative independent and dependent variables. Many economists
are of the opinion that economics has a more impressive scientific
track record than anthropology because economists work with numeri-
cal variables such as prices, quantities, and income, rather than with
gualitative variables like trust, group identification, or loyalty. Most
theories and hypotheses involving quantitative independent and depen-
dent variables are easier to test, to fine tune, and if necessary, to revise,
than most theories and hypotheses involving qualitative variables.

Is uncertainty an inherently qualitative or quantitative construct? In
the following sections we shall see that one of the two primary meth-
ods of representing uncertainty—the so-called “objective approach”—
represents uncertainty quantitatively, via numerical probabilities. On
the other hand, the other primary method—the so-called “subjective
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approach”—has traditionally represented uncertainty in a qualitative
manner, via an unstructured set of states of nature. However, in the
final section of this paper, we see that taking a measurable, quantitative
approach to subjective uncertainty can enhance its power, and in many
senses can serve as an almost complete substitute for what may be con-
sidered the more ad hoc assumptions made about the world in the
objective approach.

CHOICE UNDER OBJECTIVE UNCERTAINTY

Outcomes, Probabilities, and Objective Lotteries

The earliest formal representation of uncertainty came from
founders of modern probability theory such as Pascal and Fermat. In
this approach, the uncertainty attached to any event is represented by a
numerical probability p between 0 and 1. Because probability theory
derived from the study of games of chance that involved virtually iden-
tical repeated events, such probabilities were held to be intrinsic prop-
erties of the events in the sense that an object’s mass is an intrinsic
property of the object. These probabilities could either be calculated
from the principles of combinatorics, for an event such as being dealt a
royal flush, or measured by repeated observation, for an event like a
bent coin landing heads up.

For an individual making a decision under objective uncertainty,
the objects of choice are objective lotteries of the form P =
(X1,P15--:Xm Pm)» Which yield outcome x; with objective probability p;,
where p; + ... + p,, = 1. The theory of choice under uncertainty treats
lotteries in a manner almost identical to the way it treats commodity
bundles under certainty. That is, each individual’s preferences over
such lotteries can be represented by a real-valued preference function
V(:), in the sense that for any pair of lotteries P* =(xi, p;...; Xjnser Pis)
and P = (X1,P1;---:Xm P, the individual prefers P* over P if and only if
V(P*) = v (x;, DL X D) exceeds V(P) = V(Xy,P1;-++; X Pm)s @Nd i

indifferent between' the two lotteries if and only if V(P*) =
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The Expected Utility Hypothesis

In standard consumer theory, the preference function over com-
modity bundles is typically assumed to have certain mathematical
properties but is typically not hypothesized to take any specific func-
tional form, such as the Cobb-Douglas or Constant Elasticity of Substi-
tution form. Specific functional forms are typically only used when
absolutely necessary, such as in empirical estimation, calibration, or
testing.

In contrast, the standard theory of choice under objective uncer-
tainty typically does assume (or does assume axioms sufficient to
imply) a specific functional form for the individual’s preference func-
tion over lotteries, namely the objective expected utility form
Veu(X4,Prsees X Pm) = U(X)-pg + ... + U(X,,)-py, for some von Neu-
mann-Morgenstern utility function U(:). Mathematically, the character-
istic features of this functional form are that it is additively separable in
the distinct (x;,p;) pairs, and also that it is linear in the probabilities.
The term “expected utility” arises since it can be thought of as the
mathematical expectation of the variable U(x) (the individual’s “utility
of wealth”) if wealth x has distribution P = (X4, p;;...; X, Pm)- The litera-
ture on choice under uncertainty has generated a number of theoretical
results linking the shape of the utility function to aspects of the individ-
ual’s attitudes toward risk, such as risk aversion or comparative risk
aversion for a pair of individuals. Excellent discussions of the founda-
tions and applications of expected utility theory can be found in stan-
dard graduate level microeconomic texts such as Kreps (1990, Chapter
3), Mas-Colell, Whinston, and Green (1995, Chapter 6), and Varian
(1992, Chapter 11).

Violations of the Expected Utility Hypothesis

Although the expected utility model is sometimes viewed as being
quite flexible (since the von Neumann-Morgenstern utility function
could have any shape), it does generate refutable predictions. Unfortu-
nately, there is a growing body of evidence to suggest that individuals’
preferences over lotteries tend to systematically violate some of these
predictions. Risk preferences tend to systematically depart from the
expected utility property of linearity in the probabilities. The most
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notable example of this is the well-known Allais Paradox (Allais
1953), which asks individuals to rank each of the following pairs of lot-
teries (where $1M denotes $1,000,000):

0.10 chance of $5M
a, :{ 1.00 chance of $1IM  versus a, :40.89 chance of $1M
0.01chance of $0

0.11 chance of $1M
0.89 chance of $0

3 -

{0.10 chance of $5M

0.90 chance of $0 0o a4:{

Experiments by Allais and others have found that the modal (and in
some studies, the majority) choices are for a; over a, in the first pair,
and a; over a, in the second pair. However, a preference for a, in the
first pair implies that the utility function satisfies the inequality
0.11-U($1M) > 0.10-U($5M) + 0.01-U($0), whereas a preference for a;
in the second pair implies 0.11-U($1M) < 0.10-U($5M) + 0.01-U($0),
which is a contradiction.

Although the Allais Paradox was originally dismissed as an iso-
lated example, subsequent work by MacCrimmon and Larsson (1979),
Kahneman and Tversky (1979), and others have uncovered a qualita-
tively similar pattern of departure from the expected utility hypothesis
of linearity in the probabilities, over a large range of probability and
payoff values (see Machina 1983, 1987 for surveys of this evidence).

NON-EXPECTED UTILITY MODELS OF RISK
PREFERENCES

Responses to the above-mentioned violations of the expected util-
ity hypothesis have taken two forms. One branch of the literature has
proceeded by positing more general functional forms for the preference
function (Edwards 1955, 1962; Kahneman and Tversky 1979; Chew
1983; Fishburn 1983; Quiggin 1982; and Yaari 1987). Such forms
accommodate most of the observed departures from linearity in the
probabilities, and, given the appropriate curvature assumptions, can
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also exhibit standard features like risk aversion, comparative risk aver-
sion, etc.

A second line of work in non-expected utility theory proceeds in a
manner closer to that of standard consumer theory—rather than adopt-
ing some new functional form, it generalizes the expected utility prop-
erty of linearity in the probabilities to its natural extension of
smoothness in the probabilities (e.g., Machina 1982). That is, it treats
the preference function V(x,,p,;...;X.P,) a@s a general smooth function,
and studies how properties of its probability derivatives relate to atti-
tudes toward risk. This approach finds that much of expected utility the-
ory is analytically robust to departures from linearity in the
probabilities.?

CHOICE UNDER SUBJECTIVE UNCERTAINTY

States, Events, Outcomes, and Acts

From a mathematical perspective, the representation of uncertainty
by means of additive, numerical probabilities allows us to apply the
tremendous body of analytical results of modern probability theory
(e.g., Feller 1968, 1971, Billingsley 1986). But from a modeling per-
spective, the assumption that uncertainty comes prepackaged with
well-defined, measurable “objective” probabilities is unrealistic. Out-
side of the gambling hall, most economic decisions and transactions
involving uncertainty—investment decisions, search decisions, insur-
ance contracts, financial instruments—are defined in terms of uncer-
tain events rather than numerical probabilities.

This approach to representing uncertainty and uncertain pros-
pects—formalized by Savage (1954) and now known as the subjective
approach—involves the following basic constructs:

X ={.,x, ..} an arbitrary space of outcomes or conse-
quences.
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S={.,5s, ..} a space of mutually exclusive and
exhaustive states of nature, representing
all possible alternative unfoldings of the
world.

E={.E .} an algebra of events, each a subset of S.

f() =[x onEg;...; x,on E,] subjective act yielding outcome X; in
event E;, for some partition {E;,...,.E} of
S (or equivalently, yielding outcome f(s)

in state s).
A={..f()..} the set of all such subjective acts.
W(-) and >~ the individual’s preference function and

corresponding preference
relation over A.

A wonderful example of the use of this framework to represent an
uncertain decision was provided by Savage (1954, pp. 13-15): Say you
are making omelets and have already broken five of your six eggs into
a mixing bowl. The decision you must make is: Do you break the sixth
egg? The uncertainty arises from the fact that this sixth egg has been
around for some time and might be rotten. You can either break this
egg into the bowl with the other eggs, break it into a separate saucer to
inspect it, or throw it away unbroken. Savage represents this problem
in terms of states, acts, and outcomes by means of the following table:

State
Act Egg is good Egg is rotten
Break into bowl Six-egg omelet No omelet, and five good
eggs destroyed
Break into saucer  Six-egg omelet, and Five-egg omelet, and
a saucer to wash a saucer to wash
Throw away Five-egg omelet, and Five-egg omelet

one good egg destroyed

The Hypothesis of Probabilistic Sophistication

Although the subjective approach drops the assumption that uncer-
tainty is defined in terms of numerical probabilities, it still allows for
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individuals to possess probabilistic beliefs, with the feature that such
beliefs may now differ across individuals. Formally, an individual is
said to be probabilistically sophisticated, with a subjective (or per-
sonal) probability measure z(-) over the events E, if their preference
function W(-) over subjective acts takes the form

Wps(f()) = Wpg(Xy 0N By .oi Xy 0N Ep) = V(Xy, #(Ey); s X i(Epn))

for some (not necessarily expected utility) preference function V(P) =
V(X1,P1;-- X Pr) OVer lotteries. That is to say, an individual is proba-
bilistically sophisticated if their uncertain beliefs can be completely
summarized by a subjective probability «(E) attached to each event E,
and the individual evaluates each subjective act f(-) = [x; on Ej;...;X,
on E,] solely on the basis of its implied probability distribution
(Xq, U(Eq);-.s X tU(E ) OVer outcomes. This representation of Wpg(-) as
the composition of a preference function V() over lotteries and a sub-
jective probability measure u(-) over events is now referred to as the
classical separation of risk preferences from beliefs.

Violations of the Hypothesis of Probabilistic Sophistication

Savage’s (1954) joint axiomatization of expected utility risk pref-
erences and probabilistic beliefs, employing an expected utility func-
tion for the risk preference function, has been justly termed “the
crowning glory of choice theory” (Kreps 1988, p.120). However, the
violations of expected utility first observed by Allais were soon
matched by violations of probabilistic sophistication, even in situations
involving the simplest forms of subjective uncertainty. The most
famous of these examples, known as the Ellsberg Paradox (Ellsberg
1961, 2001), involves drawing a ball from an urn containing 30 red
balls and 60 black or yellow balls in an unknown proportion. The fol-
lowing table illustrates four subjective acts defined over the color of
the drawn ball, when the entries in the table are payoffs or outcomes:
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30 balls 60 balls
red black yellow
f1() $100 $0 $0
f2() $0 $100 $0
fs() $100 $0 $100
fa() $0 $100 $100

When faced with these choices, most subjects prefer act f,(-) over f,(-),
on the grounds that the probability of winning $100 in f,(-) is guaran-
teed to be 1/3, whereas in f,(-) it could range anywhere from 0 to 2/3.
Similarly, most subjects prefer f,(-) over f4(-), on the grounds that the
probability of winning $100 in f,(-) is guaranteed to be 2/3, whereas in
f4(-) it could range anywhere from 1/3 to 1. Although this reasoning
may well be sound, it is inconsistent with the hypothesis of probabilis-
tic beliefs. That is, there is no triple of subjective probabilities {«(red),
u(black), u(yellow)} that can simultaneously generate a preference for
f1(-) over f,(-) and for f ,(-) over f4(-), since a probabilistically sophisti-
cated individual would only exhibit the former ranking when u(red) >
(black), and only exhibit the latter ranking when g(red) < u(black).

Ellsberg also presented what many feel to be an even more fatal
example, involving two urns:

50 balls 50 balls 100 balls
red black red black
9:(") $100 $0 95() $100 $0
9,(") $0 $100 4(") $0 $100

In this example, most subjects are indifferent between g,(-) and g,(-),
are indifferent between g,(-) and g,(-), but strictly prefer either of g,(-)
or g,(-) to either of g5() or g,(-). It is straightforward to verify that there
exist no pair of subjective probabilities {«(red), x(black)} for the right-
hand urn—50:50 or otherwise—that can generate this set of preference
rankings. Such examples illustrate the fact that in situations (even sim-
ple situations) where some events come with probabilistic information
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and some events (termed ambiguous events) do not, subjective proba-
bilities do not always suffice to fully encode all aspects of an individ-
ual’s uncertain beliefs. Since most real-world events do not come with
such probabilistic information, Ellsberg’s Paradoxes and related phe-
nomenon deal a serious blow to the hypothesis of probabilistic sophis-
tication.

Non-probabilistically Sophisticated Models of Risk
Preferences and Beliefs

Just as the Allais Paradox and similar evidence led to the develop-
ment of non-expected utility models of risk preferences, Ellsberg’s
Paradoxes and similar phenomena have inspired the development of
non-probabilistic models of preferences over subjectively uncertain
acts. Such work has also progressed along two lines. One line replaces
the subjective expected utility function with more general functional
forms.2

The second line of research on non-probabilistic models treats
W(x, on Ej; ...; X, on E,;) as a general smooth function of the events E;,
..., Ey, @and show how properties of W(-)’s event-derivatives relate to
features of both beliefs and attitudes toward risk, again taking expected
utility as its base case. Appendix 2A presents mathematical features of
this line of research.

ARE STATES OF NATURE PRESCRIPTIVE OR
DESCRIPTIVE?

The second section in this chapter argued that the scientific suit-
ability of a particular theoretical construct—in that case it was a partic-
ular classification scheme for food—could depend on whether the
construct was meant to be applied to the independent variables of a the-
ory or its dependent variables. This section addresses a similar issue,
namely that certain criteria for suitable specification of the states of
nature can depend upon whether the states are to be used for positive
(that is, descriptive) versus normative (that is, prescriptive) purposes.
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Since its inception, expected utility theory has always straddled the
boundary between being a descriptive and a prescriptive model of deci-
sion making under uncertainty. Even its original presentation by Ber-
noulli (1738) as a “solution” to the St. Petersburg Paradox can be
alternatively interpreted as either a description of why people don’t
assign an infinite certainty equivalent to the Petersburg Game, or a pre-
scription for why an individual shouldn’t assign an infinite certainty
equivalent to the game. Two centuries later, proponents of objective
expected utility theory defended it against the Allais Paradox by shift-
ing their emphasis from the alleged descriptive power of the theory to
its alleged normative power.

The same points can be made about the particular component of
subjective expected utility theory that forms the central topic of this
chapter—namely the notion of states of nature. It is one thing to assert
that the states of nature approach offers a useful normative framework
for decision making. It is quite a different thing to assert that, for the
most part, this is how individuals actually do go about making deci-
sions in the absence of probabilistic information. We shall consider
each of these two domains in turn—in each case, with the goal of iden-
tifying the proper scientific criteria for states.

Criteria for Normative Applications

Savage’s omelet example effectively shows how representing
nature’s underlying uncertainty by a set of “states,” then representing
one’s alterative courses of action as “acts” that map these states into
their respective consequences, can serve to organize a decision prob-
lem and make it easier to see exactly how one’s beliefs (the state likeli-
hoods) and risk preferences should enter into the problem. For proper
normative application, this first step—namely, the specification of the
states—must satisfy three properties:

1) The alternative states must be mutually exclusive—that is, no two
distinct states can simultaneously occur. Thus, it would not have
been correct to list “egg is rotten” and “five-egg omelet” as two
distinct states, since is it possible that these could simultaneously
occur.
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2) The family of states must be exhaustive—that is, whatever hap-

pens, at least one of the states can be said to have occurred.
Although it is at the same logical level as the previous criterion
(mutual exclusivity), the exhaustiveness criterion is much more
difficult—and some would argue, actually impossible—to guar-
antee in practice. For example, if you cracked the sixth egg into
the bowl and found that it was actually hollow, then neither of the
two states in the Savage table could be said to have occurred,
since neither of the first-row consequences would be realized
(you would not have a six-egg omelet, nor would you have
destroyed the other five eggs). When the decision maker has rea-
son to “expect the unexpected,” the exhaustivity requirement
cannot necessarily be achieved, and the best one can do is spec-
ify a final, catch-all state, with a label like “none of the above,”
and a very ill-defined consequence.

3) The states must represent nature’s exogenous uncertainty, so their

likelihoods cannot be affected by the individual’s choice of act.
This issue can be illustrated by a simple example involving the
decision whether or not to install a lightning rod on one’s house.
Naturally, the relevant occurrences are the two mutually exclu-
sive results {“house burns down,” “house doesn’t burn down”}.
But since installing a lightning rod will clearly alter the respec-
tive likelihoods of these occurrences, can we really specify states
of nature that are independent of the decision maker’s action?
The answer is illustrated in the following table, which makes it
clear that “house burns down” and “house doesn’t burn down”
are not the states at all, but rather, part of the consequences, and
clarifies that the effect of installing a lightning rod—as with any
subjective act—is the outcome of an interaction between the act
and an exogenous state of nature.

State
Big lightning Small lightning No lightning
Act strike strike strike
Lightning House burns down, House doesn’t House doesn’t burn,
rod paid for rod burn, paid for rod  paid for rod

No lightning  House burns down, House burns down, House doesn’t burn,

rod

didn’t pay for rod didn’t pay forrod didn’t pay for rod
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Do Decision Makers See the State Space or Do They Construct
the State Space?

Is an individual who uses states of nature in normative decision
making working with exogenous objects that they observe, or with
endogenous objects that they construct? In one sense, this question is
either subsidiary to, or equivalent to, the question of whether they are
selecting from a menu of alternatives (subjective acts) that they
observe as being available to them, or from a menu of alternatives that
they have thought up or devised. Viewed in this larger sense, the ques-
tion of whether the alternatives are observed or constructed is seen to
have nothing to do with whether the choice happens to involve uncer-
tainty at all, and indeed, the question may be equivalent to the classic
question of whether Alexander Graham Bell discovered the idea for a
telephone or invented this idea. In any case, | cannot derive any impli-
cations of this issue that pertain to the use of states of nature for norma-
tive purposes.

ISSUES OF OBSERVABILITY, CLASSIFICATION, AND
MEASUREMENT

Independent Observability and the Exogeneity of States

Although the question of whether states are “exogenous and
observed” versus “endogenous and constructed” does not seem to mat-
ter in a context of normative decision making, it matters a great deal for
their relevance in descriptive science, for the types of reasons dis-
cussed in the “Scientific Considerations in the Theory of Choice” sec-
tion. There we argued that economics had made greater scientific
achievements than, say, anthropology because variables like prices and
income were easier to measure than variables like trust or group identi-
fication. But if for some reason it should turn out that the full price of
apples only exists in the eye the consumer and is not independently
observable, then this advantage is lost. This might be the case if the
acquisition of a commaodity involves a time cost, set-up cost, or trans-
action cost that is observable to the consumer, but not to the outside
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observer. Note that an inability to observe the true price—an indepen-
dent variable—poses scientific problems even if we can still observe
the exact amount purchased—the dependent variable—since it
impedes our ability to observe the relationship between the two (the
true demand function).

In the context of choice under uncertainty, such a problem would
arise whenever the state space used by the decision maker did not cor-
respond to the state space hypothesized by the scientific observer. In
some sense, this is less likely to happen if the states are exogenous
objects that are observed than if they are endogenous objects that must
be constructed. But even in the former case, there is the possibility that
the decision maker observes either a finer or a coarser set of states than
does the scientist. Ultimately, the question reduces the scientist’s abil-
ity to view the set of actions available to the decision maker—the left-
hand columns in the above decision tables—and correctly predict the
decision maker’s specification (be it an observation or construction) of
both the upper row and cell entries. Where this can and cannot be done
is an empirical question.

Ex Ante Observability versus Ex Post Observability of States

Distinct from the question of whether the scientist can observe the
set of states used by the decision maker is the question of whether the
scientist can observe the realized state, or exactly when the scientist
can observe the realized state. For example, in the case of choice under
certainty—say, the demand for apples—it is clearly more important to
be able to observe the price of apples that the consumer actually faces
upon arriving at the supermarket, than to know the consumer’s prior
expectations of what this price might to be. But interestingly enough,
for choice under uncertainty, the ability to observe the state space
before the fact is of much greater importance than the ability to observe
the realized state. The reason is that choice under uncertainty is by def-
inition ex ante, and only depends upon ex ante features of the decision
problem, namely the state space and the set of available subjective acts
over this space. A scientist who correctly gleans the decision maker’s
formulation of these concepts, who knows his beliefs over the likeli-
hoods of the states, and who knows his attitudes toward risk, will be
able to correctly predict his decision—a decision that by definition
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must be made before, and hence cannot be influenced by, the actual
realization of the state. In both the omelet and the lightning rod exam-
ples, ex post knowledge of the realized state is of no further predictive
use for the scientist, except for possible future decisions, via its effect
on the specification of a state space for some subsequent decision, and/
or likelihood beliefs over this space.

Issues of Classification and Measurement

Are qualitative state spaces likely to be more or less subject to the
above types of observability issues than quantitative state spaces? As
the example of the unobserved apple price illustrates, even real-valued
independent variables—real-valued commodity prices or real-valued
states of nature—are subject to these issues in principle. On the other
hand, decisions where the state space is more naturally quantitative are
probably less subject to these specification difficulties than decisions
where the state space is more naturally qualitative. For example, com-
pare the uncertainty related to investing in a domestic farming com-
pany compared to the uncertainty related to investing in a similar
company located in a politically unstable foreign country. In the former
case, the state space probably only has few dimensions, all of which
are quantitative: the average temperature over the growing season, the
average rainfall over the season, and average output prices at harvest.
In the latter case, the most significant sources of uncertainty may be
subjective—the particular political party that comes to power and its
subsequent choice of expropriation policy. There is every reason to
think that the scientist will do a much better job of modeling the deci-
sion maker’s problem formulation in the first case than in the second
case. Indeed, in the following section we shall see that measurable, as
opposed to qualitative, state spaces can actually serve to bring some
mathematical structure of objective uncertainty into a purely subjective
setting.
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ISSUES OF STRUCTURE: ALMOST-OBJECTIVE
UNCERTAINTY

As noted, an important feature of objective uncertainty is that it
allows us to apply the analytical tools of probability theory, such as
combinatorics, the Central Limit Theorem, the Law of Large Numbers,
and Chebyshev’s Inequality. Furthermore, since objective probabilities
are part of the objects of choice themselves, these types of results can
be invoked independently of, and prior to, any knowledge of the indi-
vidual’s attitude toward risk. Thus, for example, the conditions under
which the sum of two independent objective lotteries will have the
same distribution as (and thus presumably be indifferent to) some third
lottery will be the same for all individuals. Such results have the same
character as arbitrage results in portfolio theory, which hold indepen-
dently of risk preferences and hence yield extremely powerful results.

But in some sense, this strength of the objective framework is also
its greatest weakness: it imposes too much uniformity of beliefs across
individuals, and in many cases, too much structure on each individual’s
own beliefs. In contrast with preferences over objective lotteries, pref-
erences over real-world subjective prospects are subject to the follow-
ing three phenomena:

1) Individuals may have different subjective likelihoods for the
same event (diverse beliefs).

2) Individuals’ beliefs may not be representable by probabilities at
all, with some (or all) events being considered ambiguous
(absence of probabilistic sophistication).

3) Individuals’ outcome preferences may depend upon the source of
uncertainty itself (outcome preferences may be state-dependent).

Nevertheless, it turns out that if the state space has a Euclidean struc-
ture and preferences are smooth in the events in the sense described in
Appendix 2A, then features of “objective” uncertainty will emerge
even in a purely subjective setting. In Appendix 2B, we sketch out the
intuition of these results—readers wishing a formal development are
referred to Machina (2001).
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We can summarize the scientific implications of almost-objective
uncertainty as follows: In the more traditional approach to uncertainty
(e.g., Anscombe and Aumann 1963), the world presented two qualita-
tively different types of uncertainty: uncertain processes (such as per-
fectly balanced roulette wheels) that only generated idealized, purely
objective events for which all agents held common beliefs and probabi-
listically sophisticated betting preferences; and uncertain processes
(such as tomorrow’s temperature or rainfall level) that only generated
purely subjective events, where individuals typically differed in their
likelihood beliefs, or had no likelihood beliefs, and could be state-
dependent. On the other hand, according to the concepts presented in
Appendix 2B, once a purely subjective state space is given a Euclidean
structure and preferences are assumed to be smooth in the events, there
exist events that arbitrarily closely approximate all the properties of
classical “objective events” for all decision makers, in spite of any
interpersonal differences in beliefs, lack of probabilistic sophistication,
or state-dependence. Furthermore, once standard *“objective randomiz-
ing devices” are reexamined, they are seen to depend precisely on these
type of “almost-objective events.”

Given the traditional (e.g., Savage 1954) approach of positing an
almost completely unrestricted subjective state space and no event-
smoothness, the “Euclidean state space + event-smoothness” approach
advocated in the previous paragraph might seem overly strong. But in
fact, it is well within standard economic practice. Standard consumer
theory under certainty requires no structure at all on a family of objects
of choice in order to axiomatize an ordinal utility function over these
objects. Debreu’s (1954) original topological assumptions were later
shown to be unnecessary by Kreps (1988, pp. 25-26). But the work-
horse concepts of competitive prices, marginal rates of substitution,
demand functions, and the Slutsky equation do not emerge until we
assume a Euclidean structure for these objects (vector “commodity
bundles” and a Euclidean “commodity space”) and/or smooth prefer-
ences over this space. Under uncertainty, restricting ourselves to a
Euclidean state space amounts to nothing more than restricting our-
selves to subjective uncertainty that appears in the form of random
variables (such as temperature or random prices). And for the types of
reasons discussed earlier in this chapter, real- or vector-valued states of
nature are much more likely to be commonly observable and com-
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monly measurable than are states of nature that are elements of some
more abstract space.

Just as science in general has progressed most rapidly when it has
been able to quantify and measure the natural world, research in uncer-
tain preferences and beliefs will further progress most rapidly to the
extent we are able to quantify and measure the objects we call “states
of nature” or “states of the world.”

Notes

I would like to thank Ted Groves, Donald Meyer, and Joel Sobel for helpful comments.
This material is based upon work supported by the National Science Foundation under
Grant No. 9870894. All opinions and errors are my own.

1. If the outcomes x describe monetary payoffs, then the standard monotonicity
assumptions are that V(Xq,Pq;...; Xm Pm) 1S increasing in each of the variables
Xy, X, @nd also increasing whenever pj is increased at the expense of p; for some
pair of outcomes X; > x; (that is, whenever probability mass is shifted from a lower
to a higher outcome).

2. For example, an expected utility preference function U(x,)-p; + ... + U(X,) Pr
will be risk averse if and only if its coefficient with respect to prob(x) (that is, the
value U(x)) is a concave function of wealth. Correspondingly, a non-expected
utility preference function V(P) = V(X{, P1;...:Xm: Pr) Will be risk averse if and only
if its partial derivative with respect to prob(x) (that is, the value oV(P)/oprob(x))
is a concave function of wealth.

3. Such as the Choquet expected utility form

Wehogquet (X1 0N Eg; ... Xm ONEpy) = Z:ilu(xi)'[c(Elu--‘UEi)_C(EIUmUEi—l)]

for some utility function U(-) and capacity (monotonic non-additive measure)
C(-), where the outcomes are labeled so that x; < ... < x,, (e.g., Gilboa 1987;
Schmeidler 1989; Wakker 1989, 1990; Gilboa and Schmeidler 1994), or the
maxmin expected utility form

Winaxmin(X 00 Eg;...;%m on Epy) = min KUf(s)-du(s) = min MU (%) - a-(Eq)
7eT 7eT
for some utility function U(-) and family {,uT (~)|T€ T} of probability measures on

S (e.g., Gérdenfors and Sahlin 1982, 1983; Cohen and Jaffray 1985; Gilboa and
Schmeidler 1989).






Appendix 2A

Properties of the Smooth Function Approach to
Non-probabilistically Sophisticated Models

This approach starts by equivalently reexpressing each act f(-) =[x, on Ey;
.o XponEglinthe form f(-)=[...;xon f*(x); ...]=[...; xon E; ...], as x rang-
es over all possible outcomes X€ x. The preference functions Wgg,(-) and
Wgpeu(+) can then be expressed in the event-additive forms

Weey (X ONE,;...) Yie yP«(E,) where @, (E) %ty (x)- u(E)

Wepeu (X ONEyi) = X, ,@,(E,) where  @,(E) €L LU (x]s)-du(s)

where the event E, attached to each outcome x is evaluated by an additive eval-
uation measure ®,(-), which is the subjective analogue of objective expected
utility’s probability coefficient U(x).

Just as linearity in a set of variables implies linearity in their changes,
event-additive functions like Wggy (...; x 0n E,; ...) = Xxe, Py (E,) and Wg.
peul--; X on Ey; ...) = Ty, O (Ey)will also be additive in event changes
(“growth and shrinkage sets”). That is, their ranking of two acts f(-) = [...; X
onE,; ...] versus f*(:) = [...; xon E,;*; ...] is determined by the additive for-
mulas

WSEU (f *()) _WSEU (f()) = Z(DX(E:)_ Zq’x(Ex) = Z(I’X(EX*_ Ex)_ Zq)x(Ex_ Ex*)

Xey Xey Xey Xey

WSDEU(f *()) _WSDEU(f(')) Z q)x(Ex*) - Z q)x(Ex) Z q)x(Ex*_ Ex) - Z q)x(Ex_ Ex*)

xex ey Yex xex
where for each ¥, its growth set in going from f(-) to f*(-), namely the set E *
—E,, is evaluated positively by x’s evaluation measure ®,(-), and its shrinkage
set, namely the set E, — E*, is evaluated negatively by @, (-).

Just as differentiability in objective probabilities can be defined as local
linearity in probability changes, smoothness in subjective events can be de-
fined as local additivity in event changes. That is, one can define a general pref-
erence function W(...; x on E; ...) to be event-differentiable if at each act f(-)
it possesses a family of local evaluation measures {®,(-; f) | x € X } such that
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W(-) evaluates small event changes from f(-) in the following locally additive
manner:

W) -W(f() = X (Ex-Ei:f) — X (E—ESS) + o(6(f*).f())

Xey Xey

where the distance function Xf*(-), f(-)) between acts has the property that it
shrinks to zero as the change sets E,* — E, and E, — E,* all shrink to zero, and
(as with any definition of differentiability) o(-) denotes a function that is of
higher order than its argument. In Machina (2002), | have shown how this cal-
culus of events can be applied to establish the robustness of most of classical
state-independent and state-dependent subjective expected utility theory and
subjective probability theory to general event-smooth (but not necessarily ei-
ther expected utility or probabilistically sophisticated) preference functions
W(-) over subjective acts.



Appendix 2B

Almost-Objective Uncertainty

PROPERTIES OF PURELY OBJECTIVE EVENTS

We begin by contrasting the three properties of subjective events—diverse

interpersonal beliefs, possible absence of probabilistic sophistication, and pos-
sible state-dependence—with the following four characteristic properties of
idealized, exogenous “purely objective” events:

Unanimous, outcome-invariant revealed likelihoods: In contrast with
the above-listed properties of subjective events, all individuals exhibit
identical, outcome-invariant revealed likelihoods over purely objective
events—corresponding to their objective probabilities.

Independence from subjective realizations: In the presence of joint
objective x subjective uncertainty, purely objective events are indepen-
dent of the realization of subjective events. Thus, the events generated
by an exogenous objective coin, die, or roulette wheel are invariant to
whether any given subjective event E does or does not occur.
Probabilistic sophistication over objective lotteries: It is almost a truism
that all individuals evaluate objective lotteries P = (X4, P1; -5 Xim Prn)
solely according to their outcomes and corresponding objective likeli-
hoods, via some preference function V(Xy, pPy; -3 X Pm)-

Reduction of objective x subjective uncertainty: Standard reduction of
compound uncertainty assumptions imply that individuals evaluate any
objective mixture of subjective acts & -f(-) + (1-a)-f*(-) = &~ [x, on E;;
i Xy ON E] + (1-0) - [x," 0N E;; ... X, « 0N E,, "] solely according to
its induced map [...; (X, & X;"

', 1-0) on E; NE;"; ...] from events to lot-
teries.

The above features of objective uncertainty apply to all individuals, whether or
not they are expected utility, state-independent or probabilistically sophisticat-
ed. The following properties additionally hold for probabilistically sophisticat-
ed individuals and expected utility individuals:
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» Under probabilistic sophistication, independence of objective and sub-
jective likelihoods: If the individual is probabilistically sophisticated
with probability measure y(-) over subjective events, these likelihoods
are independent of exogenous objective events, and vice versa.

» Under expected utility, linearity in objective likelihoods: Expected util-
ity is linear in objective probabilities (Vgy(Xy, P17 Xmy Pm) =

Z?lm(xi) -p;) and in objective mixtures of lotteries (Vg (a- P + (1-0)
P¥)=a-Vgy (P) + (1-0)-Vgy(P*)). Under objective x subjective
uncertainty, expected utility is linear in objective mixtures of subjective
acts: Weey (- () + (1-0)- f*()) = - Weey (f()) + (1-0) -Wgey
(f*())), and similarly for Wgpey, ().

ALMOST-EQUALLY-LIKELY EVENTS AND ALMOST-FAIR BETS

As the above bullet lists indicate, the properties of purely subjective and
purely objective events lie in stark contrast. Nevertheless, in a Euclidean state
space S = [s,5] cR?, some subjective events are closer to being objective than
others. We illustrate this by an example which approximates what is surely the
“canonical” objective event: namely, the flip of an exogenous, fair coin.

Denoting the events implied by this coin by with standard notation {H, T},
their characteristic property is that, for any pair of prizes x* > x, all individuals
will be indifferent between the bets [x* on H; x on T] and [x on H; x* on T]. In
contrast, for any subjective event E, ranking of the bets [x* on E; x on ~E] ver-
sus [x on E; x* on ~E] can differ across individuals (due to diverse beliefs), or
can reverse if the prizes x* > x are replaced by y* >y (due to state-dependence).

However, consider the event E, obtained by dividing the state space S =
[s,s] into n equal-length intervals, and defining E, as the union of the odd-
numbered intervals (the complementary event ~E,, thus being the union of the
even-numbered intervals). As the following diagram indicates, regardless of
an individual’s particular subjective probability measure u(-) over the state
space S (indicated by its density function m(:) in the Figure 2.B1), as n ap-
proaches infinity, the individual will assign equal subjective probabilities of 1/
2 to each of the events E,, and ~E,,, and hence be virtually indifferent between
the bets [x* on E,;; x on ~E,] versus [x on E,;; x* on ~E,]. State-dependent indi-
viduals will be similarly indifferent, and as shown in Machina (2001), as n—
o all event-smooth individuals—whether or not they are expected utility,
state independent, or even probabilistically sophisticated—will “reveal” E,, and
~E, to be equally likely, via their indifference between any two bets of the form
[x* on E,; x on ~E,] versus [x on E,; x* on ~E_]. In other words, asn — oo ,
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the purely subjective events E, and ~E,—both subsets of the purely subjective
state space S—take on the properties of exogenous objective 50:50 events.

Figure 2B.1 Example of a Subjective Probability Density Function

ALMOST-OBJECTIVE EVENTS, ACTS AND MIXTURES

It is clear that by dividing the state space S = [s,S] into a large number of
equal-length intervals and taking the union of every third interval, we could
create an subjective event that approximates the properties of an exogenous
event of probability 1/3, etc. We can extend and formalize this idea as follows:
Given any sufficiently regular (e.g., finite interval union) subset g of the unit
interval [0,1] and any large n, partition S into n equal-length intervals [0, 1/n),
[1/n, 2/n) ... [(n=2)/n, (n=1)/n), [(n-1)/n,1], and define the almost-objective
event o ﬁSngy

758 = UiLls+(ive) °g2 ocp)

that is, as the union of g’s linear images into each of S’s n equal-length inter-
vals. Thus, the event E,, illustrated in the previous figure is simply almost-ob-

jective event [0, 1/2] X S.
By taking a partition {0, ..., §,} Of the unit interval we can create al-
most-objective partitions { g, X S O X S} of the state space S, and in turn

define almost-objective acts [x; on ¢, X S X ON 0, X S]. The almost-

fair bets of the previous subsection are seen to be the almost-objective acts [x*
on [0, 1/2] X S;xon (1/2,1] x S]and [xon [0, 1/2] X S; x*on (1/2,1] X S].
n

Finally, given two subjective acts f(-) = [x; on Ey; ... ; X, on E] and f*(-) =
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[x,”onE;"; ... ; X, «On E,, «] and any @, ~¢ S [0,1], we can define the al-
most-objective mixture [f(-) on g X S;f*()on~gp X S] of f(-) and f*(-).

BELIEFS AND BETTING PREFERENCES OVER
ALMOST-OBJECTIVE EVENTS

As with the almost-equally likely events defined above, asn — o all
event-smooth individuals will exhibit identical revealed likelihood beliefs over
any almost-objective event @ﬁs essentially treating it as an exogenous objec-

tive event, with a probability given by the total length A( ) of the subset o
[0, 1]. That is to say, given any event-smooth preference function W(-) over
subjective acts—whether or not it is expected utility/non-expected utility,
state-independent/state-dependent, or probabilistically sophisticated/non-

*

probabilistically  sophisticated—outcomes x* > X, disjoint subsets
@, < [0,1] with  A(g) > A(g). and subjective act f(-), W(-) will exhibit
IimW(x*ongméS;x on g%>n<s; f (s) elsewhere) >

Nn—co

limW (x on 2 S;x*on @;s; f (s) elsewhere);
n—co

that is, holding the payoffs elsewhere constant, all event-smooth individuals
are unanimous in their preference for staking the greater of two prizes on the

event xS and the lesser on g?,)ﬁs , rather than the other way around. Thus,

while we have seen that typical subjective events need not have probabilities at
all, much less unanimously agreed-upon probabilities, asn — o there will be

such unanimous agreement on the comparative likelihoods of X ver-

sus xS .

The idea that some subjective events come close to exhibiting objective
properties is not new, and precursors of the almost-equal-likelihood example
date back at least to Poincaré (1912). Nor are almost-objective events merely a
technical curiosum—in fact, most real-world “objective randomization devic-
es” are actually examples of the use of almost-objective events to convert non-
probabilistic subjective uncertainty to (almost-) objective uncertainty. To see
this, consider the simple example of a game show spinner divided into a large
number of alternating red and black sectors of equal angular size. Is it correct
to say that the spin of such a wheel is an “objective process”? If so, then it
would follow that all individuals would have the same beliefs over all events
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defined over this process. But how much agreement will there be on the likeli-
hood of the event that “the wheel spins more than 20 revolutions before finally
stopping”?

Viewed from this perspective, the behavior of the wheel—its exact number
of revolutions and therefore the color of the sector that finishes opposite the
pointer—is a subjective process, where the state of nature is the amount of force
applied to the spin. Individuals will surely disagree on their subjective proba-
bilities of an event like “the force will be enough to generate at least 20 revo-
lutions,” and some may not be able to attach any subjective probably at all to
this event. But if we plot the state (the initial force of the spin) on the horizontal
axis of the previous diagram, then an event such as “the force will lead the
wheel to stop with the pointer opposite a black sector” is seen to be an almost-
objective event of the type illustrated in the figure, which is why even individ-
uals who disagree on the likelihood of “more than 20 spins” will nevertheless
agree on the likelihood of “black.” In other words, it is not the process of spin-
ning the wheel that is either “subjective” or “objective,” but rather the different
events defined on this process that are either subjective or (almost-) objective.
A little thought will reveal that virtually all standard physical randomization de-
vices used to generate “objective” likelihoods share this property of being
based on a subjectively uncertain (and hence non-probabilistic) state variable
(or variables), but working with periodic, “almost-objective” events defined
over the state variable.

The above argument shows that with a structured (essentially Euclidean)
state space and the property of event-smooth preferences, there exists a substra-
tum of events that arbitrarily closely approximate the first of the four above-
listed properties of purely objective events, namely the property of unanimous,
outcome-invariant revealed likelihoods. In Machina (2001) | have shown that
such events, and the acts and mixtures based on them, also arbitrarily closely
approximate the other three listed properties of idealized “purely objective”
events. That is,as N — oo :

» Each individual (probabilistically sophisticated or otherwise) will view
all almost-objective events as independent of each purely subjective

event, in the sense that for all disjoint g, & <[0,1] and each E < §,
they will have the same revealed likelihood rankings (i.e., betting pref-
erences) over the joint events (% X S) N E versus (S%}é S)NE as they

do over the events g ﬁS versus £ X S (in each case, corresponding to

the relative values of A(g@) versus A() ).
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» Although individuals needn’t be probabilistically sophisticated over
subjective acts in general, they will be probabilistically sophisticated
over almost-objective acts. That is, each W(-) will have a corresponding
preference function V,(-) over lotteries such that

lim W % on @,xS;...;%, on gomﬁs):'!i_)r?evw (%, (82151 X A($20)) -

N—eco

» Each individual (probabilistically sophisticated or otherwise) satisfies
the reduction of compound uncertainty property for almost-objective

mixtures of acts. Thus if [fl(-) onxS;...; fr () ongomﬁs:l and

[ fl(-)on 5%1%(5 " fm (Yon @, >n<s} induce almost-objectively equivalent
subacts over each event in the common refinement of

B (), Fu O T (), then
IimW(fl(-) on 1 XS;..; fn() ON >n<s)=

IimW(fl(-) on @ XS;...; f-()on @ >n<S).

N—o0

The following properties of almost-objective uncertainty additionally hold for
probabilistically sophisticated individuals and expected utility individuals:

» Each probabilistically sophisticated individual with subjective probabil-
ity measure g(-) will view all purely subjective events as independent of

each almost-objective event, in the sense that for all E, E S and each
g < [0, 1], they will have the same revealed likelihood rankings (bet-

ting preferences) over the joint events (goxS) N E versus (xS) M E as
n n

they do over the events E versus E (in each case, corresponding to the

relative values of u(E) versus u( E )).

» Each expected utility maximizer will be linear in almost-objective prob-
abilities and almost-objective mixtures of subjective lotteries, i.e.,

n“_)”; Wsey (X, 0N 2% Xy 0N 2, XS) = X1 A(;) Wegy (% 0 S)

Tim Wegy (f10) on 1383 fm() O 20 %S) = XL A(2) Weey (i)

and similarly for Wgpg(-).
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Gambling with the Future

Economic and Social Perspectives
on Casinos in America

William R. Eadington
University of Nevada, Reno

Commercial gaming became a substantial industry in the United
States over the second half of the 20th century, generating revenues in
2001 in excess of $64 billion, and having a legal presence in 48 states.
Over half of gaming revenues come from commercial and Indian casi-
nos located in more than 30 states.

From strict prohibitions in most states only a generation ago, laws
governing casino-style gambling have been entertained or enacted by
state governments interested in new sources of tax revenues, new cata-
lysts for job creation and capital investment, new reasons for attracting
tourist spending, and—occasionally—in response to citizens’ desires
to participate in casino-style gambling for the fun of it. The types of
gambling authorized include Nevada-style casinos, slot machines at
race tracks, and video poker, video lottery terminals, and other elec-
tronic gaming devices in bars and taverns. Besides state-authorized
gaming, nearly 200 Indian tribes have opened tribal casinos and gam-
ing centers throughout the country, under the general guidance of the
Indian Gaming Regulatory Act of 1988.

This chapter examines the major political, social, and economic
dynamics that have resulted in the rapid proliferation of permitted
gambling—especially casinos and casino-style gambling—in the
United States over the past quarter century. This process of legalization
and deregulation has created gaming industries of increasing size,
sophistication, and presence, which have become—or are quickly
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becoming—part of the modern mainstream of commercial entertain-
ment, leisure, and tourism industries in various parts of the country.

Economic benefits notwithstanding, permitted casino-style gaming
remains a highly charged political issue. Casino gaming is still consid-
ered by some to be an essentially unhealthy activity that has not lost its
previous status as a pernicious vice. States that have authorized casino
gaming have often done so under conditions of limited competition or
by using regional monopoly structures. This approach creates eco-
nomic rents or monopoly profits that become the objective of ongoing
rent-seeking behavior by various special interests in their efforts to
capture the rents. Such designed market structures are typically a by-
product of desires at the legislative level to control gaming’s social
impacts through regulatory constraints, geographic isolation, or
planned undersupply. Nonetheless, pressures to expand the scope of
permitted gaming are found in many jurisdictions, especially when
needs for tax revenue generation or job creation are substantial.

It is difficult to make an unambiguous case either in favor of or in
opposition to permitting casino-style gaming into any community that
previously did not have such activities. Nonetheless, in the first years
of the 21st century, it appears that gaming industries will continue to
expand in new and diverse ways in many jurisdictions. At minimum,
expanding permitted casino-style gaming is now actively on the
agenda in many state legislatures, and it is likely to remain so for some
time to come.

TRENDS IN GAMING IN THE UNITED STATES

Events of recent years are a continuation of processes toward legal-
ization and a greater presence of permitted gaming that began with
Nevada’s casino legislation in 1931 and New Hampshire’s lottery
legalization in 1963. However, the main spread of legal commercial
casinos occurred in the first half of the 1990s. Prior to 1988, casinos
had been authorized only in Nevada and in Atlantic City, New Jersey.
Atlantic City itself was a relatively new addition, with its casinos open-
ing their doors for the first time in 1978. Between 1988 and 1996, a
total of nine states! authorized new casino industries, some as riverboat
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casinos, some as limited-wager casinos in former mining towns, and
some as urban casinos. Indian tribal casinos were effectively legalized
by a Supreme Court decision in 19872 and were provided a statutory
framework with the passage of the Indian Gaming Regulatory Act in
1988.3 Indian casinos spread to nearly 30 states by the early 21st cen-
tury, with the most significant tribal casinos found in such states as
Connecticut, Minnesota, Michigan, New York, and California.

The proliferation of permitted commercial casinos in the United
States slowed down after 1993, coinciding with the improvements in
performance of the national economy. However, another trend soon
emerged: the authorization of gaming devices at race tracks in various
states, purportedly to provide the racing industry with a “level playing
field” against newly authorized forms of gaming, and a competitive
edge over tracks in other states in attracting purses and high-quality
race horses. The effect of this development was to create a number of
“racinos,” where the presence of slot machines would transform race
tracks into de facto casinos, and typically lead to a high proportion of
total revenues for such operations being generated by the gaming
devices rather than wagering on racing. Such race track casinos have
developed in lowa, Delaware, West Virginia, New Mexico, Rhode
Island, and Louisiana in the 1990s.

Changing economic circumstances, especially recession and sub-
stantial fiscal shortfalls at the state level, contribute to the casino
debate. In 2003, the United States went through another round of dis-
cussion of whether to legalize and expand casinos and casino-style
gaming. Economic circumstances in the early years of the first decade
of the 21st century parallel the period from 1989 to 1993, when the
national economy slowed and then moved into recession, and when
many states found themselves financially strapped and desperate for
job-creating strategies. With the economic slowdown and recession of
2000-2003, an increasing number of jurisdictions in the United States
found themselves in financial difficulty. As such slowdowns occurred,
commercial gaming was often one of the strategies put forth for raising
government revenues and stimulating local and regional economies.
Thus, in 2002 and 2003, debates on casinos, slot machines at race
tracks, and even slot machines in bars and taverns took place in legisla-
tures and among political leaders in Hawaii, Kentucky, Maryland,
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Pennsylvania, New Hampshire, Rhode Island, Wisconsin, and Minne-
sota, as well as in other states.

Other events can also have impacts on the debates of whether or
not to expand the presence of casinos. In October 2001, shortly after
the September 11 terrorist attacks, the State of New York authorized six
new tribal casinos and slot machine gaming at eight race tracks. This
was motivated in no small measure by the need to close the gap against
large impending state deficits, related both to the economic slowdown
and to the anticipated economic consequences of the terrorist actions
and the subsequent war on terrorism. The debate was hastened by the
reality that by 2001, New York was surrounded by successful casino
gaming operations in Atlantic City, Eastern Connecticut, and Ontario,
Canada.

COMMERCIAL GAMING AND CONTROVERSY

Between 1982 and 2001, total gaming revenues of commercial
gaming industries in the United States grew from $10.2 billion to $65.8
billion, with more than half of the 2001 total coming from commercial
and tribal casinos. Lotteries, pari-mutuel wagering on racing, and char-
itable gambling, including bingo, all lost market share as casinos and
electronic gaming devices increased their presence and popularity over
the past two decades.

However, in spite of rapid economic expansions, general attitudes
toward the acceptance of permitted casinos remained at best lukewarm
in most jurisdictions. There is growing sentiment in a number of states
that—at least in some situations—governments have authorized too
much gaming. In such locales, there are pressures to reverse some of
the trends that have characterized commercial gaming industries in the
past three decades.

In some situations, substantial commercial gaming industries have
seen their legal statuses revoked. This occurred when authorization for
video poker machines in South Carolina was allowed to expire in 2000,
eliminating an industry that was generating gross gaming revenues in
excess of $500 million per annum. In 1996, local elections reversed the
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legal status of video poker machines in 34 of the 66 parishes in Louisi-
ana.

The issue of when gambling overextends its political welcome can
be seen in recent events abroad. Such developments might provide
insights into what may lie ahead for American jurisdictions wanting to
fully exploit the economic rents from casino-style gambling. Following
publication of a 1999 Productivity Commission Report on Gambling
(Australian Productivity Commission Report 1999), Australia adopted
a number of restrictions on electronic gaming devices after declaring
problem gambling to be a public health issue, under a declared strategy
of “harm minimization.” This followed a decade where the number of
electronic gaming devices in Australia expanded from about 70,000 to
approximately 190,000, 90 percent of which were located outside of
casinos (Monaghan 2001). The Productivity Commission Report
claimed, among other findings, that the 2.1 percent of adult Australians
who were problem gamblers made up 10 percent of regular players on
gaming machines, and generated 42 percent of spending on gaming
machines in Australia.

New technological developments in the gaming industries have
also become part of the political controversy surrounding gambling.
Perhaps the most dramatic of these is Internet gambling, whose legal
status has been actively debated in many countries throughout the
world, with no clear resolution in the early 21st century in general
trends and directions. Internet gambling has a very large potential mar-
ket and has the capability to bring highly sophisticated gaming prod-
ucts into households everywhere. Based on the spotty evidence that
exists on this still largely “gray area” activity, the size of the global
Internet gambling market is already measured in the billions of dollars
(see, for example, Cabot 2000).

On the other hand, Internet gambling raises social concerns about
the potential adverse impacts such ubiquitous gaming opportunities
might bring about, especially in the areas of underage gambling and
problem and pathological gambling. The activity also poses interesting
challenges for jurisdictions on how to regulate and tax the activity, cre-
ating a dilemma for governments that are tolerant of permitted gaming
primarily because of their ability to extract economic rents from excise
taxes on the activity. Because Internet gambling operates with little
concern for national borders, and because some jurisdictions have
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decided to encourage Internet gaming sites to locate within their bor-
ders through offering low tax rates, other jurisdictions will have to
match or come close to those tax rates to remain competitive. Further-
more, the United States, at both the congressional level and in various
states, has demonstrated little desire to move forward to fully exploit
the economic opportunities of Internet gambling.

It is possible that Internet gambling is just the tip of the technolog-
ical iceberg. Interactive television betting and the use of various hand-
held computer devices for playing games and making wagers are per-
haps the next major gambling developments. However, they will con-
tinue to be politically controversial because of the difficulties in
exercising social controls over the activities where they take place, and
because of the ability of new technologies to outstrip legislative
attempts to constrain the presence or availability of gambling in gen-
eral. A by-product of the new world of Internet and other low-cost and
virtually instantaneous communications is likely to be the inability to
significantly constrain gambling activities that take place through those
media, regardless of the wishes and desires of legislative and parlia-
mentary bodies.

A FRAMEWORK FOR EVALUATING THE BENEFITS
AND COSTS OF EXPANDED GAMBLING

One aspect of legalizing new forms of permitted gambling is that
such actions create benefits that impact economies—especially local or
regional economies—in ways that are generally tangible, measurable,
and economic. But an expanded presence of permitted gambling also
generates social costs that affect individuals and households in ways
that are far less tangible, measurable, and visible. It is extremely chal-
lenging to policymakers and social scientists to conceptualize, identify,
and measure the social costs that accompany gambling in any mean-
ingful way (see, for example, Walker and Barnett 1999 and Eadington
2003). Furthermore, because of the relative lack of attention to the
costs and benefits of gambling prior to the mid 1990s, little serious
effort was undertaken to address these issues.* It is likely that these
dimensions of benefits and costs associated with gambling will remain
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at the heart of the debate over the wisdom of expanding or contracting
the availability of permitted gambling for some time to come.

Nonetheless, a number of observations can be made about the ben-
efits and costs of permitted gambling in comparison to reasonable
alternative states of nature. For those jurisdictions that are still debating
the status of gaming within their control, such observations should
prove useful.

First, it should be noted that the primary benefit associated with
permitted gambling is the creation of consumer surplus, the incremen-
tal value to consumers from being able to participate in an activity that
was previously prohibited. Consumer surplus is generally defined as
the difference between what consumers would be willing and able to
pay for an activity versus what they actually have to pay for that activ-
ity. Such gains accrue predominantly to the consumers of gambling
services rather than to producers or the governments who authorize the
activity.

However, when permitted gambling is authorized in a manner that
prevents the market from expanding to its demand potential, or when
the market structure is designed to result in monopoly or otherwise
restricted competition, then the price of the activity increases. As a
result, a portion of potential consumer surplus is diverted away from
consumers and becomes value for someone else. The diverted con-
sumer surplus can be referred to as economic rents. Economic rents can
be captured by government through the implementation of excise taxes
on the activity, or by outright ownership of the gaming franchise. Other
economic rents might be captured by companies or organizations that
offer gambling services through exclusive or limited franchises. Only
when the market is allowed to expand to its demand potential, or when
competition from related substitute activities bid down the price of the
primary activity to competitive levels, are the economic rents bid
away.®

As with other activities, most of the costs and benefits associated
with permitted gambling are internal to the consumers and producers
of the gambling activities. Under the assumption of rational economic
actors, consumers choose to spend money on gambling because they
derive greater value from participation than the expected or realized
cost. Producers provide gambling services because it provides a greater
return on their resources than the next best alternatives. As private ben-
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efits and costs, there is little reason for public policy considerations to
affect the decision processes that generate these allocations.

Public policy intervention is typically justified when negative
externalities are associated with the activity.® With gambling, the pri-
mary negative externalities are linked to problem and pathological
gambling. Generally speaking, there have been two major driving
forces that have influenced societal decisions to liberalize gambling
laws and regulations: 1) a desire on the part of governments to capture
economic rents through permitting a previously prohibited activity;
and 2) a desire to mitigate the negative side effects (real or perceived
negative externalities) associated with the activity by constraining it in
ways that would allow for greater control of the adverse side effects.

The combination of these two somewhat conflicting forces has led
to a variety of eccentric laws passed in various jurisdictions throughout
the world. In the United States, riverboat gambling with mandatory
sailing, or mining town casinos with loss limits and restrictions to his-
toric buildings only, reflect states’ efforts to capture economic rents
while providing protections against people who might overindulge in
gambling activities. Voter ratification of Indian gaming, as in the State
of California in 1998 and 2000, was a validation of the distribution of
economic rents to tribes and tribal members; California’s legislature
and voters have been reluctant to bestow similar economic rents on
other rent seekers, such as the card club industry or the racing industry.

As with other vices such as tobacco, alcohol, illicit drugs, and
commercial sex, gambling is perceived as an activity that has a strong
realized and latent demand that emanates from a portion of the popula-
tion. As with the other vices, it also possesses a variety of negative side
effects—perceived or real—that are viewed as immoral or otherwise
socially damaging by (typically) another subset of the population. Such
side effects have served as the impetus for constraints on the permitted
offerings of gambling services. As with the other vices, there is no
clear consensus on the best approach to regulating and constraining the
availability of gambling, and as a result, there has not been much sta-
bility on the manner in which legal gambling has been permitted and
constrained from one political jurisdiction to another.

The extent of demand for gambling that is realized—as opposed to
remaining latent—is partly a function of gambling’s legal status. If
casino gaming, through the process of legalization or deregulation, is
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made more attractive and available to a society’s population centers,
then the demand for gambling in general, and the total amount of
income spent on gambling, will increase. The greater the availability of
gambling, and the fewer the constraints that are applied to gaming
activities, the larger the realized demand will be. Furthermore, the
more that permitted gambling is offered in a competitive market con-
text, the more that demand for gambling will increase. Increased com-
petition will result in lower realized prices to consumers for gambling,
and competition will enhance the price and availability of complemen-
tary nongaming activities as well. The recent experience of competitive
venues such as Las Vegas and Mississippi—in comparison to more
supply constrained or monopolistic jurisdictions such as the urban casi-
nos in Detroit and New Orleans, or riverboat jurisdictions in Illinois,
Indiana, or Louisiana—clearly demonstrate these effects.

When trying to evaluate social benefits and costs associated with
gambling, it is important to evaluate the alternatives to the status of
permitted gambling under consideration. If a jurisdiction currently pro-
hibits gambling but has a substantial amount of illegal gambling taking
place within its borders, removal of the prohibitions will likely dimin-
ish the adverse economic impacts of the illegal industry, and quite pos-
sibly will diminish the severity of some of the social costs associated
with such illegal activities.

It is also useful to look at the general locational structure under
which casino and casino-style gambling is offered, in terms of its
potential for delivering benefits and costs. Though it is argued else-
where that benefits and costs of permitted gambling should be done at
the national level (Grinols and Mustard 2001), most policy analysis
concentrates on local and regional economic benefits associated with
permitted casinos and casino-style gaming. Using that as a starting
point, one can create the following categories of casinos and near-casi-
nos:

 Destination resort casinos located away from population centers
(such as Las Vegas, Reno, and Lake Tahoe, Nevada; Biloxi, Mis-
sissippi; or Atlantic City, New Jersey).

» Rural casinos, located away from population centers (such as
Foxwood’s in Connecticut and most tribal casinos in the United
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States; and the casinos in Deadwood, South Dakota; and in Cen-
tral City, Blackhawk, and Cripple Creek, Colorado).

» Urban or suburban casinos located in or near major metropolitan
areas (such as those found in Detroit, or in and around St. Louis,
Kansas City, and Cincinnati), as well as most race track casinos
(“racinos™).

» Neighborhood casino-style gaming (such as video poker
machines, video lottery terminals, and other gaming devices
found in bars and taverns in such states as Nevada, Montana, Ore-
gon, and South Dakota). This is sometimes referred to as conve-
nience gambling.

If we compute benefits and costs for gambling in the traditional
manner, and discount the importance of consumer surplus,” we find
that jurisdictions that export gambling to citizens of other jurisdictions
tend to capture a substantial amount of economic benefit in the form of
economic rents and value added by producers and owners of local
resources (i.e., the benefits of increased local employment), whereas
the social costs associated with problem gambling in particular tend to
get exported to the jurisdictions where the gambling consumers reside.
In such cases, the ratio of benefits to costs within the jurisdiction is rel-
atively high.

In a similar fashion, benefit/cost ratios for rural casinos are also
fairly high, especially if the region for which the impacts are being
evaluated includes only the rural area. This is often the case with
Indian tribal casinos, where the primary group of interest is the tribe
itself, and most of the casino customers are not tribal members.

On the other hand, if urban or suburban casinos are evaluated in
this manner, the benefit/cost ratio is considerably lower. Most of the
gaming activities provided by such casinos cater to demand in the local
market. In such a case, spending on gambling does not stimulate the
local economy in the same manner it would if gambling activities were
exported. Furthermore, social costs typically remain within the com-
munity where the gaming facilities are located. Thus, measured bene-
fits will be lower and social costs will be higher than in either of the
first two cases. Nonetheless, such urban/suburban casinos can create
significant regional investment and might serve as efficient mecha-
nisms for tax revenue generation. Furthermore, they might bring about
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considerable import substitution behavior, encouraging local residents
who otherwise might travel out of the region to pursue gambling activ-
ities to spend their gambling budgets in local casinos instead.

If we consider the situation of convenience gambling—gaming
devices in bars and taverns located in neighborhoods—the general ten-
dency is for benefits to be lower and social costs to be higher than in
any of the previous situations. Since such facilities generate little in the
way of new investment or job creation associated with the gambling
activities, economic benefits tend to be lower.? Because casino-style
gaming is offered in more accessible surroundings than is typical for
site-specific casinos, there might be a greater incidence of impulsive
gambling and, as a result, of problem and pathological gambling.

The ratio of benefits to costs for a region or jurisdiction is a bell-
wether to the extent of controversy associated with the various types of
permitted gambling. In light of this framework, especially when con-
sumer surplus is given relatively little standing, it is not surprising to
see convenience gambling as the most politically vulnerable of the
alternatives considered. This thesis is consistent with the recent experi-
ences in Australia noted previously, as well as jurisdictions such as
South Carolina and Louisiana, where convenience gambling was elim-
inated or threatened with elimination because of the political back-
lashes associated with it.

This framework also carries implications for the new forms of
gambling. Unless consumer surplus is given greater standing, Internet
gambling and interactive television gambling, for example, will likely
prove to be very low on perceived economic benefits and very high on
social costs. Furthermore, the competitive and global dimensions of
Internet gambling make it very difficult for governments to capture
economic rents, especially in the form of taxes on gross gaming reve-
nues. Also, the regulatory challenges of permitted gambling in the
home, especially gambling by youth or by those prone to overindulge,
imply that the social costs associated with such activities are going to
be both socially dangerous and very hard to control without violating
other dimensions of personal privacy. Thus, these newest forms of
gambling might prove to be the most controversial of all.



62 Eadington

CONCLUSION

In summary, the ongoing dynamics of the economic and social

impacts of gambling and of permitted gaming industries point out a
number of important dimensions characteristic of the activity, the
industry, and of public policy processes regarding gambling. Most
important of these are:

Gambling is one of the largest industries whose fundamental eco-
nomic characteristics are substantially determined by political
decisions.

Political decisions regarding gambling are largely influenced by
the ability of competing special interests—including state gov-
ernments—to capture economic rents associated with liberalizing
permitted gaming activities. This is often countered by perceived
or real social costs associated with problem and pathological
gambling and with an increased availability of gambling in soci-
ety.

There is a strong latent demand for casino-style gaming (includ-
ing gaming within casinos and with electronic gaming devices
located outside of casinos), which is manifested when the legal
status of gambling is liberalized.

Technologies have developed over the past two decades that have
broadened the appeal of, and the market for, commercial gaming.
The same technologies have raised concerns over some adverse
social impacts that such an increased presence of gambling in
society might bring about. Many of these adverse social impacts
are related to problem and pathological gambling behavior.

Benefit/cost analysis applied to permitted gaming activities is still
a relatively primitive science, primarily because of the difficulties
in conceptualizing, observing, and measuring social costs.
Because of its lingering status as a vice, consumer surplus associ-
ated with gambling consumption is often discounted in policy
discussions.

Some types of permitted gambling raise greater social concerns
over their impacts than do others. Some categories of venues for
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casinos and casino-style gambling are more vulnerable to politi-
cal controversy and possibly reversal of liberalization of permit-
ted activities than are others. The forms of gambling with the
greatest potential for controversy include convenience gambling,
Internet gambling, and interactive television gambling.

The debate over the proper role of permitted gambling in society is
far from over, though there are some clear long-term trends—visible
for much of the past half-century—that have supported increased legal-
ization and deregulation in many jurisdictions. In many respects, these
trends reflect society’s increased acceptance of gambling as a proper
form of (adult) leisure and entertainment.

However, as has been demonstrated in various situations, public
attitudes toward gambling can be fickle. Should significant problems
arise—such as corruption scandals, the presence of organized crime, or
even sensational incidents involving pathological gamblers—gambling
might once again come under fire. If the perceptions of social costs
associated with gambling become substantial relative to the economic
benefits that it is creating, then the political winds can quickly shift
harshly against its permitted status. Unless and until respect for gam-
bling as a consumption activity achieves a level comparable with other
consumption activities, newer types of permitted gambling will con-
tinue to raise public policy debates and remain at the center of political
controversies.

Notes

1. The states were South Dakota, lowa, Illinois, Colorado, Louisiana, Mississippi,
Missouri, and Indiana. Only Michigan, where voters authorized three casinos in
Detroit in 1996, was added to this list between 1994 and 2001.

2. California et al. v. Cabazon Band of Mission Indians et al., No 85-1708, February

25, 1987; reprinted in Eadington (1990).

P.L. 100-497 (1988), 100th Congress; reprinted in Eadington (1990).

4. Until casinos spread beyond Nevada and Atlantic City in the United States, there
was little in the way of institutionally funded research on gambling. Similar cir-
cumstances prevailed in other countries. Since the 1990s, there have been a num-
ber of major national studies undertaken in various countries, including the Final
Report (National Gambling Impact Study Commission 1999) in the United States,
the Gambling Review Report (Department for Culture, Media and Sport 2001) in
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the United Kingdom, and Australia’s Gambling Industries (Productivity Commis-
sion 1999) in Australia.

5. It should also be noted that the idea of consumer surplus has seldom been an
important factor in deliberations regarding legalizing or deregulating gambling.
This is probably because of long-standing prejudices that gambling is a tainted
activity, and people who participate in gambling are themselves exercising poor
judgment in their consumption choices, and should therefore not be given much
consideration in deliberations. As a result, most policy deliberation relies prima-
rily on the magnitude and distribution of the economic rents.

6. Negative externalities arise when the market transactions between two parties cre-
ate costs for third parties who are not involved in the transactions. Without policy
intervention, this shifting of costs results in overproduction of the activity that
creates negative externalities.

7. See note 6.

8. It should be noted, however, that such gaming devices might be extremely effi-
cient tax collectors.
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and the
Winner’s Curse

Lessons from the Economics Laboratory
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Auctions are of considerable practical and theoretical importance.
In practical terms, the value of goods exchanged in auctions each year
is huge. Governments routinely use auctions to purchase goods and
services, to sell government assets, and to fund the national debt. Pri-
vate sector auctions are common as well, and are of growing impor-
tance in areas such as deregulated utility markets, allocation of
pollution rights, and the large variety of items now being sold via Inter-
net auctions. Auctions are commonly employed when one party to the
exchange (for example, the seller) is uncertain about the value that
buyers place on the item; they provide a mechanism, absent middle-
men, to establish value in such situations. Auctions play a prominent
role in the theory of exchange, as they remain one of the simplest and
most familiar means of price determination in the absence of interme-
diate market makers. In addition, auctions serve as valuable illustra-
tions, and one of the most prominent applications, of games of
incomplete information, as bidders’ private information is the main
factor affecting strategic behavior (Wilson 1992).

There are at least two distinct types of risk in auctions. In private
value auctions, where bidders know the value of the item to themselves
with certainty, there is uncertainty regarding other bidders’ values. In
first-price sealed-bid auctions, in which buyers simultaneously submit
sealed bids with the high bid winning the item at the price bid, bidders
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face a strategic trade-off: the lower their bid the higher their surplus
conditional on winning, but the lower their probability of winning.:
Further, the famous (within economic circles, at least) Vickrey auction
(Vickrey 1961), in which the high bid wins but pays the second-highest
bid price, was designed with the specific purpose of eliminating this
strategic uncertainty. Bidders in the Vickrey auction have a dominant
strategy of bidding their valuations, so they do not have to consider this
strategic trade-off. (Similarly, in an open outcry English auction in
which bidding starts out low and the auctioneer gradually raises the
price, bidders have a dominant strategy to remain active until the price
reaches their valuation. Hence, there are no strategic trade-offs here as
well.)

Common value auctions, the other canonical type of auction, intro-
duce a whole new risk dimension. In a pure common value auction, the
value of the item is the same to all bidders. What makes the auction
interesting is that bidders do not know the value at the time they bid.
Instead they receive signal values that are correlated—or, more techni-
cally, affiliated (Milgrom and Weber 1982)—uwith the value of the
item, so that bidders must estimate the common value based on their
private information signals, while still wrestling with the strategic
issues associated with private value auctions. Mineral rights auctions,
particularly the federal government’s outer continental shelf (OCS) oil
lease auctions, are typically modeled as pure common value auctions.
There is a common value element to most auctions. For example, bid-
ders for an oil painting may purchase for their own pleasure, constitut-
ing a private value element, but they may also bid for investment and
eventual resale, reflecting the common value element.

There are no efficiency issues in pure common value auctions, as
all bidders place equal value on the item.? What has been of overriding
concern to both theorists and practitioners for these auctions are the
revenue-raising effects of different auction institutions. A second key
issue, one that has provided much of the focus for both experimental
and empirical work on common value auctions, is the winner’s curse,
an unpredicted effect that was initially postulated on the basis of field
data, and whose existence has often been hotly debated among econo-
mists.

The winner’s curse story begins with Capen, Clapp, and Campbell
(1971), three petroleum engineers who claimed that oil companies had
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suffered unexpectedly low rates of return in the 1960s and 1970s on
OCS lease sales “year after year.” They argued that these low rates of
return resulted from the fact that winning bidders ignored the informa-
tional consequences of winning. That is, bidders naively based their
bids on the unconditional expected value of the item (their own esti-
mates of value), which, although correct on average, ignores the fact
that you only win when your estimate happens to be the highest (or one
of the highest) of those competing for the item. But winning against a
number of rivals following similar bidding strategies implies that your
estimate is an overestimate of the value of the lease conditional on the
event of winning. Unless this adverse selection effect is accounted for
in formulating a bidding strategy, it will result in winning bids that pro-
duce below normal or even negative profits. The systematic failure to
account for this adverse selection effect is commonly referred to as the
winner’s curse: you win, you lose money, and you curse.

Terminological aside: When discussing the winner’s curse, many
economists, particularly theorists, unfortunately use the term to refer to
the difference between the expected value of the item conditional on
the event of winning and the naive expectation (not conditioning on the
event of winning). Further, their use of the term typically refers to play-
ers who fully account for this winner’s curse, rather than those who fall
prey to it.

The idea that oil companies suffered from a winner’s curse in OCS
lease sales was greeted with skepticism by many economists, as it
implies that bidders repeatedly err, violating basic economic notions of
rationality and contrary to equilibrium predictions.* An alternative and
simpler explanation as to why oil companies might claim that they fell
prey to a winner’s curse lies in cartel theory, as responsiveness to the
winner’s curse claim could serve as a coordination device to get rivals
to reduce their bids in future sales. Nevertheless, claims that bidders
fell prey to the winner’s curse have arisen in a number of field settings.
In addition to the oil industry (Capen, Clapp, and Campbell 1971;
Lorenz and Dougherty 1983 and references cited therein), claims have
been made in auctions for book publication rights (Dessauer 1981),
professional baseball’s free agency market (Cassing and Douglas 1980;
Blecherman and Camerer 1998), corporate takeover battles (Roll
1986), and in real estate auctions (Ashenfelter and Genesore 1992).
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It is exceedingly difficult to support claims of a winner’s curse
using field data because of reliability problems with the data and
because alternative explanations for overbidding are often available.
For example, Hendricks, Porter, and Boudreau (1987) found that in
early OCS lease sales, average profits were negative in auctions with
seven or more bidders. They note that one possible explanation for this
outcome is the increased severity of the adverse selection problem
associated with more bidders. However, they note that the data could
also be explained by bidder uncertainty regarding the number of firms
competing on a given tract (their preferred explanation). That is, since
most tracts received less than six bids, it seems likely that firms would
expect this number or less. As a result, although firms might have fully
accounted for the adverse selection effect based on the expected num-
ber of firms bidding on a tract, they would nevertheless be incorrect for
tracts that attracted above average numbers of bidders, and overbid on
those tracts.

The ambiguity inherent in using field data, in conjunction with the
controversial nature of claims regarding a winner’s curse, provided the
motivation for experimental studies of the winner’s curse. Early labo-
ratory experiments showed that inexperienced bidders are quite sus-
ceptible to the winner’s curse (Bazerman and Samuelson 1983; Kagel
and Levin 1986; Kagel et al. 1989). In fact, the winner’s curse has been
such a pervasive phenomenon in the laboratory that most of these ini-
tial experiments have focused on its robustness and the features of the
environment that might attenuate its effects. Additional interest has
focused on public policy issues—the effects of public information
regarding the value of the auctioned item and the effects of different
auction institutions on sellers’ revenue.

This survey begins with a brief analysis of the first experimental
demonstration of the winner’s curse (Bazerman and Samuelson 1983).
This is followed by summaries of experiments investigating bidding in
co