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Until recently, economics was widely regarded as a non-experimental science that had to rely
on observation of real-world economies rather than controlled laboratory experiments. Many
commentators also found restrictive the common assumption of a homo oeconomicus
motivated by self-interest and capable of making rational decisions. But research in
economics has taken off in new directions. A large and growing body of scientific work is
now devoted to the empirical testing and modification of traditional postulates in economics,
in particular those of unbounded rationality, pure self-interest, and complete self-control.
Moreover, today’ s research increasingly relies on new data from laboratory experiments
rather than on more traditional field data, that is, data obtained from observations of real
economies. Thisrecent research hasits roots in two distinct, but converging, traditions:
theoretical and empirical studies of human decision-making in cognitive psychology, and tests
of predictions from economic theory by way of |aboratory experiments. Today, behavioral
economics and experimental economics are anong the most active fields in economics, as
measured by publications in major journals, new doctoral dissertations, seminars, workshops

and conferences. This year’s laureates are pioneers of these two fields of research.

Human decision-making deviates in one way or another from the standard assumptions of the
rationalistic paradigm in economics. If such deviations from rationality and self-interest were

small and purely idiosyncratic, they would on average cancel out, and economic theory would



not be too wide off the mark when predicting outcomes for large aggregates of agents.
Following the lead of Vernon Smith, early studies of alternative market mechanisms by
experimental economists can be viewed as tests of the hypothesis of idiosyncratic deviations
from standard economic theory. If deviations from rationality and self-interest were
systematic, however, thiswould call for arevision of economic theory itself. Following the
lead of Daniel Kahneman and the late Amos Tversky, early studies of human decision-making
by cognitive psychologists can be seen as testing hypotheses of systematic deviations from

rationality.

Thistext begins by addressing Vernon Smith’s contributions to the field of experimental
economics. It then considers Daniel Kahneman’s findings in the field now known as
behavioral economics. The final sections summarize these contributions and their

importance, and offer some suggestions for further reading.

1. Foundations of experimental economics

Traditionally, economics has been viewed as a non-experimental science that had to rely
exclusively on field data

“Economics ... cannot perform the controlled experiments of chemists or biologists
because [it] cannot easily control other important factors. Like astronomers or
meteorologists, [it] generally must be content largely to observe.” (Samuelson and
Nordhaus, 1985, p. 8)

Many perceived this as an obstacle to the continued development of economics as a science.
Unless controlled experiments could be carried out, tests of economic theory would remain
resricted. Solely onthe basis of field data, it is difficult to decide whether and when a theory
fails, and to pinpoint the aspects responsible for thisfailure. The feedback channel between
theory and observation under controlled circumstances — where new experimental findings
suggest new theories and new theories suggest new experiments — seemed to be largely

unavailable to economics.



The establishment of a growing research field called experimenta economics has radicaly
challenged this view.* Under controlled laboratory conditions, experimentalists study human
behavior in situations that, in simplified and pure forms, mimic those encountered in markets
and other forms of economic interaction. The extent to which the results of such experiments
can be generalized to market stuationsis ill under debate. But the notion that laboratory
results concerning microeconomic behavior can crucialy inform the development of
economic theory is basically the same as the notion that laboratory results concerning small-
scale phenomena in physics (such as those pertaining to elementary particles and
thermodynamics) can crucially inform the development of theoretical physics (with regard to
the universe or the weather). 2

Experimental research in economics has early predecessors. More than fifty years ago,
Chamberlin (1948) attempted to test the neoclassical theory of perfect competition by way of
experiments, and 1994 economics laureate Reinhard Selten conducted early experimental
studies of price formation in oligopoly markets, the first paper being Sauerman and Selten
(1959). There are dso early studies on the predictive power of game theory in an
experimental setting, by John Nash — aso a 1994 economics laureate — with colleagues
(Kdish, Milnor, Nash and Nehrig, 1954) and by Flood (1959). Furthermore Siegel and
Fouraker (1960) and Fouraker and Siegel (1963) reported experimental results on bargaining.

Without any doubt, however, the main researcher in the experimental tradition isVernon
Smith. Smith not only made the most important early contributions, but has also remained a
key figure in the field to date. He has educated and collaborated with a large number of
younger researchersin experimental economics. The most prominent of these is Charles

Plott, who has also made important contributions to the field.

! New panel data sets and advancements in econometrics, such as those recognized in the awards to Heckman
and Mc Fadden in 2000, have d so substantially improved the potentia for convincing causal inference from
observational data.

2 External validity requires that the results uncovered in the laboratory be valid across time and space. This may
be a stronger assumption in economics than in meteorology or astrophysics, but theories about the atmosphere or
the big bang that build on experimenta results also have to resort to the same kind of assumption.
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1.1. Market mechanisms

Vernon Smith’s most significant work concerns market mechanisms. He laid the groundwork
for this research areain innovative experiments with competitive markets (Smith, 1962), in
tests of different auction forms (Smith, 1965, 1976b, Coppinger, Smith and Titus, 1980), and
in the design of the so-called induced-value method (Smith, 1976a).

Smith’ sfirst experimental article (Smith, 1962) was inspired by Chamberlin’s (1948)
classroom experiments. Chamberlin, who was Smith’ steacher at Harvard at the time, had let
participants engage in pairwise bargaining, acting as buyers and sellers of afictitious good.
Chamberlin regarded his experimental results as a falsification of the standard neoclassical
model of amarket under perfect competition (that is, with price-taking and rational agents).

Smith realized that Chamberlin’s results would be more compelling if the participants were
placed in a setting more similar to areal market. He thus set up an experiment where subjects
were divided into groups of potential sellers and buyers in a so-called double oral auction, a
market mechanism used in many financial and commodity markets. Subjects were randomly
assigned the roles of seller and buyer, and each seller was given one unit of the good to be
sold, and areservation price for this unit. If the reservation pricewas v for the unit, the
seller was not alowed to sell below that price, while shewould earn p—v dollars by selling at
aprice p>v. A seler’sreservation price v was her own private information. Similarly, each
buyer was assigned a private reservation price w, the highest price at which he was alowed to
buy aunit. Purchasesat aprice p<w resulted in earnings of w-p dollars. Based on the
digtribution of reservation prices which he had chosen, Smith could draw a supply and a
demand schedule and locate the competitive equilibrium price as their intersection. The
subjects, by contrast, did not have this information and were thus not able to compute the
theoretical equilibrium price. Much to his surprise, Smith found that the actual trading prices
came close to the theoretical equilibrium price, hence supporting the theory that the

experiments were initially supposed to reject.

Theresult from one of his experimentsisillustrated in Figure 1 (Smith, 1962, Chart 1, p.
113). The left-hand panel shows the demand and supply schedules induced by the given
distribution of reservation prices. The schedulesintersect at p = 2.00, which is thus the

competitive equilibrium price. The right-hand panel shows the trading pricesin five



successive trading periods, as well asthe standard deviation of the price distribution in each

period, expressed as a percentage of the theoretical equilibrium price (the number o in the

diagram). Asisseen in thisdiagram, most trading prices were close to the theoretical

prediction, and the standard deviation fell over time as the prices converged towards the

theoretical prediction.
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Smith concluded that

“...there are strong tendencies for a..
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attained as long as one is able to prohibit collusion and to maintain

absolute publicity of all bids, offers, and transactions. ... Changesin
the conditions of supply and demand cause changes in the volume of
transaction per period and the general level of contract prices. These
latter correspond reasonably well with the predictions of competitive

price theory.” (Smith, 1962, p. 134).
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Smith and other researchers subsequently carried out a series of similar experiments to check

whether this agreement with theory was a mere coincidence. Later experiments continued to

confirm Smith’s original result. Injoint work, Plott and Smith (1978) obtained the same

general result, but added an important twist: market institutions do “matter.” Specifically,



they compared the outcomes when sellers and buyers were alowed to change prices
continuously during atrading period (Smith’s original design) with the outcomes when they
had to post aprice for an entire trading period. The latter design turned out to result in a
sdower convergence towards the theoretical equilibrium price. The experimental approach, as
opposed to collecting field data, was essential in driving home this result; it made it possible
to hold constant the “market environment” (in this case the distribution of reservation prices)
while varying the “market institution” (in this case the rules for price adjustment) in a
controlled fashion.

In dmost any market experiment, a clear test of the hypothesis in question requires
controlling for the subjects’ preferences. Thisisamagor difficulty, as selling and buying will
generally be influenced by the subjects’ idiosyncratic evaluations of gains and losses,
evaluations that are not directly observable to the researcher. This problem wasfirst
addressed by Chamberlin (1948), who suggested a method for resolving it, essentially by
providing the subjects with the “right” monetary incentives. This so-called induced-value
method was developed further by Smith (1976a) ®, and has now become a standard tool in

experimental economics.

In order to illustrate this method, consider a subject assigned the role of buyer in a market for
a homogeneous good (where dl units are identical). Suppose that the experimentalist wants
this subject to express a certain demand function D . That is, at any price p, the subject
should be willing to buy precisely q= D(p) units. But the experimentalist does not know the
subject’ s utility of wealth, u(w). Smith’s method induces the desired demand function by
rewarding the subject with R(q) - pg dollarsfor any quantity g bought at price p, where R
isasuitably chosen reward function. According to economic theory, the subject will choose
the quantity q such that her marginal benefit from increasing q equals her marginal cost of
doing so, that is, such that R(q) = p.* Aslong as the unknown utility function u is
increasing and concave, her demand will coincide with the desired demand function if, for
any relevant price, the inverse derivative of the reward function R is set equal to the desired
demand function, that is, if (R)™(p) = D(p) for al relevant pricesp. Similar methods have
been applied ever since in the experimental literature.

% Smith had sketched this method in an earlier working paper (Smith, 1973).
*1f the quantity ¢ maximizes the subject’s utility of wealth, u(R(q)-pa), then the first-order condition



1.2. Tests of auction theory

Auction theory has emerged as one of the most successful developments in microeconomic
theory and game theory since the early 1960s. A number of precise theoretical results for a
variety of auction forms were developed by the late economics laureate William Vickrey,
followed by a number of younger researchers (see Krishna, 2002, for an overview). Smith
initiated the experimental testing of many of these propositions, and has published extensively
on the subject (see, for example, Smith, 1976b, Coppinger, Smith and Titus, 1980, and Cox,
Robertson and Smith, 1982). Moreover, he pioneered the use of controlled laboratory
experiments as “wind tunnel” tests of new auction designs — for which precise theoretica

predictions are hard to obtain — before they are used in practice (see section 1.3).

Asthe term is commonly understood, auctions may seem of little importance for real-world
economies. However, by proceeding from simpler to more complex auction forms, theory has
deepened our understanding of the functioning of many real-world markets. Even some of the
simpler auction forms studied in theory are widely used in practice, particularly in the context
of deregulation and privatization of natural monopolies, public procurement, the sale of
government bonds, etc.

Central to Smith’s experimental work on auctions are the established theoretical predictions
for certain auction forms used in the sale of asingle object. Such auctions are traditionally
classified into four types. Inan English or ascending auction, buyers announce their bids
sequentially and in an increasing order, until no higher bid is submitted. In a Dutch or
descending auction, a high initial bid by the seller is gradually lowered in fixed steps at fixed
times regulated by a clock, until some buyer shouts “buy,” whereupon the clock stops. Both
of these auctions are usualy ora, and the trading priceis the last (first) bidder’ sbid. Inthe
other two auction forms, al biddersinstead simultaneoudly submit their bids in sealed
envelopes and the unit for sale is alocated to the highest bidder. In the first-price sealed-bid
auction, this bidder pays his or her bid to the seller; while in the second-price sealed-bid

auction, this bidder pays only the second highest bid.

Microeconomic theory al so distinguishes between auctions with private and common values.

In both cases, the value to each buyer istreated as a random variable. In the case of private

u'(w)(R'(0)-p)= 0 has to be met, granted u is differentiable.
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values, these valuations are statistically independent across the population of potential bidders
—the value to abuyer is hisor her purely idiosyncratic valuation of the object. In common-
value auctions, by contrast, the value to the buyers also has a common component, such asa
resale market value or the conditions in some related market (examples include spectrum

auctions and telecommunication markets).

Economic theory makes the following three predictions in the case of private values: (1)
English and second-price auctions are equivalent, in terms of who will (probabilistically)
obtain the item and the expected revenue to the seller. This result follows from individual
rationality (more precisely, from assuming that bidders do not use weakly dominated
strategies). (2) Dutch and first-price auctions are equivalent, a result which follows from the
more regtrictive assumption of Nash equilibrium behavior, that is, individual rationality
combined with interpersondly consistent expectations. (3) All four auction forms are
equivalent if all buyers are risk neutra (that is, if they are indifferent between participating in

an actuarially fair lottery and obtaining the expected lottery prize for sure; see a'so section 2).

Smith carried out many experiments — once more, controlling for demand and supply
conditions, while varying the market institution — in order to empirically test these and other
theoretical predictions.® In order to generate private values, each bidder was given a
randomly and independently drawn number, v, which was kept private to the bidder. If the
bidder won the auction and paid the price p, this subject would earn the monetary amount p—
v. Inregard to prediction (1) above, Smith discovered that English and sealed-bid second-
price auctions indeed produce similar experimental outcomes, just as theory says. Asfor (2),
Dutch and sealed-price first-price auctions did not give rise to equivalent outcomes, in
contrast with theory. In the case of (3), he found that models which presume that buyers have
identical attitudes toward risk could be rejected. Furthermore, he found that the average sale
price was higher in English and sealed-bid second-price auctions than in sealed-bid first-price
auctions, and that the latter yielded higher average selling prices than Dutch auctions.

Of these results, one of the most unexpected was that Dutch and sealed-bid first-price auctions
turned out to be unequivalent. Two theoretical explanations have been suggested. One is that

utility depends not only on the monetary outcome but aso on the “ suspense of waiting” in the



Dutch auction, the other that bidders underestimate the increased risk associated with waiting
in the Dutch auction. These and other possible reasons for the observed non-equivalence
between the two auctions are explored in Smith (1991b).

1.3. Thelaboratory asa “wind tunnel”

Smith, aswell as Plott, initiated the use of the laboratory as a“wind tunnel” (alaboratory
setup used to test prototypes for aircraft) in order to study the performance of proposed
ingitutional mechanisms for deregulation, privatization, and the provision of public goods.
These mechanisms are usually so complex that existing theory does not provide precise
predictions, which makes the experimental method particularly useful. In aseries of sudies
(Smith, 1979a-c, 1980, and Coursey and Smith, 1984) he studied the design of incentive-
compatible mechanisms for the provision of public goods. Inthese experiments, Smith tested
the effectiveness of mechanisms proposed by economic theorists, as well as some of hisown
variants. Smith has also done experimenta work on mechanismsto allocate airport time dots
by means of computer-ass sted markets (Bulfin, Rasenti and Smith, 1982, and M cCabe,
Rasenti and Smith, 1989) and on aternative organizations of energy markets (Rasenti, Smith
and Wilson, 2001).

1.4. Experimental methodology

Apart from substantive results on markets and auctions, Smith’s work has had an enormous
methodological impact. His seminal American Economic Review article “ Experimental
economics: Induced-value theory” (Smith, 1976a), provided a practical and detailed guide to
the design of economic experiments in the laboratory and a motivation for these guidelines
(see also Smith, 1982). In recent years, this paper has served as a paradigm for experimental

scholars in economics.

The experimental method developed by Smith deviates from the experimental approach used
in psychology (cf. section 2). It emphasizes the importance of providing subjects with

sufficient monetary incentives, in order to outweigh the distorting effects of decision cods.

® Smith (1976b) is aseminal paper on thistopic. See aso Coppinger, Smith and Titus (1980), who seem to have
been thefirst to test these propositions in a comparison of all four types of auction, and Cox, Roberson and
Smith (1982).



Smith’ s method also emphasi zes the importance of designing experiments as repeated trials,

so that the subjects can become familiar with and understand the experimental situation.

In many respects, the differences vis-a-vis psychologically oriented methods are a matter of
focus. Whereas psychologists have been predominantly interested in individual behavior,
Smith designed his original experiments mainly to analyze market outcomes. Genuine
differences of opinion about the appropriate methodology have not subsided, however. To
some extent, they reflect two different approaches to understanding human behavior, as
further discussed in section 2 (see Smith, 1991a, and Loewenstein, 1999, for different sides of
the debate).

Be that as it may, Smith’ s approach to experimentation constitutes a vital contribution, of
relevance not only for economists but also for other social scientists. For instance, Plott’s
experiments on decision-making in committees (Fiorina and Plott, 1978) followed much the

same approach and generated an extensive experimental literature in political science.

2. Foundations of behavioral economics

Nearly half a century ago, Edwards (1954) introduced decision-making as a research topic for
psychologists, outlining an agenda for future research, while Simon (1956) proposed an
approach to information processing and decision-making based on bounded rationality. But
research in cognitive psychology did not come into its own until Daniel Kahneman and Amos
Tversky (deceased in 1996) published their findings on judgment and decision-making.
Although adhering to the tradition of cognitive psychology, Kahneman’s research has equally
well been directed towards economists. Many of his articles have been published in
economics journals; one article, Kahneman and Tversky (1979), even has the highest citation
count of all articles published in Econometrica, by many considered the most prestigious
journal in economics. Given the barriers to communicating across traditional disciplines,
considerable effort has gone into building a bridge between research in economics and
psychology. Nowadays, there are in fact two bridges between these disciplines — one built

around experimental methods and the other around theoretical modeling. Both serve as the

® The importance of monetary incentives or repetition obviously depends on the hypothesis that the experiment is
supposed to test. Incentives may also affect different cognitive functionsin distinct ways (Nilsson, 1987).
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basis for the current wave of work in behavioral economics. Before discussing Kahneman's
specific contributions, the next section outlines some differences between conceptions of

decision-making in economics and psychology.

2.1. Decision-making in economics and psychology

Economists typically assume that market behavior is motivated primarily by material
incentives, and that economic decisions are governed mainly by self-interest and rationality.
In this context, rationality means that decision-makers use available information in alogical
and systematic way, so as to make optimal choices given the alternatives at hand and the
objective to bereached. It also impliesthat decisions are made in a forward-looking way, by
fully taking into account future consequences of current decisions. In other words, so-caled

extrinsic incentives are assumed to shape economic behavior.

In psychology, especially cognitive psychology, a human being is commonly regarded as a
system, which codes and interprets available information in a conscious and rational way.
But other, less conscious, factors are also assumed to govern human behavior in a systematic
way. Itisthismore complex view —where intrinsic incentives help shape human behavior —

that has come to penetrate recent developments in economic theory.

Economists have traditionally treated a decision-maker’ s preferences over available
aternatives as fixed and given. The decision-maker is assumed to form probabilistic beliefs
or expectations about the state of nature and the effects of her actions, and to process available
information according to statistical principles. More precisely, sandard economic theory
relies on the expected-utility maximization approach founded by von Neumann and
Morgenstern (1944) and extended by Savage (1953). Here, it is presumed that for every
decision-maker there exists some rea-valued function u, defined on the relevant set X of
outcomes X, %o,...X, such that if one available action a resultsin probabilities p; over the
outcomes x (fori=1,...,I) and another available action b resultsin probabilities g over the

same outcomes, then the decision-maker (strictly) prefersaction a to action b if and only if
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the statistically expected value of this “utility function” u isgreater under a than under b.’

Formally, the criterion for choosing a isthus
2ipu(x) > 2igiu(x) - )

Hence, given existing market conditions, which define the choice set available to the decison-
maker, the cognitive process is reduced to a problem of expectation formation and
maximization. The decision-maker is thus assumed to behave asif she correctly assigned
probabilities to relevant random events and chose an action that maximized the expected

value of her resulting utility.

By contrast, cognitive psychologists consider an interactive process where several factors may
influence a decision in a non-trivial way. These components include perception, which
follows its own laws, as well as beliefs or mental models for interpreting situations as they
arise. Intrinsic motives, such as emotions — the state of mind of the decision-maker — and
attitudes — stable psychologicd tendencies to relate to a given phenomenon in one's
environment — may influence a decision. Moreover, the memory of previous decisions and
their consequences serves as a critica cognitive function that also has a strong influence on
current decision-making. Given this complex view, human behavior isregarded aslocaly
conditioned to a given situation. Typically, behavior is adaptive; it is dependent on the

context and transitory perceptual conditions.

These differences between psychology and traditional economics also show up in research
methodology. While experiments in economics often emphasize the generality of a situation
and comprise monetary rewards and repeated trials, psychologists try to cgpture intrinsic
motivations and the mental processes at work in a particular decision situation, what has been

termed the framing of a decision problem.

Extensive behaviora evidence, collected by Kahneman and others through surveys and
experiments, calls the assumption of economic rationality into question, at least in complex
decision situations. A number of studies have uncovered a non-trivial amount of deviations
from the traditional model of rational economic behavior. For example, real-world decision-

makers do not always evaluate uncertain prospects according to the laws of probability, and

"To be exact, the function uis not a utility function: such functions map decision alternati ves (here actions) into
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sometimes make decisions that violate the principles of expected-utility maximization
outlined above. Kahneman's mgor contributions concerning judgment and decisions under

uncertainty are discussed in the following.

2.2. Judgment under uncertainty: heuristics and biases

Kahneman and Tversky discovered how judgment under uncertainty systematically departs
from the kind of rationality postulated in traditional economic theory (Kahneman and
Tversky, 1972, 1973, Tversky and Kahneman, 1971, 1973, 1974, 1982). A basic notion
underlying much of Kahneman and Tversky’s early research is that people in general are
frequently unable to fully analyze stuations that involve economic and probabilistic
judgments. In such stuations, human judgment relies on certain shortcuts or heuristics, which

are sometimes systematically biased.

One fundamental biasis that individuals appear to use alaw of small numbers, attributing the
same probability distribution to the empirical mean value from small and large samples,
thereby violating the law of large numbersin probability theory (Tversky and Kahneman,
1971). For example, in awell-known experiment it was found that subjects thought it equally
likely that more than 60 percent of births on a given day would be boys in a small hospita as
inalarge hospital. In general, people do not appear to realize how fast the variance of the

sample mean of arandom variable decreases with sample size.

More precisely, according to the statistical laws of large numbers, the probability distribution
of the mean from alarge sample of independent observations of arandom variable is
concentrated at the expected value of the random variable, and the variance of the sample
mean goes to zero as the sample size increases.® According to the psychological law of small
numbers, by contrast, people believe that the mean value from a small sample aso hasa
digtribution concentrated at the expected value of the random variable. This leadsto “over-

inference” from short sequences of independent observations.

the real numbers.

8 According to the most basic version of the law of large numbers, the following claim is essentially true for all
€>0 and for any infinite sequence of independent and identically distributed random variables with mean u: the
probability that the sample mean will deviate more than € from p goes to zero as the sample size goes to infinity.
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An example of the law of small numbersis when an investor observes a fund manager
performing above average two yearsin arow and concludes that the fund manager is much
better than average, while the true statistical implication is very weak. A related exampleis
the so-called gambler’ s fallacy: many individuals expect the second draw of a random
mechanism to be negatively correlated with the first, even if the draws are statistically
independent. If afew early tosses of afair coin give disproportionately many heads, many
individua s believe that the next flip is more likely to be tails. Recent work, such as Rabin

(2002), describes the importance of the law of small numbers for economic decisions.

The law of smal numbersis related to representativeness, a heuristic which Kahneman and
Tversky discovered to be an important ingredient in human judgment. Tversky and
Kahneman (1973, 1974, 1982) illustrated the function of this heuristic in several elegant
experiments. Subjects were asked to categorize persons, e.g., asa“salesman” or a“member
of parliament,” on the basis of given descriptions. Confronted with a description of an
individua — randomly drawn from a given population — as “interested in politics, likesto
participate in debates, and is eager to appear in the media,” most subjects would say that the
person is amember of parliament, even though the higher proportion of salespersonsin the
population makes it more likely that the person isasaesman. Thisobserved heuristic way of
thinking was examined further by Tversky and Kahneman (1973), who report an experiment
where some subjects received explicit information about the true proportionsin the
population. One design stated that the person to be categorized was drawn from a pool of 30
percent engineers and 70 percent lawyers, while another design reversed these proportions.

Theresultsrevealed that this difference had virtually no effect on subjects’ judgment.

The same heuristic can also prompt people to believe that the joint probability of two eventsis
larger than the probability of one of the congtituent events, in contradiction to a fundamental
principle of probability (the so-called conjunction rule). For instance, some subjectsin an
experiment thought that if Bjorn Borg reached the Wimbledon final, he would be less likely to
lose the first set than to lose the first set and win the match.

In an overview of behavioral finance, Shleifer (2000) argues that the law of small numbers
and representativeness may explain certain anomalies in financial markets. For example, the
excess sensitivity of stock prices (Shiller, 1981) may be aresult of investors' overreacting to
short strings of good news.
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Another bias common in probabilistic judgment is availability, whereby people judge
probabilities by the ease of conjuring up examples. The result is that disproportionately high
weight is assigned to salient or easily remembered information (Tversky and Kahneman,
1973). People thus overgate, say, the probability of violent crimesin acity if they personally
know someone who has been assaulted, even if they have access to more relevant aggregate
statistics. A generd finding in cognitive psychology is that, compared to unfamiliar
information, familiar information is more easily accessible from memory and is believed to be
moreread or relevant. Familiarity and availability may thus serve as cues for accuracy and
relevance. Therefore, mere repetition of certain information in the media, regardless of its

accuracy, makes it more easily available and therefore falsely perceived as more accurate.

Such evidence on human judgment demonstrates that peopl€’ s reasoning violates basic laws
of probability in a systematic way. By demonstrating this, Kahneman's research has serioudy

guestioned the empirica validity of one of the fundamentals of traditional economic theory.

2.3. Decison-making under uncertainty: prospect theory
Available evidence indicates that not only judgment, but also decision-making under
uncertainty departs in a systematic way from traditional economic theory. In particular, many

decisions under uncertainty diverge from the predictions of expected-utility theory.

Departures from the von Neumann-M orgenstern-Savage expected-utility theories of decisions
under uncertainty were first pointed out by the 1988 economics laureate Maurice Allais
(1953), who established the so-called Allais paradox (see also Ellsberg, 1961, for arelated
paradox). For example, many individuals prefer acertain gain of 3,000 dollarsto a lottery
giving 4,000 dollars with 80% probability and 0 otherwise. However, some of these same
individuals aso prefer winning 4,000 dollars with 20% probability to winning 3,000 dollars
with 25% probability, even though the probabilities for the gains were scaled down by the
same factor, 0.25, in both alternatives (from 80% to 20%, and from 100% to 25%). Such
preferences violate the so-called substitution axiom of expected-utility theory.® Kahneman

has provided extensive evidence of departures from the predictions of expected utility (see

9 By this axiom, if adecision-maker prefers lottery A to B, he should also prefer a probability mixture pA + (1-
p)C to the probability mixture pB + (1-p)C, for dl lotteries C.
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Kahneman and Tversky, 1979, Tversky and Kahneman, 1991, 1992, Kahneman and Lovallo,
1993, and Kahneman, Knetsch and Thaler, 1990).

One striking finding is that people are often much more sensitive to the way an outcome
differs from some non-constant reference level (such as the status quo) than to the outcome
measured in absolute terms. This focus on changes rather than levels may be related to well-
established psychophysical laws of cognition, whereby humans are more sensitive to changes

than to levels of outside conditions, such as temperature or light.

Moreover, people appear to be more adverse to losses, relative to their reference level, than
attracted by gains of the same size. Tversky and Kahneman (1992) estimated that the value
attached to a moderate loss is about twice the value attached to an equally large gain. That is,
people’ s preferences seem to be characterized by (locdl) loss aversion. With small stakes,
they generally prefer the status quo to afifty-fifty chance of winning, say, 12 dollars or losing
10 dollars. Thisrenders counterfactua the implied preferences over large gains and losses,
according to conventional economic analysis; see Rabin (2000). The common finding of
apparently risk-loving behavior with respect to large losses isinconsistent with the traditional
assumption of risk aversion.’® For example, Kahneman and Tversky (1979) found that seven
out of ten people prefer a 25% probability of losing 6,000 dollars, to a 50% probability of
losing either 4,000 or 2,000 dollars, with equd probability (25%) for each. Since the
expected monetary value of the two lotteriesis the same, the first lottery is a mean-preserving

spread of the second, and should thus not be preferred under conventional risk aversion.

Kahneman and Tversky moved beyond criticism, however, and suggested an aternative
modeling framework in their seminal article, “ Prospect Theory: An Analysis of Decisions
under Risk” (1979). While expected-utility theory is axiomatic, their prospect theory is
descriptive. It was thus developed in an inductive way from empirica observations, rather
than deductively from a set of logically appealing axioms. Later, Tversky and Kahneman
(1986) argued that two theories are in fact required: expected-utility theory to characterize
rational behavior and something like prospect theory to describe actual behavior. Although

expected-utility theory provides an accurate representation of actual choices in some

19 Asexplained in Section 1, adecision-maker is caled risk neutral if she isindifferent between participating in
any actuarially fair lottery and obtaining the expected prize for sure. A decision-maker who prefers the expected
prize for sureis caled risk averse, while sheiscalled risk loving if she prefersthe | ottery.
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transparent and simple decision problems, most real-life decision problems are complex and

cal for behaviorally richer moddls.

What, then, are the differences between the two theories? In the case of monetary gains and
losses, the decision criterion in expected-utility theory, equation (1) above, presumes the
existence of areal-valued function u of wealth w, for the decision-maker in the current
situation. If action a induces probabilities p; over the different levels w; of wealth, and
action b induces probabilities g, then the decision-maker (strictly) prefers a to b if and
only if

2 pru(w) > 25 gu(w) . @)

By contrast, prospect theory postulates the existence of two functions, v and =, such that the

decision-maker (dtrictly) prefersaction a over action b if and only if
i Ap)V(Aw) > 20 AG)V(AW) €)

where Awi=wi-w, isthe deviationinwealth from some reference level w, (which may be

initial or aspired wealth, see below).

There are three differences between the two models. First, in progpect theory, the decision-
maker is not concerned with final values of wealth per se, but with changes in wealth, Aw,
relative to some reference point. This reference point is often the decision-maker’s current
level of wedlth, so that gains and losses are defined relative to the status quo. But the
reference level can also be some aspiration level: a wealth level the subject strives to acquire,
given hisor her current wealth and expectations. Kahneman and Tversky argued that a
decision problem has two stages. It is"“edited”, s0 asto establish an appropriate reference
point for the decision at hand. The outcome of such achoice isthen “coded” asagainwhen it
exceeds this point and as aloss when the outcomefalls short of it. This editing stageis

followed by an evaluation stage, which is based on the criterion in (3).

The second difference relative to expected-utility theory concerns the value function v . In
addition to being defined over changes in wealth, this function is S-shaped. Thusit is concave
for gains and convex for losses, displaying diminishing sensitivity to change in both

directions. Furthermore, it has akink at zero, being steeper for small losses than for small
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gains. The function u in expected-utility theory, by contrast, is usualy taken to be smooth
and concave everywhere. The form of the value functionisillustrated in Figure 2 (Figure 3
in Kahneman and Tversky, 1979).

Third, the decision-weight function 7z is atransformation of the objective probabilities p and
g . This function is monotonically increasing, with discontinuities at O and 1, such that it
systematically gives overweight to small probabilities and underweight to large probabilities.
Itstypical shapeisillustrated in Figure 3 (Figure 4 in Kahneman and Tversky, 1979).

VALUE 1.0

LOSSES GAINS

DECISION WEIGHT: TT (p)

STATED PROBABILITY: p

Figure 2 Figure3

These differences make progpect theory consistent with the experimental evidence mentioned
earlier inthissection. Since people evaluate risky progpects on the basis of changesin wealth
relative to some reference level, appropriate assumptions about the editing stage would make
the model consistent with the common observation that people choose differently depending
on how aproblem isframed. Thekink on the vaue function at the reference point — making
the function much steeper for small losses than for small gains— implies that choices are
consigtent with loss aversion. As a consegquence of the diminishing marginal sensitivity to
change in the v function, decision-makers becomerisk averse towards gains (they value large
gains less than proportionally) and risk loving towards losses (they value large losses less than
proportionally), in line with the evidence. Moreover, the fact that the decision-weight
function overweighs small probabilities and underweighs large probabilities can explain the

Allais paradox.
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Prospect theory may also capture several regularities that appear as anomalies from the
perspective of traditional economic theory: the propensity for people to take out expensive
small-scale insurance when buying appliances, their willingness to drive to adistant store to
save afew dollars on a small purchase, but reluctance to make the same trip for an equally
large discount on an expensive item; or their resistance to lowering consumption in response

to bad news about lifetime income.

In sum, the empirical work conducted by Kahneman and others indicates several regularities
in choice under uncertainty, and the ideas incorporated in prospect theory go along way
towards explaining these regularities. Kahneman’ s results have provided researchersin
economics with new insights and have been instrumental in subsequent model building by
alerting decision analysts to the errors commonly committed by real-life decision-makers. A
further extension of prospect theory, known as cumulative prospect theory (Tversky and
Kahneman, 1992) addresses some weaknesses of the original version. In particular,
cumulative prospect theory allows for prospects with alarge number of outcomes, and it is

consistent with stochastic dominance.**

Prospect theory and its extensions have taken important steps towards a more accurate
description of individual behavior under risk than expected-utility theory. It now forms the

basis for much of the applied empirical work in thisfield.

1 Cumulative prospect theory combines prospect theory with a cumul ative approach devel oped by Quiggin
(1982), Schmeidler (1989) and Luce and Fishburn (1991).
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3. Summary

Daniel Kahneman has used insights from cognitive psychology regarding the mental
processes of answering questions, forming judgments, and making choices, to help us better
understand how people make economic decisions. Other psychologists have also made
important contributions along the same lines. But Kahneman's work with Tversky on
decision-making under uncertainty clearly stands out as the most influential. Kahneman also
made early contributions to other areas of behaviora economics. One exampleis hisjoint
work with Knetsch and Thaler (Kahneman, Knetsch and Thaler, 1986) on the importance of
fairness considerations. This has become alively field of research, and many experimental
studies have subsequently been carried out by other researchers, showing that a variety of
market behaviors can be derived from considerations of fairness and reciprocity (see e.g. Fehr
and Falk, 2002 for arecent review). Through this and other work, Kahneman has been a
major source of inspiration behind the recent boom of research in behavioral economics and
finance. Hisresearch has also had a substantial impact in other fields. It iswidely quoted in

other social sciences aswell aswithin the natural sciences, the humanities and medicine.

Vernon Smith isthe most influential figure in launching experiments as an empirical
methodology in economics. Unlike Kahneman, he did not start out by challenging the
traditional economic theory of rational decision-making. Rather, he tested aternative
hypotheses regarding market performance, in particular the importance of different market
ingitutions. While Kahneman's surveys and experiments have mainly focused on decisions
by individua agents, Smith has focused his experiments on the interaction between agentsin
specific market environments. He has also emphasi zed methodological issues, developing
practical experimental methods and establishing standards for what constitutes a good
experiment.? Other researchers have furthered this tradition. Charles Plott, in particular, has
written several important papers, further developed the experimental methodology and spear-
headed experimental research in new areas. But it islargely through Smith's achievement that

many economists have come to view laboratory experiments as an essential tool.

12 Since experi mentati on with human subjects had been awell-established method in psychology for amost a
century, it was more important for Smith than for Kahneman to devel op experimental methodol ogy.
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A current wave of research draws on the combined traditions of psychology and experimental
economics. This new research is potentially significant for all areas of economics and
finance. Experimental evidence indicates that certain psychological phenomena— such as
bounded rationality, limited self-interest, and imperfect self-control — are important factors
behind a range of market outcomes. To the extent parsimonious behavioral theories,
consigtent with this evidence, can be developed, they may eventually replace elements of
traditional economic theory. A challenging task in financial economicsisto consider the
extent to which the effects of systematic irrationality on asset prices will be weeded out by
market arbitrage.

Although Kahneman's and Smith's research agendas differ in many respects, their combined
scientific contributions have already changed the direction of economic science. Economics
used to be limited to theorizing by way of arelatively simple rationalistic model of human
decision-making, homo oeconomicus, and to empirical work on field data. When they
appeared, Kahneman's and Smith’sinitial works were received with skepticism by the
scientific community in economics. It took considerable time and much further research
before their main ideas seriously began to penetrate the profession. It istheir achievement
that many — perhaps most — economists today view psychological insights and experimental

methods as essential ingredients in modern economics.

4. Suggestions for further reading

Smith (1962) and Kahneman and Tversky (1979) are two classical articles by this year's
laureates. For collections of pgpers we refer to Smith (2000) and Kahneman and Tversky,
eds. (2000). Overviews of thefields are given in Kagel and Roth, eds. (1995), and in Rabin
(1998).
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