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Bets and bids: favorite-longshot bias and winner’s curse

Jan Potters, Tilburg University

Jorgen Wit, University of Amsterdam

Abstract

A well-documented anomaly in racetrack betting is that the expected return per dollar bet on a
horse increases with the probability of the horse winning. This socalled "favorite-longshot bias" is
at odds with the presumptions of market efficiency. We offer a new solution to this much-debated
puzzle which is related to another famous anomaly. We show that the bias can be explained by the
same behavioral assumption that underlies the well-known "winner’s curse" in common value

auctions.
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1. Introduction

A prime concern of economists is the efficiency of markets. Do markets allocate resources to their
most valued use? One of the issues at stake here, is the extent to which market prices aggregate
and reflect all relevant information. For example, when traders are expected value maximizers,
(weak) market efficiency requires that the expected return on investments should be the same
across different assets. In another (stronger) form, efficiency requires that no asset offers a positive
expected return.

Unfortunately, many asset markets offer a less than ideal setting to test (the various forms
of) market efficiency. One of the difficulties is that many securities are infinitely lived and that the
"true" underlying value of an asset does not reveal itself at any point in time to be compared with
its price. Therefore, to test efficiency, economists have turned to institutions which are less
important in itself, but which offer a more promising setting for empirical inquiry. One such
institution is the market for racetrack bettings. Comforting in some sense, is the finding that these
betting markets exhibit a relatively high degree of efficiency. Market odds are good predictors of
winning chances. Nevertheless, there is one robust finding which is incongruous with market
efficiency: the favorite-longshot bias (for a brief exposition, see Thaler and Ziemba, 1988). The
implied winning probabilities of the market odds underestimate the winning chances of horses with
a high winning probability (favorites) and overestimate those with a low winning probability (the
longshots). As a consequence, the expected return of a dollar bet is not equal across bets and there
are bets (on the favorite) with a positive expected return.

Several explanations for this anomaly have been offered. Some argue that betters are
locally risk seekingas a consequence of which the usual preference over the return’s variance is
reversed (Quandt, 1986). An explanation, in line witftospect theory(Kahneman and Tversky,
1979), is that people tend to overestimate small probabilities. Thaler and Ziemba (1988) suggest an

explanation along the lines ofmental accountingwhere bets are partially determined by an
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individual's win-loss account of preceding bets. Finaligsider trading has been hinted at as a
potential source for biases (Shin, 1992). We do not wish to discuss these explanations at length or
argue with their potential validity. Suffice it to say that the issue is far from settled. What we wish
to do, however, is offer a new explanation, resting on a behavioral assumption that has proved
successful in explaining another well-documented anomaly: the winner’s curse.

The winner’s curseis the phenomenon that the winning bidder in an auction for an item
with a strong common value component, often stands to incur a loss (see, e.g., McAfee and
McMillan, 1987). The driving force behind this phenomenon is a judgmental failure which leads to
a kind of adverse selection. Bidders do not take into account that the mere fact of winning the
auction reveals information about the item’s value, namely, that the winning bidder's sample
information of the item’s worth is the maximum of these samples. Even if each bidder's sample
information is an unbiased estimate of the item’s value, it is a biased estimate conditional on the
event that it is highest.

In the next section we present a simple static model of racetrack betting which shows that
the type of judgmental failure observed in common value auctions, leads to the favorite-longshot
bias in betting markets. For the intuition behind the result to be as transparent as possible, this
model will have only two betting options, and no transaction costs. Section 3 discusses several

extensions of the model.

! Elsewhere (Potters and Wit, 1995), we have shown that this behavioral assumption is also
capable of explaining a less well-known anomaly, namely, the negative correlation between price
bias and common value observed in experimental political stock markets.



2. A simple model of racetrack betting

Racetrack betting is similar to a common value auction in the sense that both bets and bids are
mainly motivated, not by differences in taste, but by judgmental differences across individuals

about the (expected) common value of the assets. The typical way to model a common value
auction (e.g., Kagel and Levin, 1986) is by assuming that individual bidders are characterized by
different pieces of information about the true common value. In the same way we proceed to

model the betting market. In order to arrive at a simple closed form solution and to convey the

intuition as plainly as possible, we will employ the simplest of possible settings. A discussion of

extensions is delegated to the next section.

There are N betters, and each better has an endowment of E dollars. There are two possible
bets (horses), ;hand h, and N denotes the amount of bets (dollars) on(j1,2). Under the
American, socalled, parimutuel payoff system and in the absence of transaction costs, this implies
that the gross payoff of a dollar bet opis equal to (N+N,)/N;. The implied "price” of a bet on;h
can then be defined ag p= N/(N,+N,), for j=1,2. In racetrack terms, has odds of 1/gl to 1.

The true probability of horse; lwinning the race is denoted by Wand we define W := W= 1-
W,, and p := p = 1-p,. To characterize the information possessed by the betters we make the

following assumption.

ASSUMPTION 1

@ It is common knowledge that the winning probability W is a random draw from a uniform
(0,1) distribution. The actual value W is unknown to every better.

(i) Each better i (i=1,2,..,N) receives a private information signalTkis signal is a random
draw from a uniform (We,W+e€) distribution, whereelJ[0,%2] is a commonly known

positive real number.
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With this information structure every individual better possesses a small bit of information. A
better knows that this information is an unbiased estimate of the winning probability, and that the
signal is monotonically correlated with the winning probability. Low signals are supported by low
winning probabilities and high signals indicate high winning probabilities. At the same time, the
collection of betters has superior knowledge about the winning probability. If they could share their
information, a large number of betters would be able to estimate the winning probability
consistently?:

We introduce three behavioral assumptions. The first assumption concerns the motivation
of betters. The second assumption describes betters’ price-taking behavior. The third specifies

betters’ myopic information processing. Together they specify betters’ strategies.

ASSUMPTION 2

Betters are risk-neutral; they try to maximize expected (net) payoffs.

ASSUMPTION 3

Betters are odds-takers; they ignore the consequences of their individual bets on the odds.

ASSUMPTION4
Betters base their expectations solely on their subjective posterior belief regarding the

distribution of W.

Assumption 2 implies that if the actual value of W is known to all betters, the unique equilibrium
price supported by the model i$ p = W. In this case the odds reflect the true winning probabili-

ties. Of course, in such a full information equilibrium, the number of bets on the horses is

2 This description of the information structure is in line with Hayek’s ideas (1945).



5

indeterminate, as each bet has zero expected r&turn.

Assumption 3 is common in Walrasian general equilibrium models. Betters are assumed to
disregard the effect of their individual bet on the odds. Implicitely, it assumes the number of
betters to be large.

Assumption 4 describes the judgmental failure which leads to the winner's curse in
common value auctions. In such an auction, the highest bidder will receive the item but will incur
a loss. He or she does not take account of the fact that the mere fact of winning the auction reveals
information about the private information of other bidd&ils. the present model this assumption
implies that betters do not take account of the (equilibrium) mapping of other betters’ private
information into bets and, hence, odds. The next theorem shows that the consequence of this
assumption is that, as the number of betters becomes large, the implied equilibrium price
underestimates the winning probability if a horse has a high change of winning (a favorite), and

overestimates this probability if a horse has a low probability of winning (a longshot).

3 According to Quandt’s (1986) explanation of betting behavior - local risk seeking -, betters
would still strictly prefer to place bets in a full information equilibrium, since they like the payoff
variance implied by betting.

* In an auction for an item with a common value of W, a bidder with private signailisbase
his bids on the expectation E[W]s= s if he falls prey to the judgement bias described by
Assumption 3. A rational bidder who avoids the winner’'s curse, however, will base her bids on
E[W|s = max,s] = s - €(N-1)/(N+1). See, e.g., Kagel and Levin (1986).



THEOREM
Under ASSuMPTIONS 1-4, and as the number of betters becomes large, the implied
equilibrium price p for i given a winning probability W, converges in probability*to:

. W+e
1+2¢

Here, we will give an informal sketch of the proof. The formal proof is relegated to the Appendix.
By Assumption 1, for a better with signal, she expected winning probabibility of, hs
equal to s Under Assumptions 2-4 then, a better with private signali bet on h, (h,) if s; > (<)

p. Hence, the total fraction of bets on Will be equal to:

N

N, 1 |
N le; [s>p]
where [, is the indicator function. By the parimutuel payoff system, in equilibrium we must have

that the implied price be equal to the fraction of bets gnph= N,/N. As the number of betters

goes to infinity this equilibrium equation requires:

p = 1-G(p/W)
where G(/ W), the conditional distribution of private signals is uniform on (We,W+¢).
Straightfoward calculation shows that given above is the unique solution to this equation.

Basically, the intuition behind the result is that betters tend to bet on the cheaper ticket, as
they disregard the information contained in the (equilibrium) odds about the information possessed
by other betters. To illustrate the market forces that drive the implied price away from the true
winning probability, suppose that W > %2,(is the favorite). First, suppose that the implied price

for h, correctly reflects the true winning probability: p = W. Asis an unbiased estimate of W, all

® For simplicity we assume here that the winning probability lies in the intenall{Z]. In
the formal proof we also handle the 'border problems’ that arise for winning probabilities outside
this interval, but they mess up the presentation considerably.
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betters with private signals s p would place their bet on,hand betters with private signals<s
p would place their bet on,hAs all betters have unbiased sample information, the proportion of
betters in both groups would tend to be equal if the number of betters is very large. However, with
N, = N, the parimutuel payoff system would give an implied pricke = % < W, which
contradicts the suppositiop = W. Hence, ap = W there is a downward pressure on the price. In
turn, at p = N/(N;+N,) = Y2 < W, betters with private signals 3 %, would tend to wager their
bets on h As all betters have unbiased information and W > %, the fraction of betters with/s
is larger than ¥2. However, with N> N, the parimutuel payoff system would give an implied an
implied price d p = N,/(N,+N,) > Y. Hence, Bp = %, there is an upward pressure on the price. In
sum, & p = W there is a downward pressure on the price, ang at¥ there is a upward pressure.
Only at some price, %2 < p < W, these pressures cancel. From the viewpoint of market efficiency,
however, too few bets tend to be placed on the favorite and too many on the longshot in this
equilibrium.

The implications of the simple model are quite impressive. It tells us that an infinitely
large group of betters, who are privately given unbiased information and use this information in a
Bayesian way, will bet in a such a way that the odds do not reflect the true winning probabilities
almost surely, if the betters do not take account of the equilibrium correspondence between private
information and betting odds (assumption 4). In case W > %, the priceglied by the odds (h
has odds of 1/l to 1) is smaller than W and in case W < % the price is larger than W. The bets
wagered give a correct reflection of the true winning probabilities, only if the winning changes of
the horses are equal (W = %2). Hence, the theorem predicts a favorite-longshot bias, and, for fixed
€, a negative relation between the prediction bias\pand the winning probability W. The more
favorite or longshot a horse, the larger the prediction bias implied by the betting odds. These
implications are fully borne out by empirical studies of racetrack betting markets (see, e.g., Thaler

and Ziemba, 1988).



3. Discussion

The model in the preceding has been kept as simple as possible, in order to arrive at a neat closed
form solution. Here, we will shortly discuss four possible extensions that we have examined.

Firstly, an extension of the model with transaction costs ("track take" and "breakage") is
laborious, but does not qualitatively change the results. It appears, however, that under certain
conditions a no-trade equilibrium results. This occurs if the transaction costs are relatively high and
betters do not disagree sufficiently on the winning probabiktgrhall).

Secondly, we looked at models with more than two betting options (horses). It appears to
be difficult to find analytical solutions for the equilibrium price vector. We have run several
simulations, however, which all indicate that the favorite-longshot bias is not typical to two-horse
races.

Thirdly, we examined several other (non-uniform) distributions of the private information
signals. It appears that the implications of the model "survive" these other distributional assump-
tions. We do not have a formal proof that the favorite-longshot bias occurs aliddistributional
assumptions, but, definitely, it is not an anomaly of the uniform distribution.

Finally, we have examined the inclusion of a fraction of betters with "rational expecta-
tions", that is, a fraction of betters that does take account of the equilibrium mapping between
private values and bets. It appears that it is possible to get a non-biased equilibrium (p=W) if this
fraction of rational betters is large enough. Furthermore, for this non-biased equilibrium to exist,
the fraction of rational betters must be larger, the further W moves away from ¥2. Foremost, this
extension shows that the favorite-longshot bias is not innate to the institutional setup of the
racetrack betting market, but rests on the judgmental failure described by assumption 4.

In conclusion, whereas many of the previous explanations of the favorite-longshot bias rest
on "motivational” considerations, our explanation rests on an "informational® consideration. It

appears that, in a standard type Walrasian equilibrium model, the anomaly can be explained by the
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same information-processing assumption that underlies the winner's curse in common value

auctions.
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Appendix

PROOF OF THETHEOREM

Assumption 1 describes the information possessed by the betters. The prior belief with respect to

the winning probability W is given by the density function f(w),

f(w)=-1

{O<w<1}

The private signal;d9s an independent draw from a density |g(s W):

1
g(s‘\/\/):gl{w—s<S<W+s}'

Hence, for better i, the posterior belief about the common value can be described by

f(w|s)=cl

{max[0,s -¢],min[1,s +e]}

where ¢ is a known constant. The posterior expectation about the winning probability, denoted by

w(s), is found to be an increasing function of the information signal s
wW(s)=4W|s] =%{max[0,sl —e]+min[1,s +e]}

Assumptions 2 and 4, enable us to write down the utility maximization problem for better i. In this
problem ¢, and q, denote i's demand for bets for horse 1 and 2, anchBd B, are the payoffs

for a dollar bet on horse 1 and horse 2 respectively, where

0
B _%—1 with probability W
-
O-1 with probability 1-W

and

Using this notation, the individual’'s maximization problem can be written as

max gqi,lBl+qi,ZBZ}
st. g,+q <E.

Using Assumption 4 one can rewrite this problem as:
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W(S)-p - P-W(S)

p " Ip
st. g,+q <E.

max {qiyl

}

The corner solutions of this problem give the individual demand correspondences

0
HE if p<w(s)
0
U

6,.(P)= H0.El if p-w(s)
0
50 if p>w(s)

and

q.,(P)=E-q, ,(p)-

The aggregate demand correspondence for bets on horse 1 can be denoted by:

QP=Y 6P EX_ {2 gy (0L i b

and aggregate demand for bets on horse 2 by:

Qz(p)EZ 0, ,(p)=NE-Q,(p)

By the parimutuel payoff system, the equilibrium price rpust be equal to the fraction of bets on
h,:

N_ QNl(p) _ - v QP 7) - Z(p™-0.
QP MN+Qp ™) NE
where Z() is defined by
 Q(p)
Z(p)=p NE

This price is uniquely defined, as Z() is strictly increasing in its argument, and Z(0)<0 and
Z(1)>0. In order to establish the relation between the true winning probability and the equilibrium
price, we will examine the equilibrium condition, conditional on W%Wvhere W satisfies

0<WP’<1. Limit behavior can be established by using Kolmogorov's weak law of large numbers.
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For a fixed p one can find:

N

Ql(p)\Wozlz{l +[0,1]1, }IW° i Prob(w(s) >p|W?°)
“NE N4y el B W) - ) >P ,

Thus,

p
Z(p)|W® — p-Prob(w(s)>p|W°).
Define p* as the solution in p of

p-Prob(w(s) >p|W°)=0,

After tedious but straightforward calculations, it follows that the solutioogm be written as

Oooo
Nj=
=
o
+
™

for WO%2¢2

1

+
™

for 2e’<W°P%<1-2¢2

©
H*
I
=
B

for Wo>1-2¢2
To complete the proof, it is shown that',pconditional on W=W, converges in probability to p*.
As Z(p) is strictly increasing in p, this can be established by using the equivalence
p>p" = Z(p) >0.
Now, for everyd>0, one can findy,,y,>0 such that

limProb[p “<p *-6|W°] =limProb[Z(p *-8)>0|W? =lim Prob{Z(p )>y, W] =0,
N oo N- oo

N o

and
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limProb[p ">p *+6|W°] =lim Prob[Z(p *+8)<0| W =lim Prob[Z(p *)<-y, | W] =0.
N- oo

N- oo N- oo
Combination of these expressions yields

limProb[ |p N-p*[>8|W-W?] =0, [06>0,

N o

which is equivalent to
p
pNW=W? — p-~.

Q.E.D.
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Appendix A. "tedious, but straightforward calculations" (not for publication)
The relation that determines [s:
p =Probjw(s)>p "W

If 2e<sW°<1-2¢, then w(9=s. Thus

o_
Prob{w(s) >p|W? _Wpre
2¢
and
. WO+g
P 1+2¢

For W’>1-2¢, we can use the equivalence

Probfw(s)<x|W°] =Probs<x|s<1-¢,W% Prob[s<1-¢ |W°] +
Prob[%(sl+1—a)<x\sl>1—a,W°] Prob[s>1-¢ W]

to find
U
E 0 X<WP°-¢
U
D 0
E X—V2V e WO-g<x<l-¢
D (A
U

Prob[w(s|)<x\W°]=E i

gL-W?, x-1+e 1-e<x< L(1+WO
DD 2¢ e B 5( )
O
. 1
E 1 X>§(W°+1)

If the unique fixed point plies in the interval [W-¢,1-€] then we find

where it is required that
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. < WO+e
1+2¢

WO~ <l-g¢ = WPO%<1-2¢2

If the unique fixed point plies in the interval [1g,%2(1+W)] then we find

WO+
T ey

where it is required that

Lowe-1)
le<?  <lawoi1) o wos1-2¢2
1+e 2

For WP<2¢, we can use the model’'s symmetry.



