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I. Introduction

Betting at racetracks and investing in the stock
market have several characteristics in common.
In neither situation are future earnings known
with certainty. Both situations are characterized
by a large number of participants and by the
availability of extensive information and profes-
sional advice. Horse racing data, therefore, per-
mit interesting tests of the efficient market
theory.

Numerous authors have analyzed horse racing
data and various conclusions have been con-
firmed: (1) There is a systematic tendency to
overbet long-shots and underbet favorites
(Rosett 1965, 1971; Snyder 1978; and Ali 1979).
(2) The tendency to overbet long-shots is
strongest in late races (McGlothlin 1956; Asch,
Malkiel, and Quandt 1982). (3) The utility func-
tion of bettors is convex, indicating risk love
(Weitzman 1965; Asch et al. 1982). Figlewsky
(1979) tested hypotheses concerning whether the
betting “*market’ is efficient with respect to
track odds and handicappers’ picks of winning
horses. By fitting a logit model with horses’ win-
loss records representing the dependent variable
and track odds and handicappers’ picks the inde-
pendent variables, it is shown by likelihood ratio
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Do market inefficien-
cies in racetrack bet-
ting permit profitable
strategies to be devised
on the basis of ob-
served betting pat-
terns? Logit analysis of
market data indicates
that profits cannot be
earned in win betting,
although it is possible
to outperform the aver-
age bettor substan-
tially. Surpris-

ingly, profits net of
transactions costs on
place and show betting
appear possible, al-
though there are rea-
sons to suspect that
such opportunities may
not be exploitable on a
substantial scale. The
findings do not suggest
irrational behavior by
bettors.
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tests that handicappers’ picks are substantially accounted for in the
track odds. Finally, Hausch, Ziemba, and Rubinstein (1981) analyzed
betting horses to place (come in first or second) or to show (first,
second, or third) and found that inefficiencies exist in place and show
betting.

The present paper analyzes a new sample of racetrack results from
Atlantic City, New Jersey. We investigate how well the track odds and
the morning line odds (rather than handicappers’ picks) predict the
victors of races. But there is an important further question that re-
quires attention. If track odds and other publicly available information
do very well in predicting winners, one might want to use such infor-
mation in betting; yet this use of information will tend to lower the odds
(and payoffs) of the horses predicted to win.

The pertinent question, then, concerns the efficiency of the race-
track betting market. If efficiency is perfect, the rate of return to every
betting strategy based on available information should approximate
closely the track ‘‘take.”” For the sample of races analyzed here, the
take is about 18.5%:; thus investors who pursue any strategy should
earn a negative return close to 18.5%. It is of particular interest to ask,
however, not whether the racetrack betting market is efficient in this
very stringent sense, but whether there exist departures from effi-
ciency sufficiently large to permit profitable betting strategies. Can
one, in other words, devise strategies based on observable betting
patterns that imply positive rates of return? Only if such unexploited
arbitrage opportunities were being consistently neglected could we
conclude that the racetrack betting market was inefficient.’

A second question is, If one were able to predict winners by using
publicly available information, would such a finding be inconsistent
with the assumption of rational behavior in the racetrack market?
Rosett (1965) has shown that rationality imposes requirements on the
relationship between return and the probability of winning by exploit-
ing the possibility of combination strategies, such as parlays. He found
specifically that the return to low-win-probability horses appeared
lower than predicted by the rationality assumption. We comment on
this issue in the concluding section.

1. An analogy may be made to empirical research in the stock market. Departures
from perfect efficiency have often surfaced in empirical tests, such as some findings of
serial correlation and evidence of inferrable information from “‘insider’’ trading that is
not immediately reflected in market prices. Nevertheless, the conclusion remains that, in
general, any departures from efficiency are not large enough to permit an investor to
devise an active strategy that can consistently beat a passive buy-and-hold strategy. In
this sense, the empirical evidence generally supports a finding of efficiency for the stock
market.
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II. Data and Definiiions

The Data Set

Observations are based on the entire 1978 thoroughbred racing season
at the Atlantic City Race Course, which includes 712 races and 5,714
horses. The data are

1. The ““morning’’ line odds for each horse in each race, determined
by the track’s professional handicapper and printed in the daily racing
program. These are the handicapper’s estimates of the winning proba-
bilities for each horse that confront bettors before the start of each
betting period.

2. Parimutuel odds for each horse in each race at various points
(*‘cycles™) during the betting period. Twenty-four cycles are typically
recorded, showing the minute-by-minute course of the actual betting
for each race. Only some of the available cycles were employed in the
analysis.

3. Final parimutuel odds for each horse, given at the final betting
cycle. The odds are determined by the ratio of the betting pool avail-
able for distribution to the amount bet on each horse. The racetrack
subtracts a percentage or ‘‘take” from the total betting pool to cover
taxes, expenses, and profits. In addition, the track enjoys ‘‘breakage,”’
the gain from being allowed to round payoffs downward (to the nearest
10 cents or 20 cents on a $2.00 bet), or to round odds downward (to the
nearest tenth). The total betting pool minus the take, including break-
age, is paid on the winning horse.

4. The outcome of each race.

Some Definitions

The following definitions are employed: B = the total amount bet on
the race; b, = the amount beton horse h, h = 1,2, ..., H, where H is
the number of horses in the race. It follows that

Let t = the total take of the track including breakage, all expressed

as a percentage of the total bet. The odds of horse 4 may then be stated
as

_BA-0-by_BA -1 _
bh bh

We define the (bettors’ subjective) probability that horse A will win
the race, P;,. It follows then that
bh

Py = —= = (1= 01 + O

Oh 1.
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One can also define implicit or marginal odds derived from bets made
late in the betting period. The betting period is approximately 25 min-
utes, the time between races. Define cycle 1 as the betting cycle en-
compassing the first 17 minutes (the first %) of the betting period, and
cycle 2 as the betting in the last 8 minutes (the last '3) of the bet-
ting period. The marginal odds on horse 4 in betting cycle 1, O, ; =
[By(1 — 0)/by,] — 1, where B, is the total amount bet up to the
end of cycle 1, and b,  is the amount bet on horse 4 up to the end of
cycle 1. The final odds on horse 1 (which are also the odds on the horse
derived from all betting up to and including cycle 2), are

By(1 -1

1,
by, 2

Op,2 =
where B, is the total amount bet through both cycles (1 and 2) and b, »
is the total amount bet on horse A through both cycles (1 and 2).

Define the marginal odds as the odds derived from the betting during
a particular cycle, but not including previous cycles. We seek the
marginal odds created by bettors in cycle 2, namely, the bets of the
“late money,”” or what is sometimes hypothesized to be the “‘smart
money.’’ The argument is that bettors with true inside information will
prefer not to signal that information to the public until late in the
betting cycle to minimize ‘“‘following’’ behavior on the part of other
track bettors.

The marginal odds on horse 4 in cycle 1 are simply the regular odds,
that is:

0’)’:,1 - Oh‘l-

The marginal odds on horse 4 in cycle 2 can be derived from the odds at
the end of cycles 1 and 2, as follows:

Op,2bp,2 — Op, lbh'l.
bp,2 — b,

Finally, define a payoff W,, from horse A as unity plus the final odds if
h wins and zero otherwise. A horse that goes off at odds of three to one
pays $4.00 for each dollar bet if the horse wins. A rate of return R from
betting one dollar on one horse in each of N races is R = (EW,, — N)/
N, where W, is the sum of payoffs in the N races.

O'J':'.z =

III. Models and Results
Define Wj; as the win function of the ith horse in the jth race, by
WU = B'X,J- = Uy,

where B’ is a vector of coefficients, x; a vector of observable variables,
and u; an error term. W; may be thought to measure the “‘winning-
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ness”” of a horse and to depend on a systematic part (B'x;) and a
stochastic part. The ith horse wins the jth race if W; > W, ..., W; >
W, j» where n; is the number of horses entered in the jth race. If the u;
are assumed to have independent extreme value (Weibull) distribu-
tions, this leads to the well-known logit model, giving the probability
that the ith horse wins the jth race as

exp(B’x;)

Py = —= .
Z exp(B'xy)
k=1

U

Estimates of the B’s are obtained by maximizing the likelihood func-
tion. It is well known that the logit model possesses the independence
of irrelevant alternatives property: the relative odds for horses i and &
(P/Py;) depend only on the characteristics of these horses. As a first
approximation this appears to be reasonable for horse racing.

Table 1 displays some basic results. All independent variables were
odds converted to probabilities. Thus ML represents the win probabili-
ties implied by the morning line odds, F the probability based on the
final odds, and M2 the probability based on the marginal odds for cycle
2 (the last Y5 of the betting period). The variable M2 is included in some
of the computations to account for the possibility that the late bettors
(smart money) have better information than the aggregate of all bet-
tors. All coefficients are highly significant and, comparing runs 1, 2,
and 3 with 4 and 5, respectively, the likelihood ratio test emphatically
rejects the null hypothesis that the morning line odds or the final odds
or the marginal odds alone provide a satisfactory explanation. In par-
ticular, we reject the null hypothesis that the morning line odds contain
no information not already accounted for by the track odds. The proba-
bility of winning is positively and significantly affected by the morning
line and final track probabilities as well as by the marginal probabili-
ties. Including F and ML as well as M2 causes the standard errors to

TABLE 1 Logit Results
Logit Run
Variable 1 2 3 4 5
ML 9.99 Wi ToR 4.15 4.74
(.54) X (1.02) (.96)
F A 6.42 - 4.26 o
(.33) ’ (.62) s
M2 Mo 5.74 v 3.54
(.30) (.54)
Log likelihood  —1,280.0 —1,265.0 -1,270.0 —1,257.0 —-1,258.0

Note.—Asymptotic standard errors in parentheses.
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increase sharply, and no further significant improvement occurs in the
log likelihood when both these variables are included.’

Simulations Using Only Win Bets

Using the results of the logit estimation one can perform the following
simulations. For each race, using the coefficients in run 4 or 5 one may
compute the win probability P;-J- for each horse. We may then consider
the following strategies:

Strategy 1: In each race j(j = 1, ..., N) bet $2.00 on the horse with
the highest P

Strategy 2: In each race bet $2.00 on the horse with the highest Pg if
P, = v, where vy is a ““filter”” coefficient.

Strategy 3: In each race bet $2.00 on the horse with the highest Py, if
the highest P is at least 3.5 times greater than the second highest f
Strategy 3 dlﬂ'ers from strategy 2 in its concern, not for a high Pu per se,
but rather for selecting horses to bet only if the second choice by the
criterion function is sufficiently inferior to the first choice.

Running such simulations on the sample from which the coefficients
were obtained would bias the results. We therefore divided the sample
into two halves and reestimated runs 4 and 5 from each of the two
halves.> We then used the coefficients from each half sample for simu-
lations on the other half sample.

For each simulation one can compute the rate of return for each of
the strategies. These are displayed in table 2. The results show that all
but one of the rates of return are better than the rate of return implied
by the track take (—0.185) if the market is perfectly efficient, as defined
above. Averaging the rates over the two half samples shows that mar-
ginally better results are obtained with run 5, that is, when the marginal
odds pertaining to the last 8 minutes of betting time are used instead of
the final odds. For one of the strategies the average rates of return
indicate that betting can almost be a fair game. The results demonstrate
clear departures from perfect efficiency but do not suggest the possibil-
ity of betting strategies that are profitable after accounting for the track
take.

Simulations Using Place Bets and Show Bets

An alternative to placing win bets is to bet the selected horse to place
or to show. The selection of the horse in each race was based on the
same strategies discussed before but in the present simulations place or
show bets were made. The rates of return are shown in table 3. All

2. The standard errors increase because of collinearity between F and M.

3. The coefficients from the half samples and the results of the likelihood ratio tests
comparing the half-sample runs 4 and 5 with half-sample runs 1, 2, and 3 are similar to
those reported in table 1.
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returns are positive. Betting the horse with the highest win probability
to place yields a higher return than betting it to show. The number of
horses on which bets are made under strategy 2 withy = .5 or .6 and
under strategy 3 is sufficiently small so that one cannot place great
confidence in the resulting return figures. But for strategy I, for ex-
ample, involving 356 bets in each subsample, the return to place betting
ranges from 0.143 to 0.176. Finally, one may note that for those strate-
gies which allow a large number of horses to be bet on (strategy 1 and
strategy 2 with y = .4), the results of run 5, which employ the morning
line and marginal odds, are slightly better.

Even simpler strategies can yield positive returns. One could, for
example, predict the winner on the basis of logit runs 1, 2, or 3, em-
ploying a single explanatory variable.* The results are broadly compa-
rable but somewhat less favorable. Thus, for example, strategy 1 yields
an average return from place bets (over the two subsamples) of 0.081
when the morning line alone is used to predict the winner, 0.076 when
the final odds are used, and 0.101 when the marginal odds are em-
ployed. This still compares favorably with placing win bets on the
favorites, from which the return is —0.173.

We were not able to improve on the results of table 3 by employing
more sophisticated compound strategies. The winners and runners-up
can, for example, be predicted from a generalization of the logit model
that explicitly takes into account not only which horse won, but which
horses were second and third.’ These predictions have been employed
for combination strategies involving win, place, and show bets simulta-
neously.® The most successful of these combination strategies yielded
average returns of 0.133-0.140, depending on which explanatory vari-
ables were used in the generalized logit estimation.

IV. Conclusions

The results from win betting strategies show that strategies can be
developed that exceed the return from simply betting the favorite to
win. The results from using place and show bets are surprising in the
sense that we now find that net profits can be made. Several conjec-
tures may be offered to explain this finding. It is possible, for example,
that the tendency to overbet long shots is accentuated in place and

4. For strategy 1 this is equivalent to betting on the favorite.

5. The generalization follows from Harville (1973).

6. The most successful strategy requires predicting for each race three highest win
probabilities denoted by P, = P, = P;, where 1, 2, and 3 are the indices of the corre-
sponding horses. According to this strategy, if (i) P, — P, > .25 and P, — P» > .15, bet
horse 1 to win, 2 to place, 3 to show; (i) if P, — P, = .25and P, — P; > .15, bet horse |
to place, 2 to show; (iii) if P, — P, > .25, P, — Py = .15, bet 1 to win and 1 to place; (iv) if
P] _’PE":“'.IZS.PE _P];:.ls,bCIIIOShOW.
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show betting. It is also possible that all the information contained in the
win pool may not be efficiently impounded in the place and show pool.
This finding confirms the broad results of Hausch et al. (1981).

Are these results incompatible with the assumption of rationality?
We think not. First, we may ask whether the relationship between
return and the probability of winning predicted by Rosett (1965) would
still hold today. The reason is that the opportunities for low-probability
parlay-type bets at racetracks have greatly increased in the last decade
and there is now a plethora of exactas, trifectas, ‘‘pick fours,” and so
on, that are more profitable than parlays in the sense that they involve
only one track take rather than n. More important, however, it is quite
possible, as Rosett suggests, that even today the market fails to pro-
vide enough low-probability betting opportunities, given a substantial
“‘taste’’ by the betting public for such bets. This clearly will have the
effect of lowering the return on low-probability bets and is compatible
with our results. Our findings that positive returns can be earned do not
suggest irrational behavior; rather they suggest that the taste for cer-
tain nonpecuniary benefits associated with certain types of bets make
positive profits possible for some bettors.

In other words, it is not a paradox that bets on different horses have
different expected returns (and variance of returns); this is simply a
consequence of bettors’ having different utility functions and selecting
different points among the available opportunities (characterized by
different objective and subjective winning probabilities).

It should be noted, in conclusion, that these results cannot be inter-
preted as firm evidence of unexploited arbitrage opportunities for at
least two reasons. First, for any strategy that employs more than just
morning line odds, there is a serious difficulty in implementation, since
final odds are typically not posted until thirty or more seconds after the
betting windows close. Second, the place and show pools are usually
much smaller than the win pools. Any attempt to employ the implied
arbitrage strategies may prove infeasible since a relatively small
volume of betting could quickly wipe out the apparent profit opportu-
nity. Finally, it goes without saying that our simulations need to be
repeated over alternative and large samples before we can have consid-
erable confidence in the results.
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