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ABSTRACT

The *gambler’s fallacy®" is the belief that the probability
of an event is lowered when that event has recently occurred,
even though the probability of the event is objectively known to
be independent from one trial to the next. This paper provides
evidence on the time pattern of lottery participation to see
whether actual behavior is consistent with this fallacy. Using
data from the Maryland daily numbers game, we find a clear and
consistent tendency for the amount of money bet on a particular
number to fall sharply immediately after it is drawn, and then
gradually to recover to its former level over the course of
several months. This pattern is consistent with the hypothesis

that lottery players are in fact subject to the gambler’s

fallacy.

Charles T. Clotfelter Philip J. Cook

Box 4875 Duke Station Box 4875 Duke Station
Durham, NC 27706 Durham, NC 27706

and NBER
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People expect that a sequence of events generated by a random process will be highly
patterned, even when the trials are "objectively” known to be independent. Tversky and
Kahneman (1974) note that "Chance is commonly viewed as a self-correcting process in which a
deviation in one direction induces a deviation in the opposite direction” in order to make the
ovcerall sequence representative of the underlying probability distribution. This so-called
"gambler’s fallacy,” which has also been referred to as the principle of the "maturity of chances,”
was stated eloquently, if unscientifically, by one historian of gambling in 1909 (Ralph Nevill,
quoted in Devereux 1949, p. 690n.):

In games of chance, the oftener the same combination has occurred

in succession, the necarer we are to certainty that it will not occur at

the next coup. It would almost appear in fact, as if there existed an

instant, prescribed by some law, at which the chances become

mature and after which they begin to tend again towards

cqualization.
This belicf in what might be called "negative dependence” has been demonstrated in the
laboratory (Morrison and Ordeshook 1975) and, more interestingly, at the racetrack (Meteger
1985).1

In this papcr we offer evidence that the belief in negative depeadence influcnces patterns
of play in the numbers game offered by state lotterics. We find that the amount of moncy bet on
a particular threce-digit number tends to fall sharply immediately after it "hits,” and then gradually

recovers 1o its former level over the course of several months. We document the existence of this

pattern {or 52 consccutive winning numbers in the Maryland numbers game. A concluding
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section discusses the gambler’s fallacy and an alternative explanation for thesc results.
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The daily numbers games oflered by state lotteries since the carly 1970s, and by
underworld operators for much longer, offer players a variety of bets on the oulcome of a daily
drawing in which a three-digit number is sclected.? Players choose their number and the type of
bet they wish to make.

We obtained data on a sample ol 52 consecutive winning numbers in the Maryland three-
digit game, drawn during March and April, 1988. Each number's relative betting frequency was
rccorded for the day before it was drawn, the day it was drawn, and {or the [irst, second, third,
seventh, 28th, 56th, and 84th days after it was drawn. Players in Maryland's numbers game can
make a varicty of bets on the number drawn, but the two principal types of bets arc the straight
bet and the box bet. The probability of a correct guess on a straight bet -- three digits in exact
order - is 1 in 1000. Like most states, Maryland pays out $500 on a dollar bet, consonant with its
general policy of offcring a 50 percent payout rate on lottery games. The box bet allows the
player to win if any permutation of his number is drawn. For examplc, a box bascd on three
different digits yiclds six possible permutations, for odds of 6 in 1000; Maryland’s payout is $80,
slightly less than the 50 percent of a "fair” return paid on a straight bet. In the Maryland game,
roughly two thirds of all bets arc straight bets and the remaining third are box bets.?

For analyzing patterns in betting on particular numbers, we need a measure which weights
straight bets morc hcavily than box bets. From the lottery agency's perspective, a straight bet on
the number 123 creates 6.25 times (500/80) the prize liability on that number as docs a box bet on
123. The total prize liability for a number is one convenient indicator of the amount of betting

on that number, onc which is computed daily by the Maryland Lottery. In general, lability can be



rcpresented:
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where g is the payout for bet type j and By, is the amount of bet type j on number i on day t. In
order to adjust for day-to-day variations in the total quantity of betting, we divide the liability

generated by betting on this number by the day’s total bels to create an indicator Q;,

@

where B’ is the total amount bet on day t. Because the prize payouts in Maryland were set to

approximate a 50 percent payout rate, the average of this ratio will be close to 50 percent.! One
way (o interpret this ratio is to note that it is proportional to the "market sharc” for the three-
digit number, with 500 as the proportionality constant. If Q; = 50, thc market share for number i

on day t is 0.1 pcreent.

Findings
Table 1 presents data on the pattern of betting on the 52 winning numbcrs in our two-
month sample period. The first thing to notice is that there are large and persistent differcnecs in

the relative popularity of different numbers. The Qs on the day the number was drawn range



from 14 for the number 899 (on March 5) to 260 for the number 011 (on March 9).° Such
differences tend to follow predictable patterns.  As has been noted elsewhere, there is a strong
preference for numbers in the lower hall of the distribution, for triples (such as *333") and other
simple sequences ("123"), for numbers matching the date, and for numbers corresponding to
widcly-known events.® But the data in Tablc 1 indicate that the market share of a number
changes alter it hits. On the day after the numbers were drawn, there was a decline in the
amount bet in 37 of 52 cases. After three days the amount bet had declined in every case.
However, this drop in betting activity was temporary. After 84 days betting had just about
rcturned to normal, with only slightly more than half of the numbers (28 out of 52) showing lower
levels of betting than on the drawing day.

To see how the level of betting varied over time, we calculated the ratio of betting on a

winning number t days after it "hit” to the amount bet on it during a two-day bascline period:

3
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=

where @, = (0.5(Q,._) + Q).

We cxamined the median, 25th percentile and 75th percentile values for this ratio at specilied

intervals following the day it was drawn. These valucs arc graphed in Figure 1. The immediate

drop in betling on winning numbers is quitc cvident. For examplc, the median ratio fell from 1.00

on the drawing day to 0.64 after three days, then recovered gradually to rcach 0.93 alter 84 days.
Onc interesting question is whether popular numbers arc more or less subject to the

gambler’s fallacy. In order 1o test for this, we cstimated regressions of the form
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InQ,=a+blnQ +u

for various periods [ollowing drawings. The average proportional degree of decline in betting is a

function of pre-drawing popularity:
&)

2,

= exp (a +(b-1) In Q).
Q

If b=1, the proportionate decline is unrelated to initial popularity. If b<1, the relative decline is
greater for more popular numbers; if b> 1, the opposite is true. Table 1 shows that the relative
decline was in fact greater for the most popular numbers, with the estimated cocfficient for b
being significantly different from 1 {or five of the seven intervals. The differences are not great,

however. For example, consider the dilference in the predicted decline between the relatively

unpopular winning number 044 (Q, = 30) and the relatively popular 303 (@, = 115). The

estimates suggest that the relative betting on the two numbers aflter seven days would be 0.76 and

0.73, respectively.

Discussion
Our evidence suggests that particular numbers lose market share following a “hit," and
then gradually regain it. The obvious conclusion is that some of the bets that would have been

placed on that number are diverted to other numbers or not placed at all during the immediate



post-hit period. Given that the drawings are random and the reduction in betting is large and
consistent, there is little question that a number’s being drawn is the cause for the subsequent
decline in betting on this number.

We can offcr two plausible interpretations of this pattern. First, one could explain the
decrease in betling on a drawn number as the resull of a widespread perception that when a
number is drawn, the probability that it will be drawn again is reduced for several weeks or
months -- that the random process is governed by negative dependence. As a result of this
fallacious perception, players who ordinarily favor this number will either switch to another
number or stop playing for a while. A sccond and quite different explanation is that when a
number hits, the winners who regularly bet that number stop playing the game altogether because
of a wealth cffect. People who play with the purpose of achieving a certain financial objective,
such as obtaining enough cash to make a down payment on a car, may behave in this fashion.

Unfortunately, the available data do not allow us to distinguish between these two
cxplanations directly. There is other cvidence, however, that favors the first explanation. First,
winners of large lottery prizes usually do not stop playing; one study of million-dollar winners
found that they played more on the avcrage than they had before their big win (Kaplan, 1988).
Also, the {irst explanation comports with the advice given in numcrous guides for lottery players,

which encourage them to study patterns in the scquence of winning numbers to ascertain which

oncs are "due.”’

Conclusion
Patterns in numbers play are compatible with one version of the "gambler’s fallacy™ the
probability that a number will win in any one drawing dcpends on how recently it has won in the

past. Unlike the vast bulk of the evidence on this phcnomenon, the lottery data have the virtuc
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of being generated in the "real world" outside the laboratory. But this advantage comes at a cost,
since it is not possible to rule out a rival explanation. To do that would requirc daily microdata

on beltting behavior by individuals.
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ENDNOTES

1. She speculated that betting on [avorites should be more attractive after a series of races have been
won by long shots than after a serics of races won by favorites. Her data, based on 11,313 races run
on 9-race cards at Thoroughbred tracks in 1978, appear to support this view.

2. Some states also offer two- and four-digit games, but the three-digit version is more popular.

3. On September 4, 1986, for example, 65 percent of bets were straight and 35 percent werc box bets.
The state offers bettors combinations of straight and box bets as well as combined straight bets on
all the permutations of a numbers, but these are all made up of just the two basic types of bets. The
only type of bet thal is not made up of straight and box bets arc exact bets on the front pair and back
pair of numbers, which together made up less than one percent of all bets on that date.

4. The ratios for less popular numbers average less than 50 percent while the relatively few very
popular numbers average more. For example, in the September 4, 1986 drawing the number 123 had
a total liability of $1,885,155, which exceeded the total amount bet on all numbers, $1,494,469. In
this case Q;; = 131.82. Most numbers have ratios less than 50 percent, as illustrated by the sample
of winning numbers shown in Table 1.

5. For all the samplc days, the most heavily bet among these winning numbers was 513, which
reached a betting index of 470 on May 13, 56 days after it was drawn on March 18. This particular
surge in betting provides a dramatic illustration of the popularity of widely-known numbers such as
the date. In order to look for cvidence of the gambler's fallacy, it is necessary to recognize the vast
dilferences in the average popularity of numbers and 1o focus on the pattern of betting on a number

rclative to its usual level.

6. These patterns tend to persist cven when the payout on popular numbers is reduced relative to
less popular numbers (Clotfclter and Cook 1989; Reuter and Rubinstcin 1982).

7. See, for example, Clotfelter and Cook (1989, p. 88).



Table 1

Index of Amount Bet on Three-Digit Numbers Drawn
During March and April, 1988 in the Maryland Lottery,
Drawing Day and Selected Days Afterwards

Index of amount bet

- ——— S G " " . —— . " " - i W ——————— ————————

Date Winning Day of = = —--—ceeecmeemmm oo
of drawing Number drawing 1 3 7 56
“March 1 205 65 38 2a 28 23

March 2 640 32 27 17 17 16
March 3 980 24 20 19 17 23
March 4 957 25 20 18 19 29
March 5 899 14 15 13 17 22
March 7 618 44 23 18 23 26
March 8 639 23 22 18 18 20
March 9 011 260 472 212 180 119
March 10 274 69 44 42 50 68
March 11 472 46 54 37 40 S3
March 12 575 23 25 15 17 20
March 14 383 30 31 18 20 21
March 15 277 28 39 24 25 30
March 16 342 82 74 59 65 90
March 17 085 16 17 12 11 14
March 18 513 69 61 39 59 470
March 19 682 33 26 20 24 25
March 21 044 30 30 18 23 23
March 22 820 31 27 26 27 30
March 23 656 26 23 18 21 29
March 24 058 16 16 15 18 16
March 25 908 32 31 26 24 30
March 26 928 40 34 23 30 31

March 28 360 28 32 26 31 41
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29
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31

11
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13

14

15
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18

19

20

21

22

23

25

26

27

28

29

30

202

325

736

950

179

303

837

660

453

972

244

504

718

323

640

957

446

600

830

543

975

077

013

509

383

295

694

667

65
126
42
22
57
135
26
30
67
38
41
29
28
134
19
30
19
39
31
119
22
31
47
30
21
30
27

20

61

70

29

22

41

g5

23

31

56

29

34

20

20

95

20

22

17

29

24

98

23

30

37

25

22

25

22

16

38
55
22
14
31
66
15
22
55
21
24
16
17
79
18
20
12
18
21
92
18
24
27
23
17
20
16

12

39

48

23

18

28

58

19

25

57

26

27

18

19

81

16

24

20

21

29

111

24

32

33

22

18

26

20

15

61

68

29

24

31

64

17

34

81

28

30

15

25

76

20

32

19

21

35

139

26

28

43

29

22

27

30

17



Table 2

Regression Estimates

Equation 1

Day a b

1 1195 9254

2 -.1008 .9096**
3 .0007 8794*
7 .4355° .7946**
28 5774* 7710*°
56 5351 8165
84 9730* .6996°*

* Significantly dilferent from 0
** Significantly different from 1

nQ,=a+bh(Q,

where

Q= 120Q,,+ Q,)
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