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Many studies have documented that people exaggerate the degree to
which small samples are similar to the parent population and thus
tend to believe in the independence of a binary sequence exhibiting
negative autocorrelations. This belief is the so-called “gambler’s fal-
lacy”. In this paper we introduce a method that enables us to test the
bias of selection behavior for lotto games without using the exact dis-
tribution of the numbers chosen. There are two main findings: First,
we show that the betting behavior of Taiwan lotto players in the short
term is strongly consistent with the gambler’s fallacy. Second, consis-
tent with the notion of Type II gambler’s fallacy, these same players
tend to pick those numbers that have been drawn most frequently
in the past. The latter may be due to the availability heuristic, since
winning numbers having higher occurrence rates come to mind more
easily.
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1 Introduction

The purchase of lottery tickets and the existence of popular and unpopular
numbers seem beyond the analytical capability of standard economic theory
(Thaler, 1992). Lottery is a puzzle for standard financial theory, because
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this is a negative-sum game that offers high risk with a loss of investment of
over half (Statman, 2002). While there have been many empirical and the-
oretical studies on lotto demand and why people buy lotto in general, there
is not much literature focusing specifically on how people place the bets.
This is maybe because analyzing the behavior of lottery participation would
require exact frequencies of numbers chosen by the people, however lotto
offices rarely release this kind of data (Papachristou, 2004; Simon, 1999). In
this paper, we propose a winning-chance based method1 to investigate the
behavior of lotto players using only publicly available data. By examining
the winning chances of a series of draws, we can find out what people’s pref-
erences for picking numbers are. Intuitively, when the winning chance of
a certain draw is significantly higher than its expected value, then it is very
likely that some winning numbers of that particular draw are more popular
than others.

The study of the misconceived belief about random processes presented
in this paper has several features. The method we devise enables one to
use only publicly available data to analyze not only players’ underpredicting
repetition of recent winning numbers, but also their overpredicting repeti-
tion of longer horizon winning numbers. The two kinds of misperceptions
of the randomness result in that the players believe they can improve their
chances of winning by avoiding very recent winning numbers or betting on
numbers more frequently drawn in the past. The former is called “gambler’s
fallacy” (Tversky and Kahneman, 1971) and the latter type II gambler’s fal-
lacy (Keren and Lewis, 1994). By applying the method to the Taiwan 6/42
lotto game, we show that these two fallacies jointly affect the lotto players to
select their numbers. Through a simulation study we also demonstrate that
if the players follow a selection procedure dictated by any of the fallacies de-
scribed above, then such a behavior bias can be effectively detected by using
our method.

Papachristou (2004) proposes a Poisson regression model only in the
number of jackpot prize in 6/49 UK lottery2 to study the effect of informa-
tion concerning previous draws on people’s selections. Unfortunately, the
results do not support the commonly held view.3 The information relating

1The precise definition of winning chance is given in the next section.
2In this number lottery, bettors choose 6 distinct integers from 1 to 49 and win prizes if

at least 3 selected numbers match the winning numbers drawn.
3There is still no evidence of existence of the two fallacies when we apply our model to

UK data. All the independent variables are not significant.
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to jackpot hits is of greater importance in lottery demand than lower tier
prize information. However, this kind of information varies greatly from
draw to draw and may suffer from its poor efficiency in testing the selection
behavior.4

The lotto is a game of chance and it is believed that the winning num-
bers are randomly drawn by a lotto machine. However, many people have
held the misconceived belief that they can beat the odds and win the big
jackpot. The frequently subconscious strategy that is used look for num-
bers involves information about past draws. Tversky and Kahneman (1974)
described three types of heuristics that form an informal algorithm that gen-
erates a putative decision in response to an uncertain choice, and very often
produces incorrect answers. The first of these is “representativeness” involv-
ing misconceptions that a random sample drawn from a population tends
to be highly representative to the population. The representativeness bias
leads to the “gambler’s fallacy” or the “Law of Small Numbers”5 (Tversky
and Kahneman, 1971). The fallacy describes a situation where people have
erroneous intuitions about what has happened in the past and this has a
negative effect on the odds of a certain event even though the signals are
independently generated with identical probability.

Several experiments studying production and recognition tasks demon-
strate that people exhibit the gambler’s fallacy (e.g., Boynton (2003); Burns
and Corpus (2004);Riniolo and Schmidt (1999); Roney and Trick (2003)).
The gambler’s fallacy has been identified in Greyhound racing and gambling
in a casino (Croson and Sundali, 2005; Terrell, 1998). Coleman (2004)
studies ‘long-shot bias’, the phenomenon that gamblers tend to bet on horses
with long odds more than is rationally justified by their objective chance of
winning. The corollary, of course, is that gamblers bet on ‘favorites’ less
frequently than would be strictly mathematically reasonable.

Some researchers have accepted the interpretation and documented mixed

4We employ the simulated data to demonstrate the inefficiency of using only jackpot
winners. Please refer footnote 9. We also apply Poisson regression model to Taiwan data by
using only the first prize winning number. The results show that the t-statistic corresponding
to one of the two variables is insignificant (−1.48) and adjusted R-squared is only 0.26.In
contrast, the coefficients of independent variable are all highly statistically significant and the
explanatory power improves dramatically to 0.87 when we use total number of winners by
least squares model. Our model fits significantly better than Papachristou (2004) model.

5While being widely accepted in the literature of behavioral economics and experimental
psychology to describe the gambler’s fallacy, the phrase “Law of Small Numbers” may have
different meanings in other fields like statistics and number theory.
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evidence of gambler’s fallacy in lottery market. By examining the exact dis-
tribution of the three-digit numbers chosen by the players,6 Clotfelter and
Cook (1993) and Terrell (1994) show with statistical significance that a par-
ticular number will immediately become less popular following a win and
then gradually returns to a normal level after several weeks. Focusing on the
number of jackpot winners, which is a dataset available to general public,
to test statistical fallacies in the 6/49 UK, Papachristou (2004) did not find
strong evidence to support statistical misperceptions and concluded that in-
formation about previous winning draws only marginally at most affects the
selection of numbers. The first goal of this paper is to use our winning-
chance based method to investigate whether the Taiwan 6/42 lotto game
shows evidence of the gambler’s fallacy found in the laboratory experiments.

While we argue that lottery players exhibit the gambler’s fallacy, there is
another biased belief that inclines people to pick those numbers that came
up most frequently in the past. Keren and Lewis (1994) introduce this “type
II gambler’s fallacy” and indicate empirically that people underestimate the
number of observations required to detect biased numbers in the game of
roulette wheel. This alternative belief system may perhaps be explained by
the “availability heuristic”. Tversky and Kahneman (1974) point out that
“There are situations in which people assess the frequency of a class of the
probability of an event by the ease with which instances or occurrences can
be brought to mind.” Another area in which the availability heuristic has
been proven to exist is the fund or stock selection. Among many studies
on this subject, we mention the following. Montier (2002) suggests that in
the context of stock selection, investors are influenced by the front cover of
The Financial Time because it is easier for people to recall that information
(availability bias). Barber and Odean (2003) document that individual in-
vestors display attention-based buying behavior and tend to net buy when
stocks are in the news. Similar evidence is also found that funds garner more
new money and grow faster by advertisements (Barber et al., 2005; Jain and
Wu, 2000).

The second goal of this article is to determine whether the type II gam-
bler’s fallacy has any impact on the subsequent selection of the numbers.
More precisely, in addition to testing the existence of the gambler’s fallacy in
the short horizon for the Taiwan 6/42 lotto, we are also interested in find-

6In the three-digit lottery game, bettors pick a three-digit number from 000 to 999 and
win the prize if the number matches the number drawn.
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ing out whether the same lotto players may hold the biased expectation that
the most frequent numbers in the past will continue to win in the future.
While studies on the gambler’s fallacy for some lottery games have been re-
ported, there has been no evidence shown in the literature that the players of
lottery games exhibit the gambler’s fallacy and the type II gambler’s fallacy
simultaneously.

There are several reasons to choose the Taiwan lotto data to study the
misconceptions about random processes. First, it is an important emerging
and rapidly growing lotto market. The lottery ticket sales are the tenth
largest globally and more than fifty percent Taiwanese individuals joined
this game in its first year of operation (China Post, 2002; Lee and Chang,
2005; TVBS Poll Center, 2003).

The second reason to look at the Taiwan lotto game is the educational
background of its players. Some literatures on individual characteristics doc-
ument that later school leaving has a negative effect on lottery demand and
individual with less than a high school education level purchases more than
a more highly educated person (Farrell and Walker, 1999; Price and No-
vak, 2000; Stranahan and Borg, 1998a,b). However, there are more than 70
percent of Taiwan lotto players who have a high school education and ma-
jority of them have collegiate level education (Lee and Chang, 2005; TVBS
Poll Center, 2003). These people are presumed to have sufficient knowledge
in statistics and to realize the cost of the pari-mutuel. Thus the observed
behavior in the Taiwan lotto market is more likely to be caused by actual
erroneous beliefs rather than noise or unlearned in statistics.

A third advantage the Taiwan data has is the betting system which, in
contrast to those employed in Singapore, Hong Kong and UK, disallows
players to purchase tickets for several consecutive games in advance. The
multi-draw system operated in those countries could reduce the effect of
previous winning draws on selection behavior. The Taiwan data may provide
a more reliable and valid test for detecting the biases in number selection.

In this paper, we propose a winning-chance based method to investi-
gate whether the lotto players pick their numbers randomly and whether the
number selection is influenced by the distribution of previous winning num-
bers. The major appeal of this method is that it only requires the publicly
available information about the number of winners of all the prizes of each
draw. Two specific findings are provided. First, the gambler’s fallacy exists
among bettors in the short horizon, which corresponds to the ‘representa-
tiveness heuristic’ described by Tversky and Kahneman (1974). Second, the
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type II gambler’s fallacy is also present. Specifically, lotto players tend to pick
those numbers that have come up most frequently in the past. This kind of
betting strategy could be attributed to the “availability heuristic”, since the
winning numbers with higher frequencies come to mind more easily.

The structure of the paper is as follows. After the data and methodol-
ogy are described in the next section, evidence of the general fact that lotto
players do not pick their numbers randomly is presented in Section 3. In
Sections 4 and 5 the two major findings are described in more detail. To
strengthen these findings a simulation study is presented in Section 6. Con-
clusions are drawn in Section 7.

2 Data and methodology

The Taiwan Lotto was first introduced in 2002. The enthusiasm for lotto
purchasing immediately became a whole island social fashion and ticket
sales attracted NT$l02 billion revenue in its first year of operation. The
Taiwan Lotto uses the 6/42 model. Similar games are conducted in many
other countries. There are two draws each week. Our sample is obtained
from Taipei Fubon Bank (http://www.roclotto.com.tw/), the organizer, with
ranges drawn from January 2002 to December 2003. During this period,
there were 203 drawings. Data on each drawing consist of the winning six-
number combination and one bonus number, the number of winners for the
match three, four, five, five and bonus, and six (jackpot) categories and the
total number of tickets sold in each lottery game. For around 60% of ticket
sales players choose the numbers by themselves. The alternative available is
similar to the “lucky dip” system in the UK which allows the lotto computer
to choose numbers at random.

What do lotto players perceive when they pick their numbers in the
hope of winning the big jackpot? Many people look for methods that will
improve their chances of discovering a winning strategy. If the strategies
of players varied greatly from one and another, then overall, the choices of
numbers would be nearly random. In the next two sections we will identify
the psychological fallacies that drive the players collectively to adopt com-
mon strategies when they choose their numbers.

Because the empirical distribution of the betting numbers is not avail-
able, we need to define a proxy variable from which the information on
selection preferences of lotto players can be extracted. For this purpose, this
study introduces the variable of ‘winning chance’. We define the odds of
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winning a certain prize as the ratio of the number of winners of the prize
to the total sale of tickets for each draw, and define the winning chance for
each draw as the sum of winning odds across all the prize categories.

If lotto players choose their numbers randomly, then the theoretical
value of winning chance should be 2.9065% regardless of the winning num-
bers that have been drawn in the past. By analyzing the deviation of the
winning chance from the theoretical value of 2.9605%, we can detect the
existence of popular and unpopular numbers.

Table 1 summarizes the basic statistics for the proportions of players
winning various prizes in the 2002-2003 sampling period. The statistics
given in Panel A of Table 1 show that the sample means for the various prize
categories, except the match 6 prize, are not significantly different from their
true values by t-test. This finding suggests that the overall opportunity to
win a Taiwan lotto prize follows the rule of games of chance no matter what
the strategy used by players.

3 Non-random selection behavior

3.1 Proportions of prizewinners

Under random selection, the number of prize winners will follow a Pois-
son distribution (Moore, 1997). The author provides a test demonstrat-
ing the degree to which lotto players choose their numbers in an extremely
non-random fashion. The UK lottery for the first 96 weekly draws is not
consistent with a Poisson model. In this study, we want to show that the
non-random selection behavior seen in other places also exists in the Taiwan
lotto market.

First, let the probability θ be equal to 2.9065% that lotto player win
a prize. With many lotto players and possible choices, if lotto tickets are
chosen randomly and independently, the number of prize winners P will
follow a Poisson distribution with parameter T θ , where T is the number of
tickets sold for each draw. Since T may be extremely large and θ is small
enough, P may be approximated by a normal distribution with mean T θ

and variance T θ . If W is the winning chance (which is the number of
prize winners divided by the total number of tickets sold), then Z = (P −
T θ)/

√
T θ = √

T (W − θ)/
√

θ should approximately follows a standard
normal distribution. The histogram of the variable Z for the Taiwan lotto is
given in Figure 1. The standard deviation of distribution of Z is 98, which
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Table 1: Descriptive statistics on winning odds of various prize categories

Panel A: Winning odds

Winning
Match 6 5+Bonus Match 5 Match 4 Match 3 chance

Min 0.00000000 0.00001970 0.00180200 0.10271500 1.74041160 1.8449817

Max 0.00009187 0.00067280 0.01490300 0.33540300 3.99615520 4.3346179

Skewness 1.51919100 3.65283300 2.59289814 1.00742977 0.53234120 0.5644361

Kurtosis 3.36344300 23.81573000 12.57390108 1.36596295 0.33551250 0.3787538

Mean 0.00001724 0.00011282 0.00394052 0.17892859 2.71356750 2.8965667

Std Dev 0.00001555 0.00006866 0.00155794 0.04307652 0.42739870 0.4695712

Theoretic
prob.1 0.00001906 0.00011438 0.00400321 0.18014460 2.72218501 2.9064663

Panel B: Matrices of correlations for the winning odds between various prize categories

5+Bonus Match 5 Match 4 Match 3

Match 6 0.29 0.54 0.40 0.35

5+Bonus 0.51 0.55 0.51

Match 5 0.87 0.77

Match 4 0.94

This table summarizes some basic statistics of our sample. The data ranges from January
2002, when lotto in Taiwan was first introduced, to December 2003 (203 drawings in
total). All numbers of the winning odds are in %.
1 The theoretical probability of winning odds for various prize categories are calculated as
follows:
The odds for match 6 (Jackpot): C6

6/C42
6 = 0.00001906%.

The odds for match 5 + bonus: C1
1C6

5/C42
6 = 0.00011438%.

The odds for match 5: C35
1 C6

5/C42
6 = 0.00400321%.

The odds for match 4: C36
2 C6

4/C42
6 = 0.18014460%.

The odds for match 3: C36
3 C6

3/C42
6 = 2.72218501%.

is substantially greater than one. The highly dispersed value shows that the
combinations for the players, lotto tickets are not chosen randomly and the
Jarque-Bera statistics also contradict the normality hypothesis.7

Second, there are no discernable relationships between the proportions
of gamblers winning various prizes if players choose their number randomly.

7Jarque and Bera (1987) test is a prevalent approach for checking the high-order moments
of the random variables and testing departure from normality.
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Figure 1: The histogram of variable Z for the Taiwan lotto.

The correlations between the winning odds in different categories would be
near 0 since no ticket can win more than one prize. Because the theoreti-
cal winning chance will approximate 2.9065%, the match 3 winners leave
fewer tickets to win match 4 prizes, which might cause the correlations to
be slightly negative. Haigh (1997) investigates the evidence of non-random
choice by using correlations between the proportions of winners. The cor-
relations are significantly different from 0 for various prize categories, espe-
cially in the relationship between match 4 and match 3 where the coefficient
is 0.92. We use the same method to identity the evidence of non-random
behavior in the Taiwan lotto market. Panel B in Table 1 shows what the
degree of deviation from randomness would be. The correlations shown in
Panel B all differ greatly from 0. This finding of positive correlations among
the proportions of winners also suggests that the players pick their numbers
non-randomly.

3.2 Estimated probability of players’ picking an individual number:
the winning chance aspect

Cox et al. (1998) analyzes players’ choices of numbers, using the maxi-
mum entropy technique to estimate probability of players’ picking individ-
ual numbers. The maximum entropy method is an established application
in statistical physics and consistent from incomplete information. But the
method is too computationally extensive. On the contrary, the winning
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Figure 2: The estimated probability of players picking individual numbers
based on 113 weeks of UK lottery data. Solid line: S. J. Cox, G. J. Daniell
and D. A. Nicole (1998, Figure 1, p. 633). Dashed line: the estimated
probability by the average winning chance method.

chance aspect could provide an alternative to traditional estimation tech-
niques by using only regularly public data to figure the probability of player’s
selecting specific numbers.

In order to illustrate this point, we use the winning chance method to
reproduce the estimated probability of players’ picking individual numbers
based on the same UK National Lottery sample for the first 113 draws. The
estimated probability of players’ picking each number listed in Figure 2 is
calculated as follows: for each individual number i from 1 to 42, we first
calculate the average of the winning chances of all the draws containing i
as a winning number, then we normalize this average by the sum of the
42 averages obtained as just described. The solid line in Figure 2 is the
results calculated by Cox et al. (1998, p. 633) the dashed line represents
the results of the average winning chance method. In Figure 2 the two
methodologies show close similarity for the estimated probability of players’
picking individual numbers.

Through the winning chance method, Figure 3 presents the estimated
probability of individual numbers being picked by the Taiwan lotto players.
Figure 3 indicates that lotto players do not pick their numbers randomly
since the probabilities of individual number are far away from the theoretical
average 0.0238. In the next two sections we investigated in more detail how
players select their numbers.
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Figure 3: The winning chance method for the estimated Taiwan lotto player
probability of individual numbers. (Note: The winning chance excludes
bonus numbers)

4 Short horizon: gambler’s fallacy

4.1 Draws without replacement

Gamblers most typically misunderstand the meaning of randomness, and
might think they could improve their chances of beating the odds by select-
ing numbers that have not been hit in recent drawings, or that have come up
more frequently than expected from a random machine. However, the win-
ning numbers are randomly selected, regardless of what past information
has revealed, the chances of every lotto prize are still the same. Machines
do not remember past outcomes, but people recall recent winning numbers
and may expect the outcome will follow the law of averages even in the short
term. This kind of belief, a sense that the probability of an event is lowered
when that event has recently occurred, is called the “gambler’s fallacy”.

In order to determine if the behavior of players’ picking numbers in the
Taiwan lotto market does exhibit the gambler’s fallacy which was found in
Pick-Three lottery games, we divide the sample data into two categories.
Category one is where the winning numbers for a draw include at least one
number that was the same as that for the draw immediately previous. Cat-
egory two is where the winning numbers do not include any number in
the immediately previous draw. Intuitively, players will tend not to pick a
number that came up last time or even recently if the gambler’s fallacy ex-
ists among betters in lotto market. If the winning combination is really and
totally different from recent results, then the winning chance will increase
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if people follow this strategy. When the bonus is included, the result shows
that the mean probability of first category is 2.8475%, significantly lower
than the mean of the second category 3.0971%, with the two-sample t-test
statistic of −3.10. This result suggests that people prefer to pick numbers
that did not come up last time. If some of winning numbers actually repeat
in this current draw, then the winning chance will lower.

Table 2 provides the averages of the winning chances of those draws
in which the winning numbers do not repeat within a certain time frame.
Group i at time −j in Table 2, for example, means that only the previous j ,
j + 1, · · · , j + i − 1 draws with winning numbers being entirely different
from those of the current draw will be counted. In both panels, the win-
ning chance for time −1 is greater than 2.9065%. The results are strongly
consistent with the gambler’s fallacy whether the wining numbers include
the bonus or not. Take time −1 and group 1 in Panel A, for example, only
those draws with winning numbers not repeating the immediately previous
result are included; the average of winning chances is 3.0971%, greater than
the theoretical measure of 2.9065%. The averages remain larger than the
theoretical value for time −1 and group i, i = 1, 2, · · · , 5, where the win-
ning numbers do not repeat the previous two or more results.

The average winning chances listed in Table 2 indicate that people tend
to pick numbers that did not come up recently. In each AWC column of Ta-
ble 2 the averaged winning chances decrease for periods far back in the past.
This may show that the gambler’s fallacy only exists in the short horizon.

4.2 Perspective of previous winning frequencies in short term

The key ingredient of our study is the following observation: Suppose that
the lotto players, acting in accordance with the gambler’s fallacy, prefer to
pick the numbers that did not occur in recent draws. Then, for a certain
draw, its winning chance will increase and deviate significantly from the
theoretical value if the actual winning numbers are totally different from
those of previous draws.

To follow this process, we construct a variable named QPrevHot(t, w),
the index of the frequencies of the winning numbers at the current t-th draw
from previous draw 1 to previous draw w. For example, suppose that the
wining numbers are 1, 2, 3, 4, 5 and 6 for this current draw and their win-
ning counts are 1, 2, 2, 3, 1 and 1, respectively, from the draw immediately
previous to the draw w times before. Then QPrevHot(t, w) is 10/w by di-
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Table 2: Average of the winning chances (AWC) in which the winning num-
bers do not repeat

Group 1 Group 2 Group 3 Group 4 Group 5
time AWC N AWC N AWC N AWC N AWC N

Panel A: The winning numbers exclude bonus

−1 3.1239 69 3.3196 26 3.3420 13 3.3694 7 3.3278 3
−2 3.0590 69 3.1283 33 3.2536 15 3.2573 7 3.0144 2
−3 2.9961 70 3.0574 31 3.1644 14 3.1424 6 3.7696 2
−4 2.9046 71 2.9601 31 2.9089 11 3.0151 2 2.8452 1
−5 2.8832 81 2.9781 29 3.0140 15 2.6645 3 2.4837 1
−6 2.9127 76 2.9170 31 2.8751 7 3.3593 3 2.4837 1
−7 2.8572 75 2.9140 25 3.0093 10 2.6465 4
−8 2.8647 75 2.8780 29 2.6893 13
−9 2.8268 75 2.7461 32

−10 2.8553 81

Panel B: The winning numbers include bonus

−1 3.0971 41 3.5091 8 3.3195 4 3.0814 2 0.0000 0
−2 3.0574 48 3.1895 18 3.1162 5 0.0000 0 0.0000 0
−3 3.0239 53 2.9476 15 3.0080 6 3.3710 3 4.2110 1
−4 2.8656 51 2.8819 16 3.1740 5 3.3227 3 0.0000 0
−5 2.8618 53 3.1475 12 3.2137 4 0.0000 0 0.0000 0
−6 2.9802 51 3.1163 13 3.3593 3 3.2595 1 0.0000 0
−7 2.8481 48 3.0474 10 2.7956 3 2.4161 2
−8 2.9102 48 2.8280 9 2.5290 6
−9 2.7674 45 2.7421 17

−10 2.8780 57

The entry of group n at time = −t is the average of all the winning chances of
those draws in which the balls drawn are different from prior t, · · · , n − 1 + t
draws. N is the number of draws in each category. All winning chances are in
percentages.

viding the sum of the above frequencies by w. The greater QPrevHot is, the
more frequently the winning numbers of the current draw have been drawn
in the previous w games.

To illustrate the influence of past information concerning winning num-
bers, we use the following variables:
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QPrevHot(t, w) ≡
42∑

i=1

I (Balli(t)) × F(Balli(t), w)/w

for t > w, t = 2, · · · , 203, (1)

where I (Balli(t)) = 1, if Balli is the winning number at the t-th draw, and
0, otherwise; F(Balli(t), w) is the count of Balli calculated from draw t-1
to t-w for i = 1, 2, · · · , 42. After calculating the explainable variable, we
estimate the following simple regression:

log(Winning Chance(t)) = α + βQPrevHot(t, w) + ε(t), (2)

where log denotes the base-10 logarithm. The gambler’s fallacy causes people
to tend to pick numbers that did not occur recently. Intuitively, the wining
chance is higher if wining numbers come up from lower frequency set. Table
3 displays the regression for the relationship between the winning chance
and QPrevHot(t, w). In panel A, the QPrevHot variables representing the
previous hot numbers are all negatively correlated to the winning chance
significantly. Such inverse relationship is strongly exhibited in the short term
at a 1% significance level. For horizon 2 in Panel A, the β is −0.3684
with t-statistic of −8.33, while in Panel B with the inclusion of the bonus
number, the β is −0.3315 with a t-statistic of −6.76. The negative sign
on the regression coefficient estimated suggests that gamblers tend to pick
the winning numbers that appear with a lower winning frequency in the
past draws. The negative dependency only exists in the short horizon, and
becomes insignificant as the window size w increases to 11 in Panel A (or 10
in Pane B). This provides evidence that players in the Taiwan lotto market
exhibit gambler’s fallacy in the short horizon. This behavior in the picking
of numbers is consistent with representativeness heuristics that leads to the
gambler’s fallacy I hypothesis studied by Tversky and Kahneman (1974).

5 Long horizon: type II gambler’s fallacy

Previous sections have for the most part analyzed the gambler’s fallacy in
the short horizon. This section turns to explore another strategy of the lotto
players based on observations of winning outcome over long timeframes. We
argue that lotto players may change their strategy if they see some of winning
numbers being drawn more frequently than other numbers. Notice in Table
3 that the intercepts are all significantly positive and the R-squares relatively
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Table 3: The OLS estimates for the regression equation:
log (Winning Chance (t)) = α + βQPrevHot(t, w) + ε(t)

Window Size w α̂ β̂ R-square N

Panel A: The winning numbers exclude bonus

1 0.4937 −0.2433 0.2292 202
(76.42)∗∗∗ (−7.71)∗∗∗

2 0.5111 −0.3684 0.2584 201
(65.36)∗∗∗ (−8.33)∗∗∗

3 0.5110 −0.3734 0.1913 200
(55.64)∗∗∗ (−6.84)∗∗∗

4 0.5154 −0.3932 0.1621 199
(49.03)∗∗∗ (−6.17)∗∗∗

5 0.5083 −0.3516 0.1098 198
(44.21)∗∗∗ (−4.92)∗∗∗

6 0.5141 −0.3955 0.1108 197
(40.96)∗∗∗ (−4.93)∗∗∗

7 0.5101 −0.3675 0.0802 196
(37.02)∗∗∗ (−4.11)∗∗∗

8 0.5056 −0.3344 0.0532 195
(32.67)∗∗∗ (−3.29)∗∗∗

9 0.4986 −0.2832 0.0336 194
(29.80)∗∗∗ (−2.58)∗∗∗

10 0.4900 −0.2274 0.0202 193
(28.27)∗∗∗ (−1.98)∗∗

11 0.4851 −0.1912 0.0131 192
(26.52)∗∗∗ (−1.59)

low. This may suggest that the explanatory power of the QprevHot variable
in equation (2) is limited. There may exist an additional variable that could
better explain the lotto players’ behavior bias in picking the numbers jointly
with QPrevHot(t, w) for small w’s. As demonstrated below, the variable we
need turns out to be QPrevHot(t, w) with larger w’s.

In order to study the relation between betting behavior and informa-
tion about previous winning frequencies over the long horizons, we adopt
a method similar to that of Section 4.2 but using long horizon informa-
tion. If players have biased beliefs based on the availability heuristic, then
they will tend to pick those numbers that have most frequently drawn in
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Table 3: (Continued)

Window Size w α̂ β̂ R-square N

Panel B: The winning numbers include bonus

1 0.4956 −0.2070 0.1674 202
(65.06)∗∗∗ (−6.3419)∗∗∗

2 0.5145 −0.3315 0.1868 201
(53.20)∗∗∗ (−6.76)∗∗∗

3 0.5156 −0.3430 0.1497 200
(46.52)∗∗∗ (−5.90)∗∗∗

4 0.5179 −0.3508 0.1218 199
(41.20)∗∗∗ (−5.23)∗∗∗

5 0.5105 −0.3134 0.0765 198
(36.00)∗∗∗ (−4.03)∗∗∗

6 0.5110 −0.3189 0.0680 197
(33.66)∗∗∗ (−3.77)∗∗∗

7 0.5025 −0.2693 0.0414 196
(30.48)∗∗∗ (−2.89)∗∗∗

8 0.5004 −0.2551 0.0286 195
(26.69)∗∗∗ (−2.38)∗∗

9 0.4926 −0.2069 0.0165 194
(24.25)∗∗∗ (−1.79)∗

10 0.4862 −0.1719 0.0106 193
(23.16)∗∗∗ (−1.43)

11 0.4784 −0.1243 0.0053 192
(21.98)∗∗∗ (−1.00)

The variable of QPrevHot(t, w) denotes the winning number frequencies
at the (t − 1)-th draw from previous draw 1 to previous draw w, and ε(t)

is the residual. N is the number of draws in each category. The associated
t-statistics are reported in parentheses (two-tailed). ∗∗∗, ∗∗ and ∗ signify the
significance at 1, 5, and 10 percent levels, respectively. Both the winning
chances and the regressor QPrevHot(t, w) are in percentages.

the past. Table 4 presents the regression for the relationship between the
logarithm of winning chances and QPrevHot(t, w) for long horizons. The
higher QPrevHot indices mean that the winning numbers occurred more
frequently than in this current draw. The OLS estimates for beta in that
equation is all significantly positive with the window variable w no less than
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Table 4: The OLS estimates for the regression equation:
log (Winning Chance (t)) = α + βQPrevHot(t, w) + ε(t)

Window Size w α̂ β̂ R-square N

Panel A: The winning numbers exclude contain bonus

20 0.4645 −0.0453 0.0004 183
(19.67)∗∗∗ (−0.28)

30 0.4096 0.3251 0.0121 173
(12.67)∗∗∗ (1.45)

40 0.3532 0.7161 0.0515 163
(10.22)∗∗∗ (2.96)∗∗∗

50 0.3095 1.0111 0.0859 153
(8.05)∗∗∗ (3.77)∗∗∗

60 0.2934 1.1246 0.0973 143
(7.07)∗∗∗ (3.90)∗∗∗

70 0.2653 1.3143 0.1157 133
(5.77)∗∗∗ (4.14)∗∗∗

80 0.2579 1.3730 0.1119 123
(5.08)∗∗∗ (3.90)∗∗∗

90 0.1902 1.8483 0.1728 113
(3.44)∗∗∗ (4.82)∗∗∗

100 0.1839 1.9079 0.1627 103
(2.97)∗∗∗ (4.43)∗∗∗

110 0.1450 2.1606 0.1995 93
(2.22)∗∗ (4.76)∗∗∗

120 0.0992 2.4761 0.2416 83
(1.41) (5.08)∗∗∗

130 0.0341 2.9427 0.2801 73
(0.42) (5.26)∗∗∗

140 −0.0207 3.3050 0.3244 63
(−0.23) (5.41)∗∗∗

150 −0.0691 3.6300 0.3890 53
(−0.75) (5.70)∗∗∗

160 −0.0875 3.7386 0.4256 43
(−0.89) (5.51)∗∗∗

170 −0.2442 4.7920 0.5654 33
(−2.24)∗∗ (6.35)∗∗∗

180 −0.1259 3.9502 0.4641 23
(−0.95) (4.26)∗∗∗

190 −0.0968 3.9205 0.4771 13
(−0.54) (3.17)∗∗∗
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Table 4: (Continued)

Window Size w α̂ β̂ R-square N

Panel B: The winning numbers include bonus

20 0.4428 0.0918 0.0018 183
(16.21)∗∗∗ (0.57)

30 0.3892 0.3994 0.0194 173
(10.63)∗∗∗ (1.84)∗

40 0.3466 0.6498 0.0466 163
(8.94)∗∗∗ (2.80)∗∗∗

50 0.2939 0.9596 0.0856 153
(6.89)∗∗∗ (3.76)∗∗∗

60 0.2382 1.2986 0.1315 143
(5.07)∗∗∗ (4.62)∗∗∗

70 0.2074 1.4798 0.1528 133
(4.06)∗∗∗ (4.86)∗∗∗

80 0.1934 1.5699 0.1517 123
(3.42)∗∗∗ (4.65)∗∗∗

90 0.1255 1.9799 0.2102 113
(2.06)∗∗ (5.43)∗∗∗

100 0.1166 2.0471 0.2054 103
(1.75)∗ (5.11)∗∗∗

110 0.0729 2.3007 0.2268 93
(0.98) (5.17)∗∗∗

120 0.0825 2.2419 0.2212 83
(1.06) (4.80)∗∗∗

130 0.0188 2.6303 0.2648 73
(0.22) (5.06)∗∗∗

140 0.0003 2.7300 0.2734 63
(0.00) (4.79)∗∗∗

150 −0.0313 2.9160 0.2751 53
(−0.28) (4.40)∗∗∗

160 −0.1166 3.3970 0.3247 43
(−0.91) (4.44)∗∗∗

170 −0.2655 4.2807 0.4234 33
(−1.77)∗ (4.77)∗∗∗

180 −0.0763 3.1092 0.2568 23
(−0.40) (2.70)∗∗∗

190 −0.1565 3.7945 0.4567 13
(−0.76) (3.04)∗∗∗

The variable of QPrevHot(t, w) denotes the winning number frequencies at t − 1 draw
from previous draw 1 to previous draw w, and ε(t) is the residual. N is the number of
draws in each category. The associated t-statistics are reported in parentheses (two-tailed).
∗∗∗, ∗∗ and ∗ signify the significance at 1, 5, and 10 percent levels, respectively. All
winning chances are in percentages.
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40. This result indicates that people tend to select numbers that appeared
more frequently. The phenomenon becomes stronger as the window size
w gets larger. This finding is similar to the “memory attachment” identi-
fied by Henze (1997): the inclination to copy winning combinations from
past drawings. This betting strategy behavior may be due to the availability
heuristic since the information of higher frequency winning numbers comes
easily to mind. Lotto-related information, such as the frequency tables listed
in newspapers or Web-sites (including official Web-sites), grew exponentially
after the launching of the Taiwan lotto.

We now investigate the influence the gambler’s fallacy and the type II
gambler’s fallacy jointly have on the player’s behavior in picking the num-
bers. In the following we on many occasions use QPrevHot(t, w = i) to
replace QPrevHot(t, w),w = i, for presentational convenience if no confu-
sion is created. The regression equation considered below expands equation
(2) to include both the long-term QPrevHot(t, w) with w = 130 and the
short-term QPrevHot(t, w) with w = 1, 2 or 3 as the regressors,8

log(Winning Chance(t)) = α + β1QPrevHot(t, w = i)

+ β2QPrevHot(t, w = 130) + ε(t). (3)

Table 5 reports the estimates of the regression coefficients for the re-
lationship between the winning chance and the two different QPrevHot
measures. In both Panels A and B, we repeat the same regression analy-
sis as we have done before by using equation (2) for w = 1, 2, 3 and 130,
and report the results in the first four rows, R1 to R4, for convenience of
comparison. Notice here that the sample size for the cases of w = 1, 2,
and 3 is all 73 instead of 202, 201 and 200, respectively (cf. the last col-
umn in Table 3). The estimates of the coefficients of equation (3) for both
the QPrevHot(t, w = 130) and QPrevHot(t, w = i), i = 1, 2, 3, are re-
ported in rows R5 to R7. With these two measures jointly included as the
regressors, the intercepts are close to zero and the R-squares improve dra-
matically across the three short-term measures, QPrevHot + (t, w = i),
i = 1, 2, 3, while no significant difference in explanatory power is evident
among QPrevHot(t, w = i)’s, i = 1, 2, 3. The estimates reported in Ta-
ble 5 are strongly consistent not only with the short-term gamblers’ fallacy,

8We acknowledge that a referee suggests using the counts of winning numbers in the last
100 or 130 draws to capture type II gambler’s fallacy. The results are not presented here
because they are similar to what are reported in Table 5.
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Table 5: Regression on both short and long horizon variables

Horizon Intercept QPrevHot QPrevHot QPrevHot QPrevHot R-square
(t, w = 1) (t, w = 2) (t, w = 3) (t, w = 130)

Panel A: The winning numbers excluding bonus

R1 0.4913 −0.2236 0.1881
(45.02)∗∗∗ (−4.06)∗∗∗

R2 0.5142 −0.3819 0.2444
(37.63)∗∗∗ (−4.79)∗∗∗

R3 0.5161 −0.3980 0.1917
(32.32)∗∗∗ (−4.10)∗∗∗

R4 0.0341 2.9427 0.2801
(0.42) (5.26)∗∗∗

R5 0.0703 −0.2218 2.9267 0.4652
(1.00) (−4.92)∗∗∗ (6.02)∗∗∗

R6 0.0987 −0.3727 2.8810 0.5127
(1.46) (−5.78)∗∗∗ (6.21)∗∗∗

R7 0.0917 −0.4006 2.9561 0.4743
(1.30) (−5.09)∗∗∗ (6.13)∗∗∗

Panel B: The winning numbers including bonus

R1 0.4923 −0.2000 0.1360
(38.67)∗∗∗ (−3.34)∗∗∗

R2 0.5245 −0.4008 0.2320
(32.69)∗∗∗ (−4.63)∗∗∗

R3 0.5256 −0.4089 0.2033
(30.02)∗∗∗ (−4.26)∗∗∗

R4 0.0296 2.6303 0.2648
(0.22) (5.06)∗∗∗

R5 0.0296 −0.2242 2.8023 0.4346
(0.39) (−4.59)∗∗∗ (6.08)∗∗∗

R6 0.0922 −0.3932 2.5872 0.4881
(1.24) (−5.53)∗∗∗ (5.92)∗∗∗

R7 0.0670 −0.4395 2.7834 0.4987
(0.92) (−5.71)∗∗∗ (6.42)∗∗∗

This table reports the winning chance regression on short- and long-horizon variables:
log (Winning Chance(t)) = α + β1QPrevHot(t, w = i) + β2QPrevHot(t, w = 130) + ε(t),
i = 1, 2, 3.
QPrevHot(t, w) is the winning number frequencies at t − 1 draw from previous draw 1 to previous
draw w. All winning chances are in percentages. The variable QPrevHot(t, w = 130) is constructed
to measure the index of winning number frequencies from the 131st draw. The associated t-statistics
are reported in parentheses (two-tailed). ∗∗∗, ∗∗ and ∗ signify the significance at 1, 5, and 10 percent
levels, respectively.

but also simultaneously with the type II gambler’s fallacy in the long run.
These results indicate that people use the “representativeness heuristic” and
the “availability heuristic” jointly to judge the probability of random events.
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Because the winning odds for match threes have a large impact on win-
ning chances, our findings may all arise from this winning probability alone.
However, whether we define the winning chance excluding match threes or
with reference to match threes alone, the results are the same. Furthermore,
all the results presented above do not appear when we use simulated random
tickets.

6 Simulation

In order to better understand the degree of influence which the gambler’s
fallacy and the type II gambler’s fallacy have on the behavior of lottery par-
ticipants in Taiwan, we also used a computer to simulate the lottery games
in which various selection strategies, including the benchmark strategy of
choosing the numbers randomly with equal probability, are employed by
the players.9

To simulate the tickets that are selected by the players using the tactical
strategies other than the one of random selection, we need to have a set of
historical winning numbers upon which the strategies are based. Through-
out the simulation study the winning numbers we use are those drawn from
the real lottery games as described in Section 2; and in simulating each game
the frequencies of all the winning numbers of the previous 130 draws are
used to implement the strategies. Because there are 203 games in the data
set, we have simulated a total of 73 games. In Taiwan’s lotto market about
60% of the players handpick their numbers themselves, and a central com-
puter maintained by the Taipei Bank selects randomly the remaining 40%.
Our plan of simulation is to generate a large number of tickets chosen with
preference for certain numbers, followed by generating another set of ran-
domly selected tickets such that the amount of the latter is 40% of the total
of these two kinds of tickets combined. To generate the 60% combinations
chosen manually, the simulation procedure has two stages that are designed
to incorporate the type-II gambler’s fallacy as well as the gambler’s fallacy.

9To prove the lower efficiency of using only jackpot winners, we also use simulated data
to demonstrate that the method can not effectively detect even when the players follow a
selection procedure dictated by the past history of winning numbers. The Poisson regres-
sion result shows that the t-statistic corresponding to one of the two variables is insignificant
(1.17) and adjusted R-squared is only 0.33. In contrast, the coefficients of independent vari-
able are all highly statistically significant and the explanatory power improves dramatically to
0.71 when we use total number of winners by least squares model.
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In the first stage a fixed number N of combinations are selected accord-
ing to a probability distribution which is not uniformly 1/42 for each of
1, 2, · · · , and 42 but instead allocates more probability to the numbers that
appeared more often in the past.10 The purpose of the change of probability
is to address the type-II gambler’s fallacy in the long term so that the num-
bers more frequently drawn in the previous games will have greater proba-
bility to be chosen during the course of simulation than those less frequently
drawn. The specific steps of constructing the probability distribution are as
follows. We first divide the whole set {1, 2, · · · , 42} of lottery numbers into
three parts: U,M , and L. L consists of all the numbers whose frequency
of occurrence in the past 130 draws is not less than A(> 1) times 130/6
(the average counts each number from 1 to 42 appearing in consecutive 130
games). The elements of U are such that they have appeared not greater than
B(< 1) times 130/6. M is the rest of the numbers that are not contained
in U or L. The two tuning parameters, A and B, are chosen to ensure
that neither L nor U is empty. In our simulation process the values of A

and B are 7/6 and 4/5, respectively.11 For each element in U its probability
to be selected is decreased to one-third of 1/42 from 1/42. The amount
of probability (2/3) × (|U |/42) left from reducing the selection probabil-
ity from 1/42 to (1/3) × (1/42) for elements in U is distributed equally
among all the numbers in L so that each of them now has the probability
of 1/42 + |U |/(63 × |L|) to be selected.12 We then follow this adjusted
probability distribution to generate N combinations.

In the second stage, a proportion of these N combinations are deleted
according to a certain strategy highlighting the gambler’s fallacy. There are
six such strategies with different degrees of tendency to avoid picking the
winning numbers of the most recent game,13 and each is applied to all of
the N combinations to determine whether a ticket simulated in the first
stage is kept or not. Let STRATEGY i (see also the first column in Table
6), i = 1, 2, · · · , 6, denote the strategy that discards the newly generated
combination if there are at least i numbers selected that are identical to the
winning umbers of the most recent game. Namely, STRATEGY5 discards
any combination of which there are 5 or 6 numbers identical to those of

10N = 40 millions.
11There are a range of choices for both A and B that will generate the results similar to

those given in Table 6. For the ease of presentation, they are omitted.
12The absolute value sign signifies the cardinality or the number of elements of the set.
13Therefore, the only short-term measure we examine is QPrevHot(t, w = 1).
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the last draw. Notice here that all of the six ticket elimination strategies
were separately applied to each set of N ticket simulated in the first stage.
In addition, STRATEGY0 denotes the benchmark strategy by which the
combination is randomly selected with no preference for any of the integers
from 1 to 42. After the two stages are completed, we simulate another set
of ticket by random selection. Let N(i), i = 1, 2, · · · , 6, denote the set
of tickets simulated through the aforementioned two stages in the second of
which the strategy i is used; and denote by R(i) the set of randomly selected
tickets afterwards. The cardinality |R(i)| of R(i) is such that |N(i)| and
|R(i)| are 60% and 40% of the |N(i)|+|R(i)|, respectively. We then merge
the two set of simulated tickets, N(i) and R(i), compute the logarithm of
the winning chances, use it as the dependent variable in equation (3), and
carry out the OLS estimation of the regression parameters as we did for the
real lottery data in Section 5. Table 6 presents the regression analysis for
the relationship between the winning chances derived from the simulated
tickets and the variable QPrevHot for the short and long horizon. While
the OLS estimate for STRATEGY0 are all insignificant and the intercept
is, as expected, approximately equal to the log 2.9065, the OLS estimate
of QPrevHot(t, w = 130) in this equation is significantly positive for each
of the STRATEGY i, i = 1, 2, · · · , 6. In addition, the OLS estimate of
the short-horizon variable QPrevHot(t, w = 1) is significant for both of
STRATEGIES 1 and 2. These results strengthen our findings in Table 5 that
when picking the numbers, the Taiwan lotto players use tactical strategies
that are based on both the gambler’s fallacy and the type II gambler’s fallacy.
That the coefficients of QPrevHot(t, w = 1) are significantly negative only
present in STRATEGIES l and 2 is expected, because the less restrictive the
rule of avoiding the winning numbers of the previous game is, the weaker
the influence the gambler’s fallacy has over the player’s behavior of selecting
the numbers.

7 Conclusions

This paper uses the Taiwan 6/42 lotto, which serves as a representative for
the multiple number choosing games, to study the reactions of the players
to information concerning previous winning numbers. Because the lotto
office does not release the data on the number combinations chosen by the
players, we utilize the publicly available information regarding the number
of winners of all the lottery prizes to devise a proxy variable called win-
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Table 6: Computer-simulated results for regression on both short- and long-
horizon variables

Intercept QPrevHot QPrevHot R-square
(t,w=1) (t,w=130)

STRATEGY1 0.1724 −1.0919 3.0905 0.7751
(1.53) (−15.17)∗∗∗ (4.56)∗∗∗

STRATEGY2 0.0489 −0.4083 3.2980 0.7013
(0.77) (−10.12)∗∗∗ (8.67)∗∗∗

STRATEGY3 −0.0190 −0.0673 3.3838 0.6373
(−0.37) (−2.07)∗∗ (11.03)∗∗∗

STRATEGY4 −0.0402 0.0253 3.4144 0.6362
(−0.77) (0.76) (10.94)∗∗∗

STRATEGY5 −0.0434 0.0367 3.4212 0.6364
(−0.83) (1.10) (10.89)∗∗∗

STRATEGY6 −0.0436 0.0372 3.4218 0.6364
(−0.83) (1.12) (10.89)∗∗∗

STRATEGY0 0.4636 0.0000 −0.0012 0.0009
(640.44)∗∗∗ (−0.05) (−0.28)

This table reports the winning chance regression on short- and long-horizon vari-
ables. The winning chances come from the results of simulated tickets. The
variable QPrevHot(t, w) is the winning number frequencies at t − 1 draw from
previous draw 1 to previous draw w. All winning chances are in percentages. The
associated t-statistics are reported in parentheses (two-tailed). ∗∗∗, ∗∗ and ∗ signify
the significance at 1, 5, and 10 percent levels, respectively. The STRATEGY i,
i = 1, 2, · · · , 6, is to delete a simulated combination which has at least i num-
bers that are identical to those drawn in the game immediately previous. The
Strategy 0 is to generate purely random combinations upon which no constraints
are imposed.

ning chance. With the help of this variable two kinds of misconceptions
about random signals that result in behavior biases in the number selection
have been jointly verified for the 6/42 lotto game. More specifically, we
have shown that the Taiwan lotto players exhibit the gambler’s fallacy and
the type II gambler’s fallacy simultaneously while choosing their number
combinations. The gambler’s fallacy exists in the short horizon, which is
underpinned by the representativeness heuristic as described in Tversky and
Kahneman (1974) and the type II gambler’s fallacy, which is observed in
longer timeframes, may be due to the availability heuristic since the infor-
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mation of higher frequency winning numbers is easy to obtain.
An area of potential research interest is the investigation of the link be-

tween the biased expectation in the lotto market and the financial anomaly.
Along this direction, Rabin (2002) develops an urn model to explain under-
and over-reactions in terms of financial implications, and Statman (2002)
presents several intuitive and qualitative observations on the common be-
havior characteristics between lottery players and stock traders.
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許多研究顯示, 在觀察獨立隨機事件的發生時, 人們會過分強調小樣本對母體的

代表性,造成心目中認為是互相的獨立事件其實反而是具有負相關性的序列。 這

種誤解稱做是 「賭徒的謬誤」。 本文提供一種方法, 在不需要真實分配資料下, 使

我們可以檢測人們對於樂透彩的選號行為。 本文有二個主要的發現。 第一, 短期

而言, 投注者的選號行為顯著地具有賭徒謬誤的現象。 第二, 這些投注者在長期

卻出現了第二種型態的賭徒謬誤, 即傾向選過去中獎次數較多的號碼。 後者有可

能是所謂 「易獲得性」 偏誤所致, 因為那些出現頻率較高的號碼比較容易被人們

記得。

關鍵詞: 賭徒謬誤, 台灣樂透彩,第二型賭徒謬誤

JEL 分類代號: D81, G14, L83




